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THE “CANONICAL” VIEW OF COMPUTER SCIENCE
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A MORE EXPANSIVE VIEW OF THE FIELD
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WHAT IS OUR FUTURE? HOW DO WE SHAPE IT?

Enlightenment:
Is Computing the
future of thought
and discourse?

DIASPORA: Is it the beginning of
The end of Computing as
we know it?

Renaissance: Is Computing creating a new ways to Q A S——— o

Combine and create? Catalyst




SOME MOTIVATING QUESTIONS

How do we energize the community around “big ideas” that
will create excitement and energy for computing and
computational research?

How do we shape and articulate the relevance of
computing research to national priorities?

How do we communicate these ideas, as a community, to
science policy and funding leadership?
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THE COMPUTING COMMUNITY CONSORTIUM

 Established in 2006 as a standing committee of the
Computing Research Association

* Funded by NSF under a Cooperative Agreement
— Second Award began in 2012, Site Visit completed in 2014

 Facilitates the development of a bold, multi-themed vision
for computing research — and communicates this vision
to stakeholders

* Led by a broad-based Councill
- Staffed by CRA




OUR MISSION

The mission of Computing Research Association's

Computing Community Consortium (CCC) is to:
catalyze the computing research community and
enable the pursuit of innovative, high-impact research.

CCC conducts activities that
strengthen the research community,
articulate compelling research visions, and
align those visions with pressing national and global challenges.

CCC communicates the importance of those visions to policymakers,
government and industry stakeholders, the public, and the research
community itself.
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CCC ORGANIZATIONAL STRUCTURE

Chair, Vice-chair

— 2 year non-staggered terms

— Vice-chair is presumptive chair
Executive Committee

— Chair, Vice-chair, Director

— 3 at large drawn from Council for 1-year terms

— CRA Executive Director
Council

— 20 members

— 3 year terms, at most 2 consecutive terms
Director, Program associate

— Full-time paid positions

CCC
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Greg Hager, Johns Hopkins Univ. (Chair)
Beth Mynatt, Georgia Tech (Vice Chair)
Susan Graham, UC Berkeley (Past Chair)
Bob Sproull, formerly Sun Labs, Oracle

Liz Bradley, University of Colorado, Boulder
Mark Hill, University of Wisconsin, Madison
Ann Drobnis, Director

Andy Bernat, CRA Executive Director
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THE CCC COUNCIL

** 1 year leave

\ Terms ending June 2017

— Lorenzo Alvisi, UT Austin

— Vasant Honavar, Penn State
— Jennifer Rexford, Princeton

— Debra Richardson, UC Irvine
— Klara Nahrstedt, UIUC

— Ben Zorn, Microsoft Research

Terms ending June 2016
— Randy Bryant, CMU**
— Limor Fix, formerly Intel
— Tal Rabin, IBM
— Daniela Rus, MIT
— Ross Whitaker, Univ. Utah

Terms ending June 2015
— Sue Davidson, Univ. Pennsylvania
— Joe Evans, Univ. Kansas
— Ran Libeskind-Hadas, Harvey Mudd

College CCC
— Shashi Shekhar, Univ. Minnesota Computing Community Consortium
Catalyst




OUR MISSION

Catalyze and communicate the excitement
of computing research

Align and articulate our contributions to
other fields and to national priorities

Groom future leadership to help shape
science policy

Computing Community Consortium
aaaaaaaa




WHAT DISTINGUISHES CCC?

Proactive, rapid response

— ldentify, plan, and execute in a matter of weeks to
months

Community-based

— Find and foster ideas from germination to fruition
and beyond

Leadership incubator
— Everyone is expected to do something!

CCC
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WHAT DO WE DO? Cl Fellows |

Community-initiated visioning:
*  Workshops to discuss “out-of-the-box” ideas

* Blue Sky Ideas tracks at conferences
Researchers at Mississippi State University are st

robotic technology. Professor Cindy Bethel starte
Systems (STARS) Lab. She leads a team of 22 rese

Outreach to White House, funding agencies: Getting Serious about the Design of

“This research has been an investment of heart at

CCCBlog

/
Computing Community Consortium
Catalyst

i 8 AR we didn’t have any funding for this, but it was sot by Ann Drobnis
2 OUtpUtS Of VISIOnIng aCtIVItIeS devoted our time to this and to building this pro¢
. . CCC Computing Research in Action: ST This is a guest post, written by David W. McDonald, Ct
C S h O rt re pO rtS tO I nfO rm pO | |Cy m a ke rS : i Centered Design and Engineering Department at the U

application is hard. Designing a good computer syster
accounts for the vagaries of people, their motivations,

* Task Forces — Health IT, Computing in the Physical
World, Manufacturing, Big Data, Industry, High

The

Performance Computing, Education impact of

Communicating CS Research:
* CCCBlog [http://cccblog.org/]
* Computing Research in Action Video Series
* Research “Highlight of the Week”
*  “The Impact of NITRD” symposium

Nurturing the next generation of leaders:
* Computing Innovation Fellows Project
* Leadership in Science Policy Institute
e Postdoc Best Practices Program
CCC
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VI S I O N I N G G OALS Computer Science Community

National Agency Blue Sky Open

Visioning

Priorities | Requests Ideas Calls

Communicate the role of
CS research to

Council-Led Community

sta ke h O I d ers Workshops Visioning
\ s

Reports < White Papers

DEVEIOp Ieadership Roadmaps < New Leaders

capacity to help shape /
science policy

. Funding  Science Policy
el Agencies Leadership
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VISIONING PROCESSES

* Periodic RFP for Community Initiated Activities

e Historically 3-7 workshops per year

 Top-down (agency initiated)

e Bottom-up (open call)

e Sideways (council initiated, joint with other agencies, ....)

Spatial Online Privacy R&D Uncertainty in
Computing Education Computation

Robotics

CCC
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VISIONING ACTIVITIES

2012

From GPS and Virtual Globes to Spatial Computing — 2020
Computing and Healthcare: New Opportunities and Directions

2013

Convergence of Software Assurance Methodologies and Trustworthy Semiconductor Design and
Manufacture (SA+TS)

Multidisciplinary Research for Online Education

Privacy R&D Workshop (with ITIF)

Extreme Scale Design Automation 2 (with ACM)

Visions of Theory of Computing (with Simons Institute)
Robotics, Automation, and Computer Science (with NSF, OSTP)

2014

Extreme Scale Design Automation 3 (with ACM)

Computing Visions 2025: Interacting with the Computers All Around Us (with CISE)

Computing Visions 2025: The New Making Renaissance: Programmable Matter and Things (with CISE)
Human Computation

Aging in Place

Uncertainty in Computation

BRAIN CCC
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CATALYZING AND ENABLING: ROBOTICS

May 21, 2009

A Roadmap for US Robqtics
From Internet to Robotics

Organized by

Georgia Institute of Technology

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

THE DIRECTOR July 21. 2010

M-10-30

MEMORANDUM FOR THE S OF EXECUTIVE DEPARTMENTS AND AGENCIE{
FROM: Peter R. Orsza;

Director, Offic®o! gement and Budget

Office of Science and Technology Po

Pressroom | Divisions

About OSTP | OSTP Blog R&D Budgets | Res

Developing the Next Generation of Robots

Posted by Tom Kalil and Sridhar Kota on June 24, 2011 at 10:14 AM EDT

P Tweet | | [ share || #

University of Southern
Johns Hopkins U

University of Pen

University of California, Berkeley
Rensselaer Polytechnic Institute
University of Massachusetts, Amherst
University of Utah

Carnegie Mellon University

Tech Collaborative

Sponsoredby
e con, s e,
@) @‘
Ovsgr® Aesockno"

John P. Holdren
Director. Office of $cience Technology Policy

cience and Technology Priorities for the FY 2012 Budget

discovery, technological breakitk i are major engines for expan{

tiers of human k ledge and are indi ble for 1 1nabl. 1
growth, improving the health of the population, moving toward a clean energy future, addressij
global climate change challs 1 ing d ds on the envi and
safeguarding our national security.
This memorandum follows up on OMB M« dum M-10-19 by outlining the Admini
science and technology (S&T) ities for lating FY 2012 Budget submissions to the Of
of Management and Budget (OMB). These priorities for research and development (R&D)
investments and other S&T i build on ities already refl d in the American

Recovery and Reinvestment Act, the FY 2010 and 2011 Budgets, and key Administration poli
guidance such as the President’s Strategy for American Innovation. This memorandum also
provides program guidance for S&T activities in Executive Departments and Agencies.

Prioritizing key S&T activities

h at Carnegie Mellon University, President Obama is launching the Advanc
search initiative that will promote a renaissance of American manufacturing.

ling element of the President's Advanced Manufacturing Partnership is the National
Robots are working for us every day, in countless ways. Athome, atwork, and on the battlefig
increasingly lifting the burdens of tasks that are dull, dirty, or dangerous.

Butthey could do even more, and that's what the National Robotics Initiative is all about. So t
(the National Science Foundation, the National Institutes of Health, NASA, and the United Sta
Agriculture) are issuing a joint solicitation that will provide up to $70 million in research fundin
generation robotics.

The focus of this initiative is on developing robots that work with or beside people to extend ol
capabilities, taking advantage of the different strengths of humans and robots. In addition to i
technology needed for next-generation robotics, the initiative will support applications such a:

4 meetings during
summer 2008

Roadmap published
May 2009

Extensive discussions
between visioning
leaders & agencies

OSTP issues directive to all

agencies in summer 2010
to include robotics in
FY 12 budgets

Henrik Chistensen
Georgia Tech

National Robotics
Initiative announced
in summer 2011
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CATALYZING AND ENABLING: BIG DATA

Big-Data Computing: Ci
breakthroughs in commer)

Randal E. Bryant Randy H.
Carnegie Mellon Universi|
University California, o

Version 8: Decen
Motivation: Our Data-Driven W,

Advances in digital sensors, communications, col
collections of data, capturing information of valy
soclety. For example, search engine companies
created an entirely new business by capturing th
Wide Web and providing it to people in useful w
bytes of data every day and continually add new|
directions, and image retrieval. The societal ber|
having transformed how people find and make

Just as search engines have transformed how w
data computing can and will transform the activ
medical practitioners, and our nation's defense 3
include

o Wal-Mart recently contracted with Hewlett P
capable of storing 4 petabytes (4000 trillion
purchase recorded by their point-of-sale tern]
Gay) at their 6000 stores worldwide. By app|
can detect patterns indicating the effectivend]
campaigns, and better manage their inventos

Many scientific disciplines have become data
is really Just a very large digital camera, Th
Telescope (LSST) will scan the sky from a m
bytes of image data every day - a data volu
Surveys dally! Astronomers will apply massi
the origins of our universe, The Large Hadrg
will revolutionize our understanding of the w
terabytes of data per day - 15 petabytes (19
eScience projects are proposed or underway
biology to environmental science to 0ceanog:
enormous data sets that automated analysis
impractical to replicate copies at the sites of
pool their resources to construct a large data)
for all of the affiliated scientists.

rent version of this essay, a5 wel as relol

ccc Compunng Commumt)

Vryrrse®

ACTIVITIES ‘

Lesrming Tech pem Seumco e Phaysical System

You e here.

Landed Visiaaing Activities | 4g-Dat

Big-Data Computing Study Group

One Pager
Extablishing a Big-Data Computing Study Group - [72 K8 FOF)

Leads for this workshop and Lead for effort

Bryant (CMU) and Thomas

€CC coumcht

Ison for this workshop and effort
E4 Lazowska (University of Washingter

Hadoop Summit [/25/08, Surayvale, CA] | Spea

pacamons on collectons of data

Data-Iatensive Computing Symbussiy, Susyvale,

SA), Eugene Agicht
98 (Microsatt)
Mass-Am

A Series on Data Analytics: From Data to K

From Data to Knowledge to Action: A Global Enabler for thd
Eric Horvitz, Mic ft Research and Tom Mitchell, Carnegie M4

Enabling Evidence-Based Healthcare [PDF | Word]
Eric Horvitz, Mic

Enabling an Initiative in "New Biology"
Chase Hensel, Computing Research

[PDF | Word]
ciation and Erwin P.

Enabling 21st Century Discovery in Science and Englneerm
Randal E. Bryant, Carnegie Mellon University and Ed Laz

Enabling Advanced Intelligence and Decision-Making for A
Randal E. Bryant, Carnegie Mellon University,
Tom Mitchell, Carnegie Mellon Unive

laime G. Carbon

Enabling a Revolution in New Transportation [PDF | Word]
astian Thrurl. nford Unis el, Computi

0
(11}
&
o

ity, Chase He

Con

Enabling Personalized Educatlon [PDF | Word]
Beverly Park Woolf, Unive
Computing Research &

tion

Enabling the Smart Grid [PDF | Word]
Randal E. Bryant, Carnegie Mellon University, Rane
Erwin P. Gianchandani, Computing Resear

H. Katz, |
tion

ch Ass0

Challenges and Opportunities with Big Data [PD

F]
rmrunity white d by leading research

Qe of Scionce snd Technslogy Policy
Exscutive Offics
Now Exnces
Washingizn, DC 20502

FOR IMMEDIATE RELEASE
March 29, 2012

Contact: Rick Woiss 202 456-6037 rweiss 208t 000 gov
Usa-Joy Zgorski 703 202-8311 ksaloyina! gov

OBAMA ADMINISTRATION UNVEILS “BIG DATA" INITIATIVE:
ANNOUNCES $200 MILLION IN NEW R&D INVESTMENTS

Aiming to make the most of the fast-growing volume of digital data, the Obama
Administration today announced a “Big Data Research and Development Indiative.” By
improving our ability to extract knowledge and insights from large and complex
collections of digital data, the initiative promises to help solve some the Nation's most
pressing challenges

To launch the initiative, six Federal departments and agencies today announced more
than $200 million in new commitments that, together, promise to greatly improve the
tools and techniques needed to access, organize, and glean discoveries from huge
volumes of digital data.

“In the same way that past Federal investments in information-technology R&D led to
dramatic advances in supercomputing and the creation of the Intemet, the initiative we
are Iaunci\lng today promises to transform our ability to use Big Data for scientific

and research and national security,”
sald Dr. John P. Holdren, Assistant to the President and Director of the White House
Office of Science and Technology Policy.

To make the most of this opportunity, the White House Office of Science and
Technology Policy (OSTP)—in concert with several Federal departments and
agencies—created the Big Data Research and Development Initiative to:

* Advance state-of-the-ar core technologies needed 10 collect, store, preserve,
manage, analyze, and share huge quantities of data

Hamess these technologies to accelerate the pace of discovery in science and
engineering, strengthen our national security, and transform teaching and
learning; and

Expand the workforce needed to develop and use Big Data technologies.

2008

2008

2010

2012

CCC
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CATALYZING AND ENABLING: ARCHITECTURE

Workshop on Advancing Computer
Architecture Research (ACAR-1)

Failure is not an Option: Popular Paralld
Programming

Organizers: Josep Torrellas (University of Illinois) and Mark Oskin (Uni
of Washington).

Steering Committee: Chita Das (NSF and Pennsylvania State University)
William Harrod (DARPA), Mark Hill (University of Wisconsin), James L
(Microsoft Research), M aret Martonosi (Princeton University), Jose M(
(IBM Research), and Kunle Olukotun (Stanford University).

Written by: Josep Torrellas, Mark|
Almadena Chtchelkanova, Chita L
Jon Hiller, Sampath Kannan, Krish
Richard Murphy, Onur Mutlu, Sati
Anand Sivasubramaniam, Kevin §

Dean Tullsen.

Funded by the Computing Rescarch Association’s (CRA) Computing Cof
Consortium (CCC) as a “visioning exercise” meant to promote forward th
computing research and then bring these ideas to a funded program.

Held on February 21-23, 2010 in San Diego, California
@illinois.ed

cs.uiuc.edu/acar |

August 2010

Workshop on Advancing Computer
Architecture Research (ACAR-II)

Laying a New Foundation for IT: Comput¢
Architecture for 2025 and Beyond

Organizers: Mark Oskin (University of Washington) and Josep Torrg
(University of lllinois).

Steering Committee: Chita Das (Pennsylvania State University), M|
(University of Wisconsin), James Larus (Microsoft Research), Margd
Martonosi (Princeton University), Jose Moreira (IBM Research), and|
Olukotun (Stanford University)

Written by: Mark Oskin, Josep Torrellas, Chita Das, John Davis, Sal
Dwarkadas, Lieven Eeckhout, Bill Feiereisen, Daniel Jimenez, Mark

Martha Kim, James Larus, Margaret Martonosi, Onur Mutiu, Kuni
Andrew Putnam, Tim Sherwood, James Smith, David Wood, Cr:

Funded by the Computer Rese:
Consortium (CCC) as a *visioni
thinking in computer research
program.

Held on September 20-21, 2010 in Seattle, Washington
Contact: oskin@cs. edu; edu
Website: http:/www.cra.org/acar.php

Josep Torrellas
uluC

Mark Oskin
Washington

and (XPS)

21% Century Computer Architecty] ~ [R05RAM soricrmation
Nationst Science Foundation
A community white paper Ovctone o Compuer  ormatin Scance 8 Ergneerny
i

May 25, 2012

Pl Proposai Deadiine(s) (éue by 5. propossrs locs bme)

1and S y Fetnany 22013

Information and communication technology (ICT) is transforming our world
healthcare, education, science, commerce, government, defense, and entertainmen]
to remember that 20 years ago the fist step in information search involved a trip tol

RMATION AND REVISION NOTES

10 years ago social networks were mostly physical, and 5 years ago “tweets’ A revised version of the NSF Propossi &
cartoon characters. Octobor 4, 2012 and is offective for proposals submitted, uﬁmuu-ﬁ-hﬂnﬂ““"«mu
sevaed Bt he gudutnes contantd 8 157 13 T apaly 0 propbass st e to this funding
ity jariary 14, 2013, must

Importantly, much evidence suggests that ICT innovation is accelerating with many

visions moving from science fiction toward reality'. Appendix A both touches upon th
and seeks to distl their atiributes. Future visions include personalized medicine to
and drugs to an individual, sophisticated social network analysis of potential terrori
aid homeland securty, and telepresence to reduce the greenhouse gases spent revors sk wi be
Future applications will increasingly require processing on large, heterogeneous A by-chagar summary of e s b sgaficant changas & prvided s e bogrng of Do e T
Data™), using distributed designs, working within form-factor constraints, and r
deployment with efficient operation.

st v ccance s e provided t iy 400 e
ey o pojet Goscrgmon sechons o proposan. Aseus 4nd Wl

Panass 1o ha tha progyam sokceaton may contan Supplmerel proposal rapRSGR Gucdance NG Guktancs M davees
e o udeiros sstastatod 1 o

Two key—but often invisible—enablers.
lechnology and computer architecture.
transistors (Moore's Law) for roughly ct
Computer architects took these laP‘d ll
techniques to scale processor perform
effect of technology and architecture o provided ICT innovators with exponent el Thiormi
‘growth at near constant cost.

SUMMARY OF PROGRAM REQUIREMENT

Program Titie:
Explotng Paraletam sed Scasoilty (P5)

Because most technology and computer architecture innovations were (intentionally)
higher layers, application and other software developers could reap the benefits of th]
without engaging in it. Higher performance has both made more computationally
applications feasible (0.9., vitual assistants, computer vision) and made less
applications easier to develop by enabling higher-level programming abstractions (.
languages and reusable components). Improvements in computer system cost-ef on St o 8 Py e Th
enabled value creation that could never have been imagined by the field's fou

Symopais of Program:
Campuns sy e g o el varsomatn o e g e sevies o e e f
e oty o odor's iioio ard

distributed web search sufficiently inexpensive so as to be covered by advertising lin Semcandeor ochnogy o Sy s aed -
i ey s e ittt gkl i e
Pl
T Exponng arteam s Scauly 075 roya am o g ronchemng e e 3
i3 o parl comguAng XPS Soeks reseBh 10 evSatng 51 PSS 18 e, 26 FaSRONH
- Compan: narsaae an sk o » 1 2 s sy 30 exponns
T PCAST, Desgring " Networting and I s s s e 3 i AR o o
Technology, Dec 05 it a0 il ba bl 1 new Cecepts ane rew fowrdsscrl DTS Now 89 e
% CCC, “Chatlenges and Opportuniies with Big Data.” Feb, 2012 (rp:fcra orgiecordocsinabigiatawnaepsol iy ol -]
" enCancy w3 o1

Prnase ok tha the folowng ndormmation is current o the e of pubishing. See program website sy apdsies i he poiis of

2012 2013

Mark Hill
Wisconsin
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CATALYZING AND ENABLING: HEALTH IT

ANGCOM,,

» ¢,

6
o

October 2009 Workshop

“Onsormo™

National Library

of Medicine
Computing
Community
Consortium \ .
Discovery
anq . American
7 - Innovation in I Medical
gency for H Informati
ealth IT EHELTES
Healthcare Association
Research and

Qualit

National Institute of
Standards and
Technology

Office of the National
Coordinator for Health
Information Technology

Onrou

2o,
9@ ‘
>

= COMPUTING AND
HEALTHCARE:

NEMNGPPORLENIES]

(s SN IDRE NS

) 3)/:_
2
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October 2012 Workshop

v National Science Foundation
/. WHERE DISCOVERIES BEGIN

X

Directorate for Computer & Information Science & Engineering

SMART HEALTH AND WELLBEING (SHW)

CONTACTS

See program guidelines for contact information.

SYNOPSIS

Smart and Connected Health (SCH)

PROGRAM SOLICITATION
NSF 13-543

REPLACES DOCUMENT(S):
NSF 12-512

National Science Foundation
@ Directorate for Computer & Information Science & Engineering
Division of Computing and Communication Foundations
Division of Computer and Network Systems
Division of Information & Intelligent Systems

Directorate for Engineering

Directorate for Social, Behavioral & Economic Sciences

m) National Institutes of Health
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COMPUTING VISIONS 2025

e Joint Venture of NSF CISE Advisory Committee and CCC

Articulate future trends and opportunities in computing research. Envision
evolution and growth over the next 10 to 15 years.

* 3 Initial Workshops:
— Interacting with the Computers All Around Us

* Look at how technology could change how computers interface with people
and the world around them.

— The New Making Renaissance: Programmable Matter & Things

Explore the way items are designed, programmed, manufactured, and
delivered/deployed.

— Summarizing roundtable(forthcoming)

* Discuss emerging themes from prior workshops and deliver a summarizing
report.

 Panel session at Snowbird 2014

CCC
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SOME RECENT AND UPCOMING EVENTS

* Aging in Place (with NIH)
* Uncertainty in Computation (Community driven)
- BRAIN (with CISE)

* Privacy by Design (Community driven)
« CS Visions 2025 (with CISE AC)

Y]O1UIR
Werkshop
IEELELE cec

Computing Community Consortium
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CCC WORKING GROUPS

Topic areas stemming from societal priorities and
the needs of our community

Computing and the Physical World
Data Analytics

Education

Health IT

Industry

Manufacturing

High Performance Computing




BLUE SKY IDEAS CONFERENCE
TRACKS

« Special “Blue Sky Ideas” tracks at leading conferences
— Reach beyond usual papers

« CCC provides prize money for top 3 papers

— Papers should be:
* open-ended
» “outrageous” or “wacky”

* Present new problems, new application domains or new
methodologies

» Relatively short (4-6 pages)
* Published after the conference

CCC
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DETAILS

« Conference Organizers write a proposal, indicating how
papers will be solicited and reviewed

* Blue Sky Chair and Director read proposals and
determine viability

* Once Track is approved, a CCC liaison is assigned

« BS Chair or liaison may attend the Conference to
present information about the CCC and the awards

CCC

Computing Commun ity Consort ium
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BLUE SKY IDEAS CONFERENCE
TRACKS

« BuildSys 2012

« Computational Sustainability Track @ AAAI 2013
« Computational Sustainability Award @ CHI 2013
* Robotics: Science and Systems 2013

« Conference on Innovation Data Systems Research
(CIDR-2013)

« Autonomous Agents and MultiAgent Systems (AAMAS-2014)
* Foundations of Software Engineering 2014
» Upcoming:

— Association for the Advancement of Artificial Intelligence 2015

— SIGSPATIAL 2015

CCC
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LEADERSHIP IN SCIENCE POLICY INSTITUTE

To educate a cadre of computing researchers on how science policy in the U.S. is
formulated and how our government works

November, 2011 April, 2013

« 34 attendees - 53 attendees

« 7/ women * 12 women

* 19 received financial aid * 6 received financial aid

* 24 institutions represented * 47 institutions represented

» 23 participants from public * 40 participants from public
institutions, 7 from private, 4 from institutions, 12 from private, 1 from
industry industry

Next LISPI: April, 2015

CCC

Computing Community Consortium
Catalyst




CCC: CATALYZING AND ENABLING
COMPUTING RESEARCH




