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Data Drives 21st Century Innovation 

Safety and 
Security  

Transformative strategies for 
disease treatment and well-

being 

Research 
Insights 

Efficient Physical 
Infrastructure 

Broad spectrum of goods  
and services 

http://upload.wikimedia.org/wikipedia/commons/4/42/WebMD_logo.png
http://upload.wikimedia.org/wikipedia/commons/6/62/Amazon.com-Logo.svg
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Data infrastructure necessary 
for data-driven innovation 

Data discoverability tools 

Data access via portals, science gateways, etc. 

Database and data collection systems 

Data services to support use and re-use 

Data analysis algorithms, data-driven models and simulations 

Data visualization tools 

Semantic frameworks  

Data management systems 

Data storage  

Expert assistance for data-oriented applications, … 
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What can we do to accelerate the 
development of effective data 
infrastructure needed for 21st 

century innovation? 

Data-driven Innovation 

 
 

 
Data Infrastructure 

Technical Infrastructure 
SW and systems, Tools and 
algorithms, Hardware and 

facilities 

Social Infrastructure 
Policy, Practice, Standards, 

Rights, Community 
 culture 

http://openclipart.org/people/cybergedeon/eco_green_watering.svg
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What is needed for effective 
infrastructure? 

“Historical infrastructures – 
[transportation], electrical grids, 

railways, telephony and most 
recently the Internet – become 
ubiquitous, accessible, reliable, 

and transparent as they mature.” 

Understanding Infrastructure:  Dynamics, 
Tensions, and Design, January 2007 

Systems 
Interoperability 

Policy 

Sustainable  
Economics 

Common  
Standards 

Traffic Image:   
Mike Gonzalez 

Community Practice 

http://upload.wikimedia.org/wikipedia/commons/7/7a/Keio_Bus_J315.jpg
http://upload.wikimedia.org/wikipedia/commons/7/75/Makati_intersection.jpg
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Today’s Presentation:  Emerging Efforts in the 
Development of Effective Data Infrastructure 

Global Data 
Infrastructure 

How do we 
accelerate open 

access data sharing 
and exchange? 

National Data 
Infrastructure 

How do we support 
stewardship and 

preservation of publicly 
accessible research 

data? 
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Data Sharing Drives New Discovery 
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Data Sharing is a 
Global Issue 

Science, Humanities, Arts 
Communities 

Cyberinfrastructure  professionals, 
data analysts, data center staff, … 

Data 
Scientists 

Libraries, Archives, 
Repositories, Museums 



Fran Berman 

Communities Coming Together to Build 
Infrastructure and Increase Impact 

Now 25 years old, the Internet Engineering Task 
Force’s mission “to make the Internet work better” 

has resulted in key specifications of Internet 
community standards that support innovation 

Development of a public access to shared data 
collection enabling new results for Alzheimer’s 

Development and adoption of 
 parallel communication protocols 

through the MPI Forum drove a 
generation of advances 

Creation / adoption of data 
sharing policies have 

accelerated research innovation 
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 Global community-driven  

organization launched in  

March 2013 to accelerate  

data-driven innovation 

 RDA focus is on building the social, 

organizational and technical 

infrastructure  to  

 reduce barriers to data sharing and 

exchange  

 accelerate the development of 

coordinated global data infrastructure 

The Research Data Alliance (RDA) 
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CREATE  ADOPT  USE   
 

RDA Members come together as 

• Working Groups – 12-18 month efforts  

to build, adopt, and use specific pieces  

of infrastructure 

• Interest Groups – longer-lived discussion forums that spawn Working 

Groups as specific pieces of needed infrastructure are identified. 

Working Group efforts focus on the development and use of data sharing 

infrastructure 

• Tools, policy, software infrastructure, standards, or best practices that 

are adopted and used by communities to enable data sharing 

• “Harvestable” efforts for which 12-18 months of work can eliminate a 

roadblock  

• Efforts that have substantial applicability to groups within the data 

community, but may not apply to everyone 

• Efforts for which working scientists and researchers can start today 
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Technical and Social Data Infrastructure 

Broad spectrum of infrastructure needed  
to support data sharing 

Common  
Metadata Standards 

Digital Object  
Identifiers 

Data Discoverability  
Tools 

Data Access and  
Distribution Policy  

Data Sharing  
Practice 

Sustainable  
Economic Model 

Data 
Services 

Data Management 
Systems 

Data  
Analytics 

Data  
Storage 

Data Citation 
Standards 

Preservation 
Policy 

Images:  NASA, SDSC / UCSD 
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Map courtesy 

traveltip.org 

Austral- 

pacific 

4% 

Africa 

2% 

South 

America 

1% 

Asia 

4% 

The RDA Community (as of 2/14):   
Over 1300 members from 64+ countries 

http://traveltip.org
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RDA Plenary 1 / 
Launch 
 March 2013 in 

Gothenburg, 
Sweden 

 240 participants 
 3 WG, 9 IG 

RDA Plenaries:  Venue for community 
building and WG / IG progress 

Plenary 1 Plenary 2 

RDA Plenary 2 
 September 2013 in 

Washington, DC 
 380 participants 
 6 WG, 17 IG, 5 BOF 
 Data Citation Summit 

co-located in RDA 
“neutral space” 

 First Organizational 
Assembly meet-up 

 
 

RDA Plenary 3 
 March 26-28, 2014 in  

Dublin, Ireland 
 Hosted by Australia  

and Ireland 

Plenary 3 

RDA Plenary 4 
 September 2014 in The  

Netherlands 

Plenary 4 



Fran Berman 

Emerging Plenary Format: 

• Working sessions:  Face-to-face 
opportunities for global Interest Groups, 
Working Groups, and BOFs to meet and 
advance their agendas 

• All-hands sessions:  Place for community 
networking and exchange of information 
(funding agencies, data organizations, key 
stakeholders) 

• Neutral meeting place:  Place for multiple 
groups to meet and form a common 
agenda and action plan (e.g. Plenary 2 Data 
Citation Harmonization Summit) 

RDA Plenaries Emerging as a  
Data Community “Town Square” 
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Domain Science - focused 

• Toxicogenomics  
Interoperability IG 

• Structural Biology IG 

• Biodiversity Data  
Integration IG 

• Agricultural Data  

Interoperability IG 

• Digital History and 
Ethnography IG 

• Defining Urban Data Exchange 
for Science IG 

• Marine Data Harmonization IG 

• Materials Data Management IG 

Community-Driven RDA Groups by Focus 
(as of 12/13, more at Plenary 3) 

Data Stewardship - focused 

• Research Data Provenance IG 

• Certification of Digital 
Repositories IG 

• Preservation e-infrastructure 

• Long-tail of Research Data IG 

• Publishing Data IG 

• Domain Repositories IG 

• Global Registry of Trusted 
Data Repositories and 
Services IG 

Base Infrastructure - focused 

• Data Foundations and Terminology WG 

• Metadata Standards WG 

• Practical Policy WG 

• PID Information Types WG 

• Data Type Registries WG 

• Metadata IG 

• Big Data Analytics IG 

• Data Brokering IG 

 

 

Reference and Sharing - 
focused 

• Data Citation IG 

• Data Categories and Codes  
WG 

• Legal Interoperability IG 

 

Community Needs - 
focused 

• Community Capability 
Model IG 

• Engagement IG 

• Clouds in Developing 
Countries IG 
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First RDA Infrastructure Deliverables  

Scheduled to Complete Summer 2014  

Data Type Registries WG 

• Deliverables:  System of data type registries, formal 
model for describing types, working model of a 
registry. 

• Initial Adopters and Users:  CNRI, International 
DOI Foundation, Deep Carbon Observatory 

Practical Code Policies 

• Deliverables:  Survey of policies in production use, 
testbed of machine actionable policies, deployment 
of 5 policy sets, policy starter kits 

• Initial Adopters and Users:  RENCI, DataNet 
Federation Consortium, CESNET, Odum Institute 

Persistent Identifier Information 

Types 

• Deliverables:  Minimal set of PID types, API  

• Initial Adopters and Users:  Data Conservancy, 
DKRZ 

Scheduled to Complete Fall 2014  

Language Codes 

• Deliverables:  Operationalization of ISO 
language categories for repositories. 

• Initial Adopters and Users:  Language Archive, 
Paradisec 

Data Foundations and 

Terminology 

• Deliverables:  Common vocabulary for data 
terms, formal definitions and open registry  for 
data terms 

• Initial Adopters and Users:  EUDAT, DKRZ, 
Deep Carbon Observatory, CLARIN, EPOS 

Metadata Standards 

• Deliverables:  Use cases and prototype director 
of current metadata standards starting from 
DCC directory 

• Initial Adopters and Users:  JISC, DataOne 
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 Create a pipeline of data sharing infrastructure efforts 

 that are adopted and used by communities during their 
development 

 that increase their impact through greater adoption over time 

 Build and expand the research data community for 
effective impact  

 globally, regionally, and within constituent groups 

 Evolve as a useful, relevant, and agile organization  

 that helps the community capitalize on opportunity and 
respond to challenges within the data community 

 

RDA Medium-term (3-5 years) Strategic Goals 
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RDA/US Goals: 

 Contribute to RDA “international” 
efforts and leadership  

 Bring US efforts to broader RDA 
community 

 Build the RDA community within  
the US 

 Leverage and implement RDA 
deliverables in the US to amplify 
impact 

 Collaborate closely with other RDA 
“regions” on key programs and 
initiatives 

 

RDA/US:  Collaborate Globally,  
Contribute Locally 

NSF-supported RDA/US 
initiatives: 
• Outreach (RDA  RDA/US) 
• RDA Deliverables Amplification 
• Student / Early Career 

Engagement 

RDA/US Steering Committee 
• Fran Berman, RPI 
• Larry Lannom, CNRI 
• Mark Parsons, RPI 
• Beth Plale, IU 

Open Positions 
http://www.cs.rpi.edu/~bermaf/ 

1) RDA/US Managing 
Director 

2) Communications 
Specialist 
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(U.S.) National Infrastructure for Data-Driven 
Innovation 

Global Data 
Infrastructure 

How do we 
accelerate open 

access data sharing 
and exchange? 

National Data 
Infrastructure 

How do we support 
stewardship and 
preservation of 

valuable research 
data? 
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Increasing U.S. 
Federal R&D Agency 
Requirements for 
Data Management 
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Management, Access, and Use of Data Now and 
in the Future Presupposes Adequate Data 

Stewardship and Preservation Today 

• Stewardship and Preservation fundamentall:   
“Homeless” data ceases to exist 

• Economically sustainable data  
infrastructure necessary to support 

– Federally mandated data  
management plans 

– Public access to research data  

– Use and re-use 

– Reproducibility 

• The “bigger”, longer-term, more complex, or more valuable the 
data is, the greater the importance of sustainable data 
infrastructure 
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February 2013 OSTP Memo:  New Policies for 
Public Access to Research Publications  

and Data 

Agency Plan Requirements: 

• Strategy for capitalizing on what exists 
and fostering public-private 
partnerships with scientific journals 

• Strategy for increasing / enhancing 
discoverability, access, dissemination, 
stewardship, preservation 

• Approach for measuring and enforcing 
compliance 

• No new money:  “Identification of 
resources within the existing agency 
budget to implement the plan”  
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Public Access to data requires a viable business 

model for sustaining its underlying infrastructure 

Data infrastructure 

costs increase with 

usage, stewardship 

and access 

requirements,  

perceived value 

 
Greater costs away 
from the center 
(including “big” 

data) … 

“Locally 
Manageable” 

Data 

More mgt., 
stewardship 

required 

Long-lived 
data 

Big data 

Coupled 
data 

services 

Access 
control, 
broad 
access 

More 
curation 
required 
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Model A (8-yr,15.2-mo 2X) TB Stored Planned Capacity 

It’s not just about the cost of storage 

• Most valuable data replicated 

• As research collections increase, 
storage capacity must stay ahead of 
demand 

Information courtesy of Richard Moore, 
SDSC 

Resources and  
Resource Refresh 

Data Infrastructure costs include 

• Maintenance and upkeep 

• Software tools and packages 

• Utilities (power, cooling) 

• Space 

• Networking 

• Security and failover systems 

• People (expertise, help, infrastructure 

management, development) 

• Training, documentation 

• Monitoring, auditing 

• Reporting costs 

• Costs of compliance with regulation, 

policy, etc. … 

SDSC Data Storage Growth ‘97-’09 
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Research data infrastructure  
has a Stakeholder Problem 

• Many Stakeholders in digital access and preservation 

– Stakeholders who benefit from use of the preserved asset 

– Stakeholders who generate / create / select what to preserve 

– Stakeholders who own / have rights to the asset 

– Stakeholders who manage / host / preserve the asset 

– Stakeholders who pay 

• The greater the alignment between key stakeholder groups, 

the better the prospect for sustainable preservation 
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Economics of Public Access:   

Who Pays the Data Bill? 

Article:  Science Magazine, August 9, 2013.  Free public access link 
at http:/www.cs.rpi.edu/~bermaf/ 



Fran Berman 

Op-Ed Recommendations:  Cultivate Preservation 
and Stewardship Options in Every Sector 

1. PRIVATE SECTOR:  Create federal and state 
incentives to facilitate private sector stewardship 
of public access research data 

2. PUBLIC SECTOR:  Create and clarify public sector 
stewardship commitments: articulate what data 
will and what won’t be supported 

3. ACADEMIC SECTOR:  Use public sector 
investment to jumpstart sustainable university 
library / community repository stewardship 
solutions 

4. RESEARCH COMMUNITY:  Encourage research 
culture change to take advantage of what works 
in the private sector (e.g. subscription, advertising, 
low-barrier-to-access fees, etc.) 

Charleston Ballet blog:  http://allianceblog.org/tag/charleston-ballet/ ; iTunes gift card 
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Supercomputers Archival Storage Systems 

Metrics of 
Success 

High Performance; good ranking on the 

Top500 list; application impact 

High reliability; Minimal data loss and 

damage 

Next 
Generation 

Systems 

Growth in capability/capacity key: 

Compatibility of systems not required 

although there should be application 

transition paths 

Smooth migration for data key:  

Preservation collections must migrate to 

new media without loss of data or 

disruption to users 

Funding Model 
Serial “one time” funding for each new HPC 

resource possible 

No gaps.  Funding must be available for 

continuous support of data collections 

Why aren’t we there yet? 

• Infrastructure investments are often  

a hard sell 

– Business model must be sustainable and 

address infrastructure refresh and evolution 

– Quantifying ROI a challenge 

– Hard to “market” compared to more 

newsworthy competing priorities 

 

 
 

 

 

 

 

Stephanie A. Miner, the Syracuse mayor, 

said  [infrastructure is] too often 

overlooked when politicians want to 

spend money on economic development.  

“You don’t cut ribbons for new water 

mains, but that’s really what matters.” 

NY Times, Feburary 15, 2014 
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Making the Case for Sustainable Stewardship is 
More Important Than Ever 

The Research landscape is changing 

• Data is accelerating new innovation and discovery 

• Greater need for access, ease-of-use, interoperability of data 

• Traditional modes of research recognition evolving:   
new approaches to collaboration / competition, publication,  
citation, analysis  all involve digital data  

The Educational landscape is changing 

• University curricula becoming more data-driven 

• Increasing integration of on-line / on-site options supported by data infrastructure 

• More digital monitoring, tracking, accountability needed; more policy and regulation 
involving digital data 

The Workforce is changing 

• More data literacy required from everyone 

• More data science embedded in everything 

• Data scientists increasingly critical for  
competitiveness and leadership 

Image:  CAIDA Internet visualization;  
Article:  HBR October 2012 
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Thank you! 

 


