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•What is UCEF?
• Selected Use Case: Transactive Energy Challenge
•UCEF 1.0.0-BETA Features
•Collaboration Opportunities
•Video Demonstration
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Agenda



What is UCEF?
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• A software tool that allows users to graphically compose its supported 
simulators into a runnable experiment:

• UCEF is intended to make it easier for researchers to design and run CPS 
experiments without experience in distributed simulation.
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Universal CPS Environment for Federation 
(UCEF)

Distribution Grid Simulation Energy Management System

Example Experiment



UCEF uses the High Level Architecture (HLA), an IEEE 
standard that defines the services a set of federates
can use in a federation.
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IEEE 1516-2010 High Level Architecture (HLA)

Federation

HLA Services

Runtime Infrastructure (RTI)

Federate Federate Federate



• A wrapper is software that defines the method of time synchronization 
and data exchange used for a simulator in a federation.

• A simulator with a wrapper can be re-used in multiple federations:
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Software wrappers integrate new things into 
UCEF

Simulator Wrapped 
Simulator+ =Wrapper

High Level Architecture (HLA)
portico

High Level Architecture (HLA)
portico



A Java library designed to be:
• Usable with limited HLA expertise
• Easily integrated with new things
• Agnostic to the federation data model

UCEF Gateway is used to create new 
wrappers
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C++
OMNeT++

COA

Desired Simulators

UCEF Gateway
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UCEF is a portable HLA development 

environment

UCEF

High Level Architecture (HLA)
portico

Web-based Generic
Modeling Environment

C++

mix & match

code generate



File Explorer

Eclipse IDE

WebGME

Chrome

Terminal
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UCEF Virtual Machine

Ubuntu 16.04 Desktop 64-bit virtual machine

Requires 4 GB of RAM and 20 GB of hard disk space

Limited support for Windows 10 versions using Hyper-V



• The graphical language used to design federates:

• The federates designed in this language are transformed into 
executable code/simulation models using code generation.
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Web-based Graphical Modeling Environment 
(WebGME)
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Example WebGME Federation



WebGME
Model
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WebGME Code Generation

Wrappers

Federates

Federations
deployment

exporter

federate
exporter

contains java code,
simulation models, …

contains run scripts,
configuration files, …



Selected Use Case
Transactive Energy Testbed
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Transactive Energy (TE) is a metaphor for the changing nature of the 
business and technical dimensions of the distribution of electric power. 
Transactive energy is a new approach for managing the electric power 
distribution system based on principles of economic value, with 
engineering constraints.
• Purpose: 

• Measuring performance of the grid to assess different market-based grid-control 
mechanisms.
• Measure the performance differences between fixed price, time of use, real-time price, and 

dynamic bidding on UCEF Testbed.

• Scope:
• Utilize the CPS Testbed to simulate transactive energy models varying the grid, control 

algorithms, and market designs.
• Implement the Abstract Component Model for Transactive Energy in UCEF
• Allows separate federate models that can be composed for various scenarios.
• Separate models for loads, generators, grid, local controllers (e.g. thermostat), 

supervisory controllers (bas or ha system), weather, transactive agents
• For each pricing scheme a separate supervisory controller/transactive agent pair is 

constructed to model the behavior

Purpose and Scope
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• The TE Challenge Component Model was designed to mix and match 
components from different simulation environments, platforms, scale and 
location.
• The HLA Publish and Subscribe mechanism focuses on the data exchanged and 

the name of the published instance which is decoupled from the software 
components that emit and consume them.
• This allows:

• One simulation to be run the same way regardless of how many different kinds of loads, 
controllers, and markets are present.

• The uniform capture of all data exchange supports a single method of running  the 
simulation and postprocessing on any experimental instance.

• UCEF has:
• GridLAB-D Federate Model that allows simple to complex grid models to simulated
• Ucef-database Federate Model provides for universal data acquisition for results analysis
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Advantages of using UCEF for this experiment



• Powerful discrete event simulator for Smart Grid from PNNL
• C++ based solver can solve very large grid models with very few computing 

resources
• Tested and validated models of most grid components

• Simple Federate Model
• Configuration file contains description of interactions and objects published and 

subscribed.
• Mapping to GridLAB-D object model components in XML
• Drop in and use like any other federate in WebGME
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Gridlab-D



• Simple Federate Model
• Gets a configuration file describing all interactions and objects
• Listens on the HLA bus
• Creates one table per information component published by any federate
• Records time ordered results of message traffic
• Each experiment creates own schema

• MySQL Database
• Default database – can be modified to other Java SQL Connections
• MySQL Workbench included in UCEF
• Database Tools transform SQL into JSON objects for later processing
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UCEF-Database
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UCEF 1.0.0 BETA

23



• Supported Wrappers
• Java
•C++
•MySQL
• LabVIEW
•GridLAB-D

•Other Tools
•WebGME
•Course of Action
•Gateway Library
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UCEF 1.0.0 BETA Feature List
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UCEF Release Timeline

UCEF 1.0.0 Alpha

C++
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UCEF 1.0.0 Beta

MySQL

LabVIEW

GridLAB-D

Gateway

Course of Action

Future Direction

Wrapper Library

Federate Library

Experiment Library



Collaboration and
Future Webinars



• For General Information on UCEF:
• NIST UCEF Information: https://www.nist.gov/el/cyber-physical-systems/ucef-

universal-cps-environment-federation

• For Collaboration and Technical Developer Details:
• NIST UCEF Collaboration Site: https://pages.nist.gov/ucef/

• For Source Code and Building / Downloading the UCEF Virtual Machine:
• UCEF Development Site: https://github.com/usnistgov/ucef
• UCEF Virtual Machine Issues List: https://github.com/usnistgov/ucef/issues

• For Email List Discussion (New)
• UCEF Mail List: ucef+subscribe@list.nist.gov
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Collaborate with us!

https://www.nist.gov/el/cyber-physical-systems/ucef-universal-cps-environment-federation
https://pages.nist.gov/ucef/
https://github.com/usnistgov/ucef
https://github.com/usnistgov/ucef/issues
mailto:ucef+subscribe@list.nist.gov
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NIST Site for UCEF
https://www.nist.gov/el/cyber-physical-systems/ucef-universal-cps-environment-federation

https://www.nist.gov/el/cyber-physical-systems/ucef-universal-cps-environment-federation
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UCEF Collaboration Site
https://pages.nist.gov/ucef/

https://pages.nist.gov/ucef/
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Developer Resources
https://pages.nist.gov/ucef/development/

https://pages.nist.gov/ucef/development/
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Source Code and Building
https://github.com/usnistgov/ucef

https://github.com/usnistgov/ucef
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Technical Library
https://pages.nist.gov/ucef/library/

https://pages.nist.gov/ucef/library/


Third Thursday of Each Month, 12:00 P Eastern Time, Beginning October 18.

These components are part of the UCEF 1.0.0 BETA Platform:

• UCEF Gateway – rapid development adaptor to UCEF Platform

• GridLAB-D™ – Powerful re-usable Federate based on ucef-gateway to 
integrate PNNL Power System simulator

• Database – UCEF database federate and tools to automate software-less data 
capture from federated experiments

• LabVIEW™ – Integrate hardware and simulations using National Instruments 
LabVIEW platform, a re-usable federate based on the ucef-gateway

• Courses of Action (COA) – graphical experiment orchestration language in 
WebGME
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Upcoming UCEF Webinars (one per month)



Demonstration Videos
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UCEF Work Flow
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Model the 
federate

Generate 
the code

Implement 
the code

Run the 
federation

• Choose the federate type
• Create/import objects and interactions
• Define publications and subscriptions

• Import the generated code into Eclipse
• Implement the TODO comment blocks

• Run the Federates Exporter
• Run the Deployment Exporter



WebGME Model Components

Wrapped Simulators Message Types
publishes

sub
scri

bes
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WebGME Modeling Flow
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This video illustrates how 
to use WebGME to create 
a federation and generate 

code.
https://s3.amazonaws.com/nist-

sgcps/UCEF/videos/CreateAPingPongFederationAndCode.mp4
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https://s3.amazonaws.com/nist-sgcps/UCEF/videos/CreateAPingPongFederationAndCode.mp4
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UCEF Work Flow
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Model the 
federate

Generate 
the code

Implement 
the code

Run the 
federation

• Choose the federate type
• Create/import objects and interactions
• Define publications and subscriptions

• Import the generated code into Eclipse
• Implement the TODO comment blocks

• Run the Federates Exporter
• Run the Deployment Exporter



Code Generation: Subscriptions

private void handleInteractionClass(Subscription interaction) {
///////////////////////////////////////////////////////////////////////////
// TODO implement how to handle reception of the interaction
//
//    double input1 = interaction.get_input1();
//    int input2 = interaction.get_input2();
//////////////////////////////////////////////////////////////////////////

}
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Code Generation: Publications

////////////////////////////////////////////////////////////////////////////////////////
// TODO send interactions that must be sent every logical time step below.
// Set the interaction's parameters.
//
//    Publication vPublication = create_Publication();
//    vPublication.set_output( < YOUR VALUE HERE > );
//    vPublication.sendInteraction(getLRC(), currentTime + getLookAhead());
////////////////////////////////////////////////////////////////////////////////////////
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This video illustrates how to 
use the Eclipse IDE to add 
behavior to the PingPong

federation and run the resulting 
code.

https://s3.amazonaws.com/nist-
sgcps/UCEF/videos/CompilingEditingRunningPingPong.mp4
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https://s3.amazonaws.com/nist-sgcps/UCEF/videos/CompilingEditingRunningPingPong.mp4


• For General Information on UCEF:
• NIST UCEF Information: https://www.nist.gov/el/cyber-physical-systems/ucef-

universal-cps-environment-federation

• For Collaboration and Technical Developer Details:
• NIST UCEF Collaboration Site: https://pages.nist.gov/ucef/

• For Source Code and Building / Downloading the UCEF Virtual Machine:
• UCEF Development Site: https://github.com/usnistgov/ucef
• UCEF Virtual Machine Issues List: https://github.com/usnistgov/ucef/issues

• For Email List Discussion (New)
• UCEF Mail List: ucef+subscribe@list.nist.gov
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Collaborate with us!

https://www.nist.gov/el/cyber-physical-systems/ucef-universal-cps-environment-federation
https://pages.nist.gov/ucef/
https://github.com/usnistgov/ucef
https://github.com/usnistgov/ucef/issues
mailto:ucef+subscribe@list.nist.gov

