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Soremenes Of Collaborative Systems of Systems

Relative Comparison of the Rate of Convergence

e Introduction

* Modelling Approach
e Conceptual Dynamic Bayesian Network

* |nitiatives to Counter Improvised Explosive Devices as a
System of Systems

e Factors which influence convergence of functionality
e Constituent systems and Metrics of functionality

e U.S. Smart Grid as a System of Systems
e Factors which influence convergence of functionality
e Constituent systems and Metrics of functionality
* Representative model of the System of Systems

* Expected Results
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e Several industries including Defense, Transportation, Health Care and Energy are pursuing
increasingly ambitious functionality through Systems of Systems

* The functionality evolves over time to provide a highly sophisticated and integrated capability

e System of Systems engineers need to be able to describe the status of the System of Systems to
stakeholders and customers

* This presentation describes a modeling approach which will quantify the relative rate of
convergence of a System of Systems

 The model will incorporate representations of factors which influence the rate of convergence

e Observations from analyzing multiple case studies will be instrumental for refining the construct
of the model and the representation of the factors

e The analysis will focus on documented, incremental functionality of System of Systems such as
the Smart Grid and the operational infrastructure created collaboratively by the Joint Improvised
Explosive Device Defeat Capability Approval and Acquisition Management Process

 The model will advance the state of the art of architecting System of Systems by improving the
ability to describe current and forecasted functionality

* Itis envisioned that the convergence metric will provide translation of technical progress to
business capability that can be used to communicate status to stakeholders and customers and
be used to make comparative decisions among competing Systems of Systems.



| il

.. THE GEORGE

sy [\ 0delling Approach — Dynamic Bayesian Network

—
PN wasHINGTON, DC

e |dentify Quantifiable Factors which Influence the Rate of Convergence
e Policy — Legislation, Directives, Control Documents, Vision Statements
e Societal — Public or Subversive Support or Resistance
 Economic — Financial/Quantifiable Factors to Close the Business Case
e Technological — Capability to Interoperate, Capacity to Contribute

e Specify the Systems and the System of Systems; Determine Metrics
for Functionality

e Construct Relative Conditional Tables for each System Based on
Relevant Observations or Expert Elicitation

 Validate the Model; Use the Model to Explore Contributions of and
Dynamics with the Factors which Influence

Dynamic Bayesian Networks are Directed Acyclic Graphical
models of Stochastic processes
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NIST Smarl Grid Framework 1.0 January 2010

Office of the National Coordinator for Smart Grid Interoperability. (2010). NIST Framework and Roadmap for Smart Grid Interoperability Standards.
Retrieved from NIST Public Affairs: http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability_final.pdf
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Expected Outcomes

e Application of a Dynamic Bayesian Network to evaluate convergence
will advance the state of the art of architecting System of Systems

* The model will improve the ability to describe current and forecasted
functionality

* A convergence metric will be developed to:

e Provide translation of technical progress to business capability in order to
communicate status to stakeholders and customers

e Make comparative decisions among factors influencing the convergence of
Systems of Systems.
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Contact Information

* Bernie Collins

e bfcollins@gwu.edu
e (571)274-8826

* Dr. Steve Doskey
e sdoskey@gwu.edu

e Dr. James Moreland
* imorelan@gwu.edu



mailto:bfcollins@gwu.edu
mailto:sdoskey@gwu.edu
mailto:jmorelan@gwu.edu

THE GEORGE

el References

—
TN wasHINGTON, DC

124th Maine State Legislature. (ZOl(y. MainelLegislature.Org. Retrieved from Public Law, Chapter 539 LD 1535, Item 1: An Act to Create a
Smart Grid Policy in the State: http://mainelegislature.org/legis/bills/bills_124th/chappdfs/PUBLIC539.pdf

Doskey, S. C. (2014). A Measure of Systems Engineering Effectiveness in Government Acquisition of Complex Information Systems: A
Bayesian Belief Network-Based Approach (PhD, THE GEORGE WASHINGTON UNIVERSITY). ProQuest Dissertations and Theses

Gorod, A., Sauser, B., & Boardman, J. (2008). System-of-Systems Engineering Management: A Review of Modern History and a Path
Forward. Systems Journal, IEEE, 2(4), 484-499.

Guo, H. (2002). Dynamic Bayesian Networks. Kansas State University, Department of Computing and Information Sciences.

Maine Office of the Public Advocate. (2012). Maine.gov. Retrieved from Smart Grid/Meter Info:
http://www.maine.gov/meopa/utilities/electric/smartgrid.html

Mihajlovic, V., & Petkovic, M. (2001). Dynamic Bayesian Networks: A State of the Art.

Office of the Deputy Under Secretary of Defense for Acquisition, Technology and Logistics, Systems and Software Engineering. (2008).
System Engineering Guide for Systems of Systems.

Office of the National Coordinator for Smart Grid Interoperability. (2010). NIST Framework and Roadmap for Smart Grid Interoperabilit
Standards. Retrieved from NIST Public Affairs: http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability final.pd

Paladino, J. (2014). Energy.gov. Retrieved from Progress and Results from ARRA Smart Grid Programs:
http://energy.gov/sites/prod/files/2014/10/f18/01Keynote-JPaladino.pdf

Pietsch, P. (2011). Demand Responses Smart Grid. Retrieved from Demand Response & Smart Grid - State Legislative and Regulatroy Policy
Action rReview: May 2010 - June 2011:
http://www.demandresponsesmartgrid.org/Resources/Documents/State%20Policy%20Survey/2010%20-
%2011%20DR%20%20SG%20State%20Policy%20Survey 11%2007%2007_FINAL%20(2).pdf

Tettlebaum, B. (2015). Conservation Law Foundation. Retrieved from Smart Moves for Maine's Electricity Grid:
http://www.clf.org/blog/clean-energy-climate-change/maine-electricity-grid-alternatives/

U.S. Department of Energy. (2010, December). Recovery Act: Smart Grid Investment Grants. Retrieved from Energy.Gov:
http://www.energy.gov/oe/technology-development/smart-grid/recovery-act-smart-grid-investment-grants

U.S. Energy Information Administration. (2008 - 2013). Data from Annual Electric Industry Report.
U.S. Government Accountability Office. (2013). Defense Acquisitions: Assessment of Selected Weapon Programs; GAO-13-295SP.



F_
». THE GEORGE

y i Credits for Images (Page 1 of 2)

—
N waAsHINGTON, DC

e amymillsmusic. (2013). Amy Mills Music. Retrieved from www.amymillsmusic.com: https://www.amymillsmusic.com/?attachment_id=446

e BC Centre for Disease Control. (2014). Smart Meters. Retrieved from BC Centre for Disease Control:
http://www.bccdc.ca/healthenv/ElectromagFields/RadioFrequency/SmartMeters.htm

e Bush, G. W. (2007). Homeland Security Presidential Directive/HSPD-19. Retrieved from HSDL.org: https://www.hsdl.org/?view&did=471864

e Cordesman, A., Allison, M., & Lemieux, J. (2010). /IED Metrics{orAfghanistan. Washington, D.C.: Center for Strategic & International Studies. Retrieved
from http://csis.org/files/publication/101110 _ied_metrics_afghanistan.pdf

e Darack, E. (2008). How IEDs Work. Retrieved from How Stuff Works: http://science.howstuffworks.com/ied1.htm

* Du, Y, & Turner, M. (2012). Kentucky's Smart Grid Roadmap. Retrieved from Kentucky Public Service Commission:
http://psc.ky.gov/pscscf/2012%20cases/2012-
00428}ijncorporated%ZOby%ZOorder%2020121001%20kentucky%205mart%20grid%20roadmap%20initiative/KYSGRM_FinaI.pdf

* Energy Business Regorts. (2011). Smart Grid Demonstration Projects and Utility Programs. Energy Business Reports. Retrieved from
http://www.energybusinessreports.com/Smart-Grid-Demonstration-Projects-and-Utility-Programs.html?v=1

e England, G. (2006). DoD Directive 2000.19E: Joint Improvised Explosive Device Defeat Organization (JIEDDO). Washington, D.C.: DoD.

* Harris, G., & Tebbutt, N. (2011). AMI - Technology Overview (Slide 23 of 66). Retrieved from SlideShare:
http://www.slideshare.net/NigelTebbutt/abiliti-smart-cities-of-the-future-programme-1st-contact-pre-nda2007-final

e JIDA. (2014). The Counter-IED Fight in Pictures. Retrieved from The Official Website of the Joint Improvised -Threat Defeat Agency:
https://www.jieddo.mil/

* Maine Public Unilities Commission. (2012). Report on Cyber-Security and Privacy Issues Relating to Smart Meters. Retrieved from Office on the Main
Public Utilites Commission: http://www.maine.gov/tools/whatsnew/attach.php?id=345444&an=1

e Marine Corps Community Services. (2015). MCCS Civilian Careers. Retrieved from USMC-MCCS.ORG: http://www.usmc-mccs.org/index.cfm/careers/

* Obama, B. (2013). Countering Improvised ExFlosive Devices. Retrieved from WhiteHouse:
https://www.whitehouse.gov/sites/defauIt/ iles/docs/cied_1.pdf



THE GEORGE

i Credits for Images (Page 2 of 2)

—
TN wasHINGTON, DC

* Patacsil, J. (2013). Sustaining Eleven Years of Counter-Improvised Explosive Device Relevancy for Tomorrow's War. DTIC.mil.
Retrieved from http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=htm|&identifier=ADA601583

e Robinson, M. (2015). Advanced Energy Technology of the Week: Advanced Metering Infrastructure (AMlI). Retrieved from
Adnvanced Energy Perspectives: http://blog.aee.net/advanced-energy-technology-of-the-week-advanced-metering-infrastructure-
ami

e SkyVision Solutions, Consumer Protection Advocate. (2015). Smart Meters ‘Wide Open’ to Cyber Attacks That Can Cause ‘Havoc’

Says Hacking Expert. Retrieved from Smart Grid Awareness: http://smartgridawareness.org/2015/09/21/smart-meters-wide-open-
to—cyber—attack/g

e U.S. Department of Energy. (2012). Operations and Maintenance Savings from Advanced Metering Infrastructure - Initial Results.
Retrieved from energy.gov: http://energy.gov/sites/prod/files/AMI_Savings_Dec2012Final.pdf

e U.S. Department of Energy. (2013). Smart Grid Investment Grant Program Progress Report Il. Washington, D.C.: U.S. Department of
Energy. Retrieved 2015, from http://energy.gov/sites/prod/files/2013/10/f3/SGIG_progress_report_2013.pdf

e U.S. Department of Energﬁ/. (2014). Energy.gov. Retrieved from Recovery Act: Smart Grid Investment Grants:
http://energy.gov/oe/technology-development/smart-grid/recovery-act-smart-grid-investment-grants

e U.S. Department of Energy. 32014). 2013 Smart Grid System Report: Report to Con?ress. Washington, D.C.: DOE. Retrieved from
http://energy.gov/sites/prod/files/2014/08/f18/SmartGrid-SystemReport2014.pd

e U.S. Energy Information Administration. (2007 - 2013). Smart Grid Data. Washington, D.C.: U.S. EIA.

* Wikipedia. (1997). Osama bin Laden. Retrieved from https://en.wikipedia.org/wiki/Osama_bin_Laden

e Wikipedia. (2015). Counter-IED Equipment. Retrieved from Wikipedia: https://en.wikipedia.org/wiki/Counter-IED_equipment
e WordItOut. (2015). Make a word cloud. Retrieved from WordItOut: http://worditout.com/word-cloud/make-a-new-one



e S e 8

NamaStar

Bernie Collins, Ph[{)’-‘ ‘



	Relative Comparison of the Rate of Convergence of Collaborative�Systems of   Systems:�A Quantified Multi-Case Study
	Relative Comparison of the Rate of Convergence�of Collaborative Systems of   Systems
	Introduction
	Modelling Approach – Dynamic Bayesian Network
	Conceptual Dynamic Bayesian Network
	Counter – Improvised Explosive Device SOS�Factors which Influence
	Counter – Improvised Explosive Device SOS�Systems and Functionality
	U.S. Smart Grid Framework
	Smart Grid - Factors which Influence
	Smart Grid – Factors which Influence AMI Deployment
	Smart Grid AMI – Phased SOS Deployment
	Dynamic Bayesian Model of Smart Grid
	Expected Outcomes
	Contact Information
	References
	Credits for Images (Page 1 of 2)
	Credits for Images (Page 2 of 2)
	NamaStar: the Ultimate SE/PM Challenge

