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In complex systems, simple interactions between components and their environment often 

lead to unexpected behaviors.  These properties, called emergent properties, represent one of 

the most significant challenges in engineering complex systems [2, 3].  Examples of 

emergent properties include connection patterns in social network, trends in big data analytics 

and traffic congestion among others.  Emergence can be a positive addition to the designed 

properties of a product because this property can be adapted to support tasks that designers 

never originally intended. On the other hand, emergent properties such as the Ethernet 

capture effect and router synchronization problems in computer science are undesirable. Thus, 

emergence may also lead to unforeseeable failures, making it harder to design, analyze and 

control systems.  Though there is a growing interest in understanding emergence, there is 

considerable disagreement among the nature of emergent properties. This keynote attempts to 

provide a framework for understanding emergent properties from the computer science 

perspective.  

 

This keynote is divided into two main parts. Firstly, different perspectives of emergence from 

philosophy, natural and social sciences to computer science [3]; and key methods of 

formalizing emergent properties are reviewed. Secondly, a grammar-based approach is 

presented for identifying weak emergence in component-based simulation models [1, 4, 5]. 

Automatic detection of emergent properties is demonstrated using the Boids model.  In 

conclusion, open issues including the validation and reasoning of emergence are discussed. 
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