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Learning Objectives 
 
This is an interdisciplinary course encompassing the recent groundbreaking research and its 
applications in complex problems and issues faced by humans and communities. It will 
explore the digital spaces and their entities from a network point of view.  
 
Keywords: Social networks analysis; Communities; Network Dynamics; Complex issues.  
 
Learning Outcomes 
The course will have the following Course Learning Outcomes. 

●​ Will have  understanding of Network science concepts 
●​ Will have understanding of Graphs and Networks 
●​ Will have understanding of network dynamics and the practical problems associated 

with it.  
●​ Will have an understanding of Intelligent transportation systems. 
●​ Solve real-world problems modelled as complex networks 

 
SYLLABUS 

 
Unit I: Foundations of Network Science: Introduction to Network Science, Historical 
evolution and interdisciplinary nature of network science,  Real-world examples: biological, 
technological, social, and economic networks, Basic Concepts Types of networks: undirected, 
directed, weighted, and bipartite networks, Representation of networks: adjacency matrix and 



edge list Network motifs and substructures.                                                                 (10 
hours)  
Unit II: Graph Theory and Social Network Analysis: Graph Theory Fundamentals Key 
concepts: paths, cycles, connectivity, cliques, and components, Properties of networks: 
degree distribution, clustering coefficient, and shortest path, Centrality measures: degree, 
betweenness, closeness, and eigenvector centrality Identifying influential nodes and 
authorities (e.g., PageRank), Social Network Analysis (SNA): Structural analysis of social 
systems and applications​ ​ ​ ​ ​                                                         
​ (10 hours)  
Unit III: Communities, Spreading Phenomena, and Societal Impacts: Community Detection 
Modularity optimization and algorithms: Louvain, Girvan-Newman, and spectral clustering, 
Overlapping and hierarchical communities and applications, Spreading Phenomena in 
Networks Epidemic models, Measuring and mitigating polarization Case studies: social 
media platforms and political discourse.                                                                              (15 
hours) 
Unit IV: Network Dynamics and Temporal Evolution: Network Dynamics Cascading 
behaviours: threshold and tipping-point models Influence maximization: greedy algorithms 
and heuristics Information diffusion models: independent cascade and linear threshold 
models, Applications: tracking disease spread, communication networks, and transportation 
systems. ​ ​ ​ ​ ​ ​ ​                                               (15 
hours) 
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