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Full Coupling… 
• How does networking lead to instability? 

– Emergence of structure: non uniform states  
– Applications to norms, attitudes, behaviour… 

 
 
 

 
 
 
 
 

• What happens when the states affect the dynamic 
networking (Homophily)? 

• For small and large populations? 
• For deterministic and stochastic systems? 

 
• Will increased communication lead to more social 

instabilities? 



“New lamps for old” 
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Stochastic Evolving Networks 



  

P Grindrod, DJ Higham,  MC Parsons, Bistable Evolving Networks, Internet Mathematics, to appear 



Activator-Inhibitor Processes 
• In psychology, large literature on individuals having a tensioned equilibrium 

between activating processes and inhibiting processes.  

– Gray’s (1987) introduction of a model for behavior activation and behavior inhibition led to a 

very large amount of research.  

– The Dual Control Model, summarized by Bancroft et al (2009), proposes that individuals’ 

sexual responses involve an interaction between sexual excitatory and sexual inhibitory 

processes. 

– It is now generally accepted that most brain functions are at a balance between activator and 

inhibitory processes. 

• In applied mathematics, Activator-Inhibitor systems are hugely  important: a 

uniform equilibrium across a population of individual units becomes 

destabilized by “passive” coupling.  

– Such Turing instabilities naturally break the uniform symmetry, resulting in localized subsets 

of increased activation and increased inhibition: patterns.  

– Occurs when the coupling between the individuals’ is stronger for the inhibitor variables than 

for the activator variables. 

– Such instabilities may seem counter intuitive at first sight since individuals are seeking 

pairwise alignment of individually stable systems. 



Turing instability  



Fully Coupled - Deterministic 
Identical Activator – Inhibiter dynamics 

Diffusion driven (Turing) instability 
Homophily term 

 
 

Complex dynamics in a model of social norms, J A Ward and P Grindrod, in  prep 2012. 



N=2 and Schnackenberg Dynamics 



x1(t) inhibitor variable 



x1(t) and x2(t) 



   a(t) coupling strength 



a versus (x1-x2) and (x1+x2) /2 



a versus (x1-x2) and (y1-y2) 



Fully Coupled – Stochastic 
Identical Activator – Inhibiter dynamics  

Diffusion driven (Turing) instability 
Homophilly terms 

 
 

"A Fully Coupled System of Activator-Inhibitor States Linked Through A 
Homophilic Evolving Network”  P Grindrod and M C Parsons, in prep,  2012 



Inhibition variables 
N=40, Extremes (top 10 and bottom 10) 

p = 2; 
q = 1; 
D1 = 2.5; 
D2 = 0.005; 
Delta = 0.01 
epsilon = 10^-4; 
del = 0.8; 

omega = 0.8; 



2 D projection of evolving network 
N=40, Clique projection and next principal projection 

p = 2; 
q = 1; 
D1 = 2.5; 
D2 = 0.005; 
Delta = 0.01 
epsilon = 10^-4; 
del = 0.8; 

omega = 0.8; 



Next steps… 

• Analysis of large and small deterministic systems 
• Analysis of stochastic systems 
• Nonlinear network dynamics: triad closure, stratification,  and beyond… 

 
• New applications to new behavioral phenomena 

– Centre for Applied Behavioural Sciences at UoR 
– Consortium for Exploratory Research in Security 
– Other government: MOD, HMRC,… 
– Commerce: Ad/Media, Telco, Energy, Security and beyond 

 

Thanks to EPSRC Molten, RCUK Digital Economy and the Horizon Hub, 
EPSRC DTG 
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