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DESIGN DRIVERS
Å The United Nations projects that 66 per cent of the worldôs population will 

live in cities by 2050. That shift puts enormous pressure on urban traffic and 

infrastructure. Given the trends, cities want to adopt and harness 

technologies to manage growth. 

Å These demands combined with budget pressures require smarter 

approaches to traffic. 

ÅSo far we have been building cities for 

cars, not for people!

Å Cities are chaotic, messy ï Transactional 

approaches do not work!! 

ÅHow do we empower people to build the 

places they want, the cities they want?





SHIFT 1:

From Siloed To Holistic Thinking



SILOED APPROACHES
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by Rube Goldberg
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PARADIGM SHIFT



HOLISTIC VIEW



Connected System





HOLISTIC VIEW







E.g. ñWheels away from the curveò rule ï Tesla does it ñgovernance by codeò







(source: Makoto Miwa, Panasonic, 2006)



Complex Networked Ecosystems

INTERDEPENDENCIES

INTERDEPENDENCIES











* Self-Organized Criticality                         

**Highly Optimised Tolerances

Complex Adaptive Systems

Å Absence of a global controller
Å Emergence of hierarchical organization

Å SOC* ï (óscale freeô) 
Å random interconnections 
of components, which at some point 
purely accidentally reach a (ócriticalô) state 
that enables new structure to emerge.

Å HOT** ï (óstructured complexityô) systems evolved to self-reproduce 

control mechanisms and protocols that enforce barriers to attacks

Å We can learn from developmental biology how to engineer resilience in 

complex artificial systems  



üComplex systems can be much more than a òsoupó

Beyond statistics: heterogeneity, modularity, reproducibility

V ñcomplexò doesnôt necessarily imply ñflatò (or ñscale-freeò)...

­  modular, hierarchical, detailed architecture (at specific scales)

V ñcomplexò doesnôt necessarily imply ñrandomò...

­  reproducible patterns relying on programmable agents

V ñcomplexò doesnôt necessarily imply ñhomogeneousò...

­  heterogeneous agents and diverse patterns, via positions











V Effective network deployment cannot exclusively rely on 

peer-to-peer self-organization at the local level

V Techno-social networks still need global monitoring and 

orchestration

Á for that, high-level action plans could set 

the global course of the action, while low-

level implementation details would be 

carried out by individual agents

Á action plans could be compiled down into 

local rules of attachment and broadcast to 

all agents

Á thus, the network could adapt to new 

events by reprogramming the agents 

on the fly to create new formations

Action Plans



Balancing Bottom-Up and Top-Down

ü Top-down

V orchestration to achieve desired goals

V high-level action plans set the global course of 

the action

ü Bottom-up

V emergence from genotype (local rules)

V low-level implementation details carried out by 

individual agents



Network Function

ÅRelating network topology to network 
properties (such as resilience)

ÅTransport (information, material, energy, 
peopleé)

ÅFlows (work, material, energy, cars) / 
diffusion (disease, viruses, information) 

ÅIn the context of robustness flows can 
lead to cascading failures under failure 
of critical hubs



Topology-Dynamics

ÅHow does flow (traffic) affect structural 
change and how does this affect network 
properties?

ÅConnectivity matrix: maps desired output 
properties (e.g. robustness) and its input 
attributes (degree distribution; resource 
exchange across links)

ÅControl - tuning input attributes to maximize 
robustness

ÅTopology ï substrate on which system dynamics 
unfolds

ÅDynamical processes affect networkôs evolution 
(emergence of new topology)



Network Robustness

- Robustness is achieved by a collection of 
protocols specifying control strategies for 
managing the flow (of data, people, packets, 
material, energy, etc.) ï which create barriers to 
cascading failures (e.g. because of router, 
power, materials,é outages and congestion). 

- Likewise, in biology most genes code for sensors 
and actuators and the complex regulatory 
networks that control them thus conferring the 
cell robustness to variations rather than the mere 
function basic ability  required for survival in ideal 
circumstances. 



Communication Network Design



Dann Toliver











Hypercycle lets AI systems talk and work 

together easily. Right now, this is slow and 

expensive. Hypercycle makes it faster and 

cheaper. It also does it securely on a peer-to-

peer basis, without centralized controllers and 

communication hubs, using verifiable identity, 

and leveraging novel ledgerless blockchain 

technology.

https://youtu.be/-ECPWDP_Odg?si=pWkmbi-bwFDKuUpL 

https://youtu.be/-ECPWDP_Odg?si=pWkmbi-bwFDKuUpL
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HyperCycle
Computation 

NODE

Data That Needs To 

Be Processed By AI for 

example PNG file that 

needs OCR (Optical 

Character Recognition)

Instructions aka 

Smart Contract





Interacting Nodes 

Instead of having the data mixed with others to be crunched ï the algorithm comes 

to your machine and you keep control over your data!


