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The Energy Revolution: Big Picture

From centralized to a
decentralizedanddistributed
energy systems

Changing Generation M|] Transactive Energ}y

Electrical Carf Decentralization
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The control picture has not changed

Centralized SCADA

supported by a
utility company
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The control picture has not changed
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RIAPS Vision

Comrrgunication Network
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Example Power System:
IEEE 30 bus system
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RIAPY¥Ision

e

b i e e A Push computation to the

. Example Power System:

IEEE 30 bus system e d g e

A Enable common technology
stack across the ecosystem

A Provide core services to
enable therapid
development ofsmartapps

Control Room
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RIAPS Software Platform

A At the core of the RIAPS visiormiseusable
technologystack to runSmart Grid applications
A software platform defines:

I Programming model (for distributed reaime
software) on embedded nodafispersed throughout
the power grid

I Services (for application management, fault tolerance,
security, time synchronization, coordination, etc.)

I Development toolkit (for building and deploying
apps)
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A Reusablé&oftware Platform for Smart Grid

Applications

Remedial Action Microgrid State Data Energy Distributed
Scheme Management Estimation Analytics Management SCADA

Component Framework Platform Managers

mponent In ion Lifecycle Management
Component messaging Initialize, Start, Stop,
Checkpoint, Destroy

Application Manager Coordination Manager
Deployment Service Distributed Coordination Service
Application Management Service
Component Schedulin

Language Run-time
FIFO, Priority, EDF

Discovery Manager Time Manager
C/fC++, etc.

Broker Service Time Synchronization Service
Resource Management Security

Resource Manager Device Manager
Resource Management Service

Access control Resource Management Service

Secure Communications Fault M .
EE.UIIME.D.EEE.UJ.EDI Secure Information Flows au anager S.EE.U.EII!LM.E.DHEEI
Fault Management Service

Fault Management Service Security Management Service

Device Interface Service

Logging Persistence Log Manager Persistence Manager
Logging Service

Persistence Service Logging Service Persistence Service

0S Kernel

Hardware Platform
Deveclliistaes Network Interface(s) Storage
(Sensors/Actuators/Communications/GPS/...) g
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Core RIAPS Concepts: RIAPS Syste

A RIAPS Nodes: Networked Embedded Computers
A Applicationsconsists ofictorsthat containcomponents

A Component communicate and interact using wadfined
patterns: publish/subscribe + client/server

A Expected scale~1072 nodes

RIAPS Node 1 | | : RIAPS Node 2 | RIAPS Node 3
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Design: Component Framework

A Software componentare the reusable
building blocks of applications (actors
group them into a single process) Receiver

A Components have state and interact *

OO 6 ©
Operations
Sender

viaports
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I Servenof client requests
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i Clientof servers |
A Components are singliaireaded: one | C°"""°"e“t | ‘
operation at a time
A Components are triggered by the
arrival of amessagearequest or a }  Component triggering logic is
timer event encapsulated in a function that can

iInclude complex decisions
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Benefits: Reusable components + concurrency is handled in the framework (not in the
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Design: Component Framework

Example: 3 actors, with 2+1+1
components, interacting via
pub/sub and client/server patterns

Implementation languages:

Python, C++
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