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Background 
• It is possible that you already know about Complexity Theory as the “butterfly 

effect” 
– For example, the Ian Malcolm character in the movie Jurassic Park. 

• Modern Complexity Theory dates from the work of Edward Lorenz, a MIT 
mathematician and meteorologist, in the 1960s. 
– While modeling atmospheric flows he discovered that minute changes in initial conditions 

resulted in widely different outcomes. 

– Merely because the precise origin of a specific event cannot be forecast does not mean that 
the likelihood of such an event cannot be predicted. 

• Complexity and the related field of chaos theory are two examples within 
nonlinear mathematics and critical state systems analysis 
– Climate, biology, solar flares, forest fires, traffic jams, and other natural and man-made 

behaviors (e.g., financial markets, dating) can all be described using complexity theory. 

• Complex systems all have behaviors in common, yet have dynamics unique to each domain. 

– Our textbook explains in the first paragraph on page 288 that most theoretical work in data 
communications assumes Poisson Traffic Models. This is why that theoretical work is 
demonstrably inaccurate (i.e., network traffic is self-similar (textbook page 737), not Poisson). 
This observation is well-recognized in Data Communications. However, it is the instructor’s 
personal opinion that should network modeling instead leverage complexity theory then that 
would produce superior results. That is why this topic is in the class notes. 



Basic Concepts 
• Los Alamos National Laboratory (LANL) has created a mathematical methods 

toolkit for solving complexity theory problems 
– Humans have always observed the outcome of complex systems but until 

computing power became large enough, complex dynamic system paths have not 
been observable in graphical form. 

• Like Bayes Theorem, Complex systems have memory 
– However, Complex systems are highly unpredictable 

• Two tools to understand Complexity theory: 
1. Agent – an actor in a system  

• Agents must communicate and interact with other agents in some way 
• Complexity is heightened if agents are diverse (e.g., different types of packets) 

2. Feedback 

• Adaptive behaviors == how the agent responds to feedback loops 
– Feedback can be endogenous (internal to an agent) or exogenous (external to an 

agent, e.g., network congestion) 
– Scarcity is what causes agents to adopt strategies to secure “their share” of the 

resources 
– Formation of crowds and anti-crowds – anti-crowds attract followers that do the 

opposite of the original crowd. The behavior of both is governed by their memory 
and feedback. 

• A third group also often/usually exists:  random actors 
• Complexity theory reflects the interaction of these three types of dynamics 

• Emergence == well-defined opposing groups emerge without force or 
prearrangement from an undifferentiated mass through the workings of 
feedback and memory. 


