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• Smart cities: A world of “smarts” 
• Focus: Control, automation, 

physical processes 

• IOE: A global sensing & actuating 
utility connected to the internet 

• Focus: architecture, security, 
protocols 

Engineering Perspective Computational Perspective 

smart city defined as one where investments in human and social capital. . . with a wise management 
of natural resources, through participatory governance” Caragliu et. al. (2011)  



actuate sense 

decide 

• The involvement of human beings 
both as decision makers and 
objects of control 

• Systems belonging to a multitude 
of disciplines ranging from social & 
environmental science to 
engineering disciplines 

An integrative language that covers the social, ecological and technical 
dimensions in the language of control and communication 

cybernetics 



Cybernetics or Control and Communication in the Animal 
and the Machine, Norbert Weiner (1961) 
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Regulatory Mechanisms & 
The Negative Feedback Loop 

 
• Machines 
• Living Organisms 
• Organizations 
• Social systems 
• All purposeful behavior  

Challenge 2 (Stankovic et. al 2013): Extensions 
to system identification or other techniques to 
derive models of human behaviors.  

Human-In-The-Loop 



Well understood system Complex system 

Arkady Kryazhimskiy “The Role of Systems Analysis in Supporting 
Global Transformations” in: Worlds Within Reach – From Science 
to Policy, Vienna, 12th October 2012. 

Challenges 
• Integrating multiple models  
• Precision VS Accuracy 



Tidwell, Vincent C., et al. “System dynamics modeling for community-based water planning: Application 
to the Middle Rio Grande.” Aquatic sciences 66.4 (2004): 357-372. 



American Wildfires 

While policy intervention did lead to fewer 
fires, it also led to growth conditions such that 
when fires did occur, they were much larger 
and more damaging.  



China’s Four Pest Campaign 

It was later realized that besides grain, the sparrows also ate many 
insects harmful to rice, and as a result, the rice yield actually decreased 



Forest cover and global warming 

Teuling, Adriaan J., et al. "Observational evidence for cloud cover enhancement 
over western European forests." Nature communications 8 (2017): 14065. 

Increasing forested area 
in an attempt to reduce 
global warming, risks 
reducing the Earth's 
capacity to reflect part of 
the incident solar energy 
back into space 



Bio-fuels and food prices 
 

The increased production of biofuels is forecasted to compete with existing 
agricultural goods which can result in a rise in food prices. 



Total Revenue 

Fraction of  
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using commons 

Optimal 
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Over 
Utilization 

The Tragedy of the Commons (Hardin, 1968) 

How does cooperative behavior arise in 
social systems 

Governing the Commons (Ostrom, 1990) 
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• 𝑥(𝑡) resource quantity 
• 𝑌(𝑡) aggregate consumption 

Economic output 

• 𝐴(𝑡) state of technology 
• 𝛼 elasticity 

Maximize discounted growth over an infinite horizon 

• 𝛿 subjective discount rate 

State equation 

𝑥 𝑡 = 1 − 𝑥 𝑡 𝑥 𝑡 − 𝑥 𝑡 𝑌 𝑡  

𝑃 𝑡 = 𝐴 𝑡 𝑌 𝑡 𝛼 

 𝑒−𝛿𝑡
𝑃 𝑡

𝑃 𝑡

∞

0

𝑑𝑡 → max 



Model 2: Behavior 

• Ecological factor 

–  Deviation of the resource from perceived optimum level: 
𝑅(𝑡) − 𝑹𝒊 

• Social factor 

– Deviation of current consumption from that of others : 
 (𝒆𝒊  −  𝒆𝒋) 

• Change in consumption rate of user 𝑖 

– 𝑒 𝑖 𝑡 = ecological impact𝑖(𝑡) + social impact𝑖(𝑡) 

How much 
resource is 
available? 

How much 
do others 
consume? 

𝑒 𝑖 𝑡 = 𝒂𝒊(𝑅 𝑡 − 𝑹𝒊) + 𝒔𝒊 𝜔𝑖𝑗(𝑒𝑗 − 𝑒𝑖)

𝑛

𝑖=1

 

psychological variables 

Mathematical description of use-change decisions 
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actuate sense 

decide 

Control mechanisms 
• Social institutions 
• Information 
• Social networks 
• Education 
• Markets 
• Consumption 

quotas 
• Taxation 

Measurements 
• Smart sensing 

technologies 
• IoE 
System Identification 
• Estimation of social & 

psychological variables 

Moral Debates 
• Collective 

welfare 
• Discounting 
• Planning 

horizons 

Social factors 
• Moral/ethical orientations  

(cooperative/competitive) 
• Social network topology 
• Environmental concern 

Environmental factors 
• Resource 

growth/recharge 
• Carrying capacity 
• Natural discharge 
• Catastrophes 

System objectives 
• Sustainable 

development 
• Welfare maximization 

Decision hierarchies 
• Global perspectives 
• Local implementation 
• Cooperative 

solutions 
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