
Introduction to 
Graph Theory 



Motivation

• How to achieve global behaviors from 
local behaviors?

 Multi-Agent Networked Systems
• Robot/vehicle networks
• Sensor networks
• Social networks
• Power networks

 Why multi-agent?
• Agents represent the different entities 

(robots, vehicles, sensors, users…)

 Why networked?
• To model the limited information of each 

agent about the other agents, due to 
sensing and communication limitations



Examples

• Reynolds Boids Model
– A collection of mobile agents 

collectively achieves a global task with 
local interactions

– Rules of local interactions
 Separation (collision avoidance)
 Alignment (align velocity with 

neighbors velocity)
 Cohesion (avoid becoming isolated 

from neighbors)

 Formation Flight
 Distributed spacecraft systems (e.g., 

space interferometers, planet finders)
 Unmanned aerial systems (e.g., for 

surveillance, mapping, target detection)

 More examples in Chapter 1 
 [Mesbahi and Egerstedt, “Graph Theoretic 

Methods in Multi-Agent Networks].



Common Fundamentals

• Common Fundamentals
• A set of dynamic units that receive and 

transmit information among each other
• A signal-exchange network (typically via 

wired or wireless protocols)

• Locality in communication (e.g., limited 
range, limited bandwidth)

• Locality in sensing (e.g., limited range, 
limited field-of-view)

• Limitations in communication and sensing 
do not allow each agent to (directly) share 
information with everyone else

– Example: 2 does not communicate directly with 6

• Graphs model the available capabilities in 
terms of communication and sensing
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• A graph G=(V,E) is a collection of vertices 
(or nodes) V, and edges (or links) E.

 Agents are the vertices 
(nodes) in the graph that 
represents the network.

 Pairs of agents that can 
exchange information are 
connected with edges (links)

The network graph: 
 Gives a high-level description of how 

agents (vertices) interact (are connected) 
through edges (links)

 Does not include exact representations of 
the information shared, or the 
communication protocol



https://medium.com/basecs/a-gentle-introduction-to-graph-theory-77969829ead8Graphics taken from

https://medium.com/basecs/a-gentle-introduction-to-graph-theory-77969829ead8
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