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Abstract

As the 21st century unfolds, we find ourselves having to control, support, manage or otherwise cope with large-scale complex systems to an extent that is unprecedented in human history. Whether we are concerned by issues of food security, infrastructural resilience, climate change, health care, financial stability, or security, we face problems that combine scale, connectivity, dynamism, and criticality, and can only be fully characterised in terms of complex networks of networks of networks.

In the rush to characterise these networks, one central shared aspect has often been overlooked – their spatiality. Whether biological, ecological, financial, or socio-technological, these real-world target systems are typically subject to constraints imposed by physical space: not every component part can be near to every other component part; in order for some parts to be central, others must be consigned to the periphery. The distances that separate the component parts of such systems (be they microchips, cells, military operations or world-wide political movements) impose inherent communication and co-ordination costs that must be paid in terms of time, energy and money. Typically it has been attractive to invest in the resources and technologies that are necessary to attenuate these operational costs infrastructure, telecommunications, rapid transit, centralised control architectures.
But is this always the right approach? Here it is argued that embracing spatial constraints can sometimes enable and promote complex co-ordinated behaviour that would be harder to achieve in its absence. Examples from the natural world are presented and their relevance to security context explored. Example issues include: trading off the maintenance of centralised situational awareness against the agility of deployed forces; understanding the potential for inherent strengths in spatially constrained organisations held together without sophisticated telecoms; maintaining logistics operations and supply chains that span continents but must be co-ordinated at the micro and macro scales. Insights into these types of “systems question” are being provided by the emerging field of complex systems simulation. Here, fundamental work on a measure of neural complexity is presented, suggesting a way in which spatial embedding might scaffold interaction complexity in dynamic networks through imposing useful topological structure “for free”. 
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