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Some Relevant Challenges of CPS

 Lacking in fundamental theories.  

 e.g. complexity, adaptivity/robustness, verification/certification,  

compositionality, …  

 The conflict between abstractions and reality

 e.g. first-class notions of  Time, Space, Energy, Uncertainty, 

Tolerances, … 

 Very multi-disciplinary (cultural divides)

…
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The Social Divides 

 not just, Cross-Discipline

 Embedded Systems, Software Engineering, Control Theory, 

Mechanical Engineering, … 

 and, Cross-Domain

 i.e.  Energy, Automotive, Aerospace, Medical, …

 but also,  Cross-Sector

 Academia, Industrial, Small Business, Research Funding 

Agencies & Policy Makers, …



Model for Expediting Progress*

 A new underlying 

discipline

 Abstracting from 

sectors to more 

general principles

 Apply these to 

problems in new 

sectors

 Build a new CPS 

community

* Jeannette M. Wing
Former Assistant Director, CISE, NSF
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Who is the VO?  

Industrial Exec Board: Academic Exec Board: 

 Don Winter (Boeing) – Chair

 John Borghese (Rockwell Collins)

 Nady Boules (General Motors)

 Isaac Cohen (United Technologies)

 Richard Buskins (Lockheed Martin)

 Venkatesh K. Prasad (Ford)

 John Reid (Deere & Company)

 David Tennenhouse (New Venture Partners)

 George Pappas (U Penn) – Chair

 John Baras (U Maryland)

 Anjan Bose (WSU)

 Eric Feron (Georgia Institute of Technology)

 Karl Hedrick (UC Berkeley)

 Bruce Krogh (CMU)

 PR Kumar (UIUC)

 Edward Lee (UC Berkeley)

 Insup Lee (U Penn)

 Nancy Lynch (MIT)

 Dimitri Mavris (Georgia Institute of Technology)

 John Mitchell (Stanford)

 Raj Rajkumar (CMU)

 Jack Stankovic (U Virginia)

 Janos Sztipanovits (Vanderbilt, CPS-VO)

 Claire Tomlin (UC Berkeley)

* At ISIS/Vanderbilt we are primarily supporting the web-based Portal, which serves as the electronic

home of this virtual community.  



The Portal’s Contribution

 Publicity 
(e.g. events, research agendas, etc.) 

 Disseminate knowledge
(e.g. research results, challenge 

problems, educational material,  

etc.) 

 Foster collaboration & 

community building 
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Publicity: conferences/seminars 
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Publicity: CFPs, BAAs, Jobs, … 

http://cps-vo.org/
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Publicity:  Research Projects



Disseminate Knowledge
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Where Were We?:  1st ICCPS (Stockholm, 

SE)



Where Were We?:  1st Ntl. PI Meeting



Where Are We?:  2nd ICCPS (Chicago, IL)



Where Are We Going? 



The Deciding Factor

Q.  What‟s missing?

A.   YOU !!!

* Remember this slide.  This will be on the test.  
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A Sneak Preview of Work In-Progress



Publish Website Documentation

 Users Manual

 Group Moderators 

Manual

 Group Administrators 

Policies and Procedures



What are VO SIGs? 

 Group Defined/Scoped
 Calendar

 Document repository

 Search engine

 Other Services 
 e.g. discussion forums, wiki, subscriptions & notifications, email announcements, 

chat, …

 Administrative Staff

 Customizable membership/access/visibility policies

 Distributed site management 
 Hierarchical Groups  (in progress)

* scalable, distributed site management



Coming: Communities of Communities



Coming: Online Meeting Facilitation 



Meetings: Real-Time Document Sharing



Meetings: Desktop Sharing



Longer Term: Open Experimental Platforms

 Move from the document-centric paradigm of File sharing 

to more generalized, ubiquitous sharing of Artifacts.  

Including, for example: 

 Challenge Problems

 Models

 Algorithms

 Simulators

 Tool Suites

 Processes

 Computational Experiments 
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Aaaand:  This is where you come in… 



Your Challenge

 “Do we want to give birth to some electronic 

communities of interest concerned with CPS issues in the 

various fields of transportation?”

  HINT:  this is the point of this talk 

 If interested, the community will need to begin a 

discussion about how to bootstrap itself.  



For Example:

 What are these SIGs 
 Strawman: 

 Transportation
 Automotive

 Aviation

 Rail

 Who is interested
 In playing pivotal, leadership roles with the formation of these groups

 Providing support for building the groups‟ content

 Observing from afar, and possibly providing helpful feedback

 Many Other Issues
 What services are required/desired? 

 What is the vocabulary of the individual SIGs? 



Discussion?  (& Thank You) 





BACKUP SLIDES 



CPS



Cyber-Physical Systems (what are?)

 Are engineered systems that involving a tight conjoining 

between computational components and the physical 

world … 

Especially when many distributed entities–connected by a 

communications fabric–work together to exhibit complex 

and intelligent behaviors.  

“Systems you can bet your life on.”



Your Field 2.0 ?



VO Mission Statement

 The next industrial revolution is inspired and driven by the emergence of a new generation of engineered 
systems: Cyber-Physical Systems (CPS). Such systems use computation and communication deeply embedded 
in and interacting with physical processes to transform the behavior and capabilities of physical systems. 
CPS is not about adding computing and communication equipment to conventional products where the 
computing and physical sides maintain their separate identities. In CPS, functionalities are emerging from the 
networked interaction between computing and physical systems.The range of CPS products spans from the 
minuscule (e.g. pacemakers) to the large-scale (e.g. cars, airplanes) and include systems that our life depends 
on (e.g. the national power-grid). 
Complexity of their design demands new scientific foundation - a new CPS Systems Science - that requires 
the synthesis of knowledge across many science and engineering disciplines including computing, networking, 
control, security, human interaction, learning theory, as well as mechanical, chemical, biomedical, and other 
engineering disciplines.
The objective of the National Science Foundation established CPS Virtual Organization (CPS-VO) is to 
actively support the formation of a multidisciplinary community and to facilitate broadly based collaboration 
on CPS. 

“CPS will transform how we interact with the 
physical world just like the Internet transformed 
how we interact with one another.”



PROJECT

GOALS / SERVICES



High-Level Goals

 Community Building

 Collaboration Support

 Technology Transfer & Translational Research

 International Collaboration



CPS-VO Strategic Thrusts
 Continuous Community Building Efforts

 Bring people together; recruit new members (e.g. travel to related industry and academic gatherings in order to publicize 
VOCYPHER) 

 Domain-Specific Knowledge Repository

 Document archival/registration service

 Design, implement & evolve standard ontologies and less formal folksonomies for the CPS community (&sub-communities)

 Domain-aware, semantically enabled search services

 Directory Services, Matchmaking, Bookmarking Services, Personalized Alerts 

 Semantically driven, data mining services and content aggregators

 Electronic Communications 

 discussion forums, mailing lists, file sharing, wikis, instant messaging, blogs/podcasts, event calendars 

 virtual meetings and electronic transcripts for related seminars/conferences

 dynamic community formation (a.k.a. Special Interest Groups)

 Electronic Collaboration

 CPS-related Challenge Problems 

 Online Experimentation (e.g. Emulab-inspired Cyber-Physical Computation/Simulation Infrastructure)

 Publish/Review Results

 * builds  upon SPRUCE experiences and technologies   (as well as C2Wind Tunnel)

 Education and Dissemination

 Download CPS-specific Technologies and Tool Suites

 Seminars, Workshops, Tutorials & Electronic Coursework

 Professional Development  (e.g. postdoc announcements) 



IMPLEMENTATION

TECHNOLOGY



Portal Requirements

 User Management

 Authentication 

 User Profiles

 Directory Services

 Communications 

 Events Calendar

 News Stories

 Instant Messaging

 Blogs & Podcasts

 RSS/Atom Feeds 

 Misc. “Social Networking”

 Collaboration

 Communities of Interest

 Group Permissions Mgmt

 Features Availability 

 Content Visibility 

 Group Moderation

 Mailing Lists

 Forums

 Wikis

 File Sharing 



Key Features of Drupal CMS

 Open source, with massive installation base and 

developer community

 Custom Type Systems

 Taxonomies

 Revision Control

 Workflow Management

 Role-Based Permission Schemes

 Well designed architecture and APIs



Example Sites Using Drupal

 AOL Corporate

 Yahoo! Research

 Sony Music

 Warner Brothers

 The Economist

 United Nations

 European Union

 NATO

 The White House



e.g. Drupal Modules

 CCK

 User Profiles

 Organic Groups

 Discussion Forums

 File Browser

 Messaging (e.g. email)

 Content Notifications

 Faceted Search

 Workflow

 Triggers and Actions

 Captcha

 WYSIWYG Editor

 Webdav

 Delicious Bookmarking

 Antivirus 

 Biblio

 Chat

 Blog

 Bitcache (distrib content)

 Client-Side Encryption



COMMUNITY

EVENTS



Y1: Primary Community Events

 1st International Conference on CPS 
Apr 2010,  Stockholm, Sweden

 CPS Community Forum: US-EU Institutional Panel

 Emerging Applications in CPS Workshop

 US-EU Panel on Industrial Challenges in CPS 

 1st National CPS PIs Meeting
Aug 2010,  Arlington, VA 

 Supported the Education Workshop 
(Chair: Ed Lee @ UC Berkeley) 

 2nd International Conference on CPS
Apr 2011,  Chicago, IL

 CPS Community Forum  (planning stages)





Y1: Additional Community Events

 2010 European Summer School on Embedded Systems

 MODELS 2010 

 ES Week 2010 (incl. „Education‟ Workshop) 

 DAEC Workshop @ RTSS 2010 



VOCABULARIES



Semantic Repository

 Official home of the CPS community‟s historical artifacts 

 Explicit meta-data characterizing CPS related documents 

and community events

 An integrated CPS-specific search engine



What is a Semantic Repository?

 Document archival/registration service

 Design, implement & evolve standard ontologies and 
less formal folksonomies for the CPS community (& 
sub-communities)

 Domain-aware, semantically enabled search services

 Directory Services, Matchmaking, Bookmarking 
Services, Personalized Alerts 

 Semantically driven, data mining services and 
content aggregators



e.g. ICCPS 2010 Artifacts



Meta-Data



Taxonomies



Taxonomic Browsing



Taxonomic Search







SPECIAL 

INTEREST 

GROUPS



Portal Requirements

 User Management

 Authentication / Pedigree 

 User Profiles

 Directory Services

 Communications 

 Events Calendar

 News Stories

 Instant Messaging

 Blogs & Podcasts

 RSS/Atom Feeds 

 Misc. “Social Networking”

 Collaboration

 Communities of Interest

 Group Permissions Mgmt

 Features Availability 

 Content Visibility 

 Group Moderation

 Mailing Lists

 Forums

 Wikis

 File Sharing 



‘Groups’ Architecture 

 Goal:  Easily construct „mini-websites‟

 Templates for group types (e.g. SIGs, Conference Planning, 
Conference Proceedings, Research Centers, … ) 

 Customizable membership/access policies

 Distributed site management 

 Group Defined/Scoped
 Administrative Staff 

 Document repositories

 Calendar 

 Taxonomies/terminology & search engine

 Other Services 
 e.g. forums, chat, subscriptions & notifications, email announcements, …  

 Hierarchical Groups  (in progress)

* scalable, distributed site management



Y1: Initial Special Interest Groups Seeded

 National PI Meeting Planning/Archival 

 NSF CPS Principal Investigators

 The Science of Security

 The Automotive Group

 Science of Integration  



MATCHMAKING



In Progress: 

Community Directory

 Register all NSF CPS Principal Investigators

 Document individual members‟ interests and expertise 

(i.e. formal meta-data) 

 Adequately catalog current NSF CPS Program research 

projects

 Implement social networking type features

 e.g. “matchmaking” for subject matter experts, 

 “bookmarking” services, 

 …  



USER 

INTERFACE





EDUCATION



Phase II Concentrations

 Continuous Community Building Efforts

 Bring people together; recruit new members (e.g. travel to related industry and academic gatherings in order to publicize VOCYPHER) 

 Domain-Specific Knowledge Repository

 Document archival/registration service

 Design, implement & evolve standard ontologies and less formal folksonomies for the CPS community (&sub-communities)

 Domain-aware, semantically enabled search services

 Directory Services, Matchmaking, Bookmarking Services, Personalized Alerts 

 Semantically driven, data mining services and content aggregators

 Electronic Communications 

 discussion forums, mailing lists, file sharing, wikis, instant messaging, blogs/podcasts, event calendars 

 virtual meetings and electronic transcripts for related seminars/conferences

 dynamic community formation (a.k.a. Special Interest Groups)

 Electronic Collaboration
 CPS-related Challenge Problems 

 Online Experimentation (e.g. Emulab-inspired Cyber-Physical 
Computation/Simulation Infrastructure)

 Publish/Review Results

 * builds  upon SPRUCE experiences and technologies   (as well as C2Wind Tunnel)

 Education and Dissemination
 Download CPS-specific Technologies and Tool Suites

 Seminars, Workshops, Tutorials & Electronic Coursework

 Professional Development  (e.g. postdoc announcements) 


