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Top-Down Approach

GENI: Global Energy Network Institute

• Energy grid as a distribution 
network
• Focus on the topological 

complexity

Graph:
•Vertices are physical nodes
• Edges are physical connections
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Future Energy Grid
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Intelligence pushed to the edge of the system
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Local system:

• Improve efficiency, reliability, QoE
•+ control, - uncertainty (load control vs renewable energy production)

Cyber-physical system defined as the 
aggregation of many heterogeneous 
sub-systems: consumer, algorithms, 
appliances,...

Consumer is a driving 
component for the 
dynamics of the system



3

Graph: Local system
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Logical Graph:
•Vertices are logical states
•Edges are state transitions
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Modeling and control the dynamics of local systems
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Local System: consumer
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Graph analysis:
•Consumer classification
•Identification of critical “points”

Graph control:
•Traditional EMS functionalities 
(sensing, control)
•Feedback as a control signal to 
steer the “trajectory” of the 
consumer
•Compliance•Build reference models

•Classification from available 
information
• State identification - trajectory analysis
•Control (feedback)

Joint consumer-system control
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Residential Demand Response
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Instantaneous 
request

scheduled

Tradeoff: consumer dissatisfaction - financial cost 
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Some results
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Model 1
Model 2

Classification:
Detection probability as a function of time

State classification:
Detection probability as a function of the 
consumer state
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Grid-Wide
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Aggregation of local logical graphs

• Intrinsic regularity of logical graphs
•Complexity reduction by graph sampling/projection
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Wavelets − prediction Wavelets anomaly

Compact representation 
based on graph wavelets

•Large(r)-scale prediction 
•Analysis (identification of critical design criteria for components)

Complexity
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Conclusions
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• Smart grid introduces complexity at the local scale 
behavior: system dynamics
•Analysis of dynamics/interactions based on graph 

representation (local/larger scale)
•Compression/complexity reduction is possible


