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Abstract

The continuing rise in greenhouse gases (GHG) in Earth’s atmosphere 
caused by human activity is beginning to alter the delicately balanced 
climate system. Means to slow down the rate of GHG emissions are 
needed to avoid catastrophic climate change in the future. While 
moving from a high-carbon to a low-carbon energy system is the long 
term solution, more energy efficient cyberinfrastructure can provide 
some relief in the short term. I will review several projects which Calit2 
is carrying out with our UCSD and UCI faculty in energy efficient data 
centers, personal computers, smart buildings, and telepresence and 
show how university campuses can be urban testbeds of the greener 
future.



ICT Could be a Key Factor
in Reducing the Rate of Climate Change

Applications of ICT 
could enable emissions reductions 

of 15% of business-as-usual emissions. 
But it must keep its own growing footprint in check 

and overcome a number of hurdles 
if it expects to deliver on this potential.

www.smart2020.org



     A More Accurate Term is ‘Global Climatic Disruption’

This Ongoing Disruption Is:
•  Real Without Doubt
•  Mainly Caused by Humans
•  Already Producing Significant Harm
•  Growing More Rapidly Than Expected”

Earth’s Climate is Rapidly Entering a Novel Realm
Not Experienced for Millions of Years

“Global Warming” Implies: 
•   Gradual, 
•   Uniform, 
•   Mainly About Temperature, 
•   and Quite Possibly Benign.

What’s Happening is: 
• Rapid, 
• Non-Uniform, 
• Affecting Everything About Climate, 
• and is Almost Entirely Harmful.

John Holdren, Director Office of Science and Technology Policy
                                   June 25, 2008



Rapid Increase in the Greenhouse Gas CO2

Since Industrial Era Began

Little
 Ice Age

Medieval 
Warm 
Period

388 ppm in 2010

Source: David JC MacKay, 
Sustainable Energy Without the Hot Air (2009) 



Global Average Temperature Per Decade
Over the Last 160 Years



The Planet is 
Already Committed to a Dangerous Level of Warming

Temperature Threshold Range 
that Initiates the Climate-Tipping

V. Ramanathan and Y. Feng, Scripps Institution of Oceanography, UCSD 
September 23, 2008

www.pnas.orgcgidoi10.1073pnas.0803838105

Additional Warming 
over 1750 Level

Earth Has Only Realized 
1/3 of the

Committed Warming -
Future Emissions 

of Greenhouse Gases 
Move Peak to the Right



Arctic Summer Ice Melting
Accelerating Relative to IPCC 2007 Predictions

Source: www.copenhagendiagnosis.org



Global Climatic Disruption Example:
The Arctic Sea Ice

Mean of all records transformed to summer temperature anomaly relative to 
the 1961–1990 reference period, with first-order linear trend for all records 

through 1900 with 2 standard deviations

“A pervasive cooling of the Arctic in progress 2000 years ago continued through the 
Middle Ages and into the Little Ice Age.  It was reversed during 

the 20th century, with four of the five warmest decades of 
our 2000-year-long reconstruction occurring between 1950 and 2000. The most 
recent 10-year interval (1999–2008) was the warmest of the past 200 decades.”

Science v. 325 pp 1236 (September 4, 2009)



Global Climatic Disruption Early Signs:
Area of Arctic Summer Ice is Rapidly Decreasing

"We are almost out of 
multiyear sea ice in the 

northern hemisphere--I've 
never seen anything like 

this in my 30 years of 
working in the high Arctic.”
--David Barber, Canada's 
Research Chair in Arctic 
System Science at the 
University of Manitoba

October 29, 2009

http://news.cnet.com/8301-11128_3-10213891-54.html

http://news.yahoo.com/s/nm/20091029/sc
_nm/us_climate_canada_arctic_1



Summer Arctic Sea Ice Volume 
Shows Even More Extreme Melting—Ice Free by 2015?

Source: Wieslaw Maslowski
Naval Postgraduate School, 

AAAS Talk 2010



The Earth is Warming Over 100 Times Faster Today
Than During the Last Ice Age Warming!

CO2 Rose From 
185 to 265ppm (80ppm) 

in 6000 years or 
1.33 ppm per Century

CO2 Has Risen From 
335 to 385ppm (50ppm) 

in 30 years or 
1.6 ppm per Year

http://scrippsco2.ucsd.edu/program_history/keeling_curve_lessons.html



Atmospheric CO2 Levels for 800,000 Years
and Projections for the 21st Century 

www.globalchange.gov/publications/reports/scientific-assessments
/us-impacts/download-the-report

Source: U.S. 
Global Change 

Research Program 
Report (2009)

(MIT Study)

(Shell Study)

http://www.globalchange.gov/publications/reports/scientific-assessments


The Latest Science on Global Climatic Disruption
An Update to the 2007 IPCC Report

www.copenhagendiagnosis.org



Climate Change Will Pose Major Challenges to California 
in Water and Wildfires

“It is likely that the changes in climate that San Diego is experiencing due to the warming of the 
region will increase the frequency and intensity of fires even more, making the region more 

vulnerable to devastating fires like the ones seen in 2003 and 2007.”

California Applications Program (CAP) & The California Climate Change Center (CCCC) 
CAP/CCCC is directed from the Climate Research Division, Scripps Institution of Oceanography



How Can Information and Communications Technologies 
(ICT) Help Reduce Carbon Emissions?

• The Big Picture—Smart2020 Report
• Reduce Wasted Energy for Laptops, Printers, & PCs
• Make Cellular Infrastructure More Energy Efficient 
• Campus Consolidation of Computing and Storage
• Make Data Centers More Energy Efficient
• Apply ICT to Other Sectors



ICT is a Critical Element in Achieving Countries 
Greenhouse Gas Emission Reduction Targets

www.smart2020.org

GeSI member companies: 
•  Bell Canada, 
•  British Telecomm., 
•  Plc, 
•  Cisco Systems, 
•  Deutsche Telekom AG, 
•  Ericsson, 
•  France Telecom, 
•  Hewlett-Packard, 
•  Intel, 
•  Microsoft, 
•  Nokia, 
•  Nokia Siemens Networks, 
•  Sun Microsystems, 
•  T-Mobile, 
•  Telefónica S.A., 
•  Telenor, 
•  Verizon, 
•  Vodafone Plc. 
Additional support: 
•  Dell, LG.



The Global ICT Carbon Footprint is Significant
and Growing at 6% Annually!

www.smart2020.org

the assumptions behind the growth in emissions expected in 2020: 
•  takes into account likely efficient technology developments 
          that affect the power consumption of products and services
•  and their expected penetration in the market in 2020

Most of Growth is in 
Developing Countries



Reduction of ICT Emissions is a Global Challenge –
U.S. and Canada are Small Sources

U.S. plus Canada Percentage Falls From 
25% to 14% of Global ICT Emissions by 2020

www.smart2020.org



The Global ICT Carbon Footprint 
by Subsector

www.smart2020.org

The Number of PCs (Desktops and Laptops) Globally 
is Expected to Increase 
from 592 Million in 2002 

to More Than Four Billion in 2020 

PCs Are Biggest 
Problem

Data Centers Are 
Rapidly Improving



Increasing Laptop Energy Efficiency: 
Putting Machines To Sleep Transparently
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Rajesh Gupta, UCSD CSE; Calit2



Desktops: Power Savings with SleepServer:
A Networked Server-Based Energy Saving System

– Power Drops from 102W  to < 2.5W
– Assuming a 45 Hour Work Week 

– 620kWh Saved per Year, for Each PC (~ $60 Savings/Year) 

– Additional Application Latency:  3s - 10s Across Applications
– Not Significant as a Percentage of Resulting Session
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State Power 
Normal Idle State 102.1W 

Lowest CPU Frequency 97.4W

Disable Multiple Cores 93.1W

“Base Power” 93.1W 

Sleep state (ACPI State S3)  
Using SleepServers

2.3W 

Dell OptiPlex 745 
Desktop PC

Source: Rajesh Gupta, UCSD CSE, Calit2



PC: 68% Energy Saving Since SSR Deployment 

kW-Hours:488.77 kW-H   Averge Watts:55.80 W
Energy costs:$63.54
Estimated Energy Savings with Sleep Server: 32.62%
Estimated Cost Savings with Sleep Server: $28.4

energy.ucsd.edu

http://energy.ucsd.edu/device/meterdisplay.php?meterID=3091420330&cmd=custom&fdate=10/01/2009&tdate=04/12/2010&submit=Generate
http://energy.ucsd.edu/device/meterdisplay.php?meterID=3091420330&cmd=custom&fdate=10/01/2009&tdate=04/12/2010&submit=Generate


Power Management in the Cellular Infrastructure:
Calit2 Team Achieves 58% Power Amplifier Efficiency

Power Transistor Tradeoffs:

Si-LDMOS, GaN, & GaAs

Price & Performance

Power Amplifier Tradeoffs:

WiMAX & 3.9GPP LTE

Efficiency & Linearity

Digital Signal Processing Tradeoffs:

Pre-Distortion, Memory Effects 
& Power Control

MIPS & Memory

STMicroelectronics

Standard Commercial Base Station Power Amp is 10% Efficient

Source: Don Kimball, Calit2; Peter Asbeck and Larry Larson, ECE

www.universityofcalifornia.edu/news/article/19058

Calit2 
High-Power 

Amplifier Lab



UCSD Campus Investment in Fiber and Networks 
Enables Consolidation of Computing and Storage

DataOasis  
(Central) Storage

OptIPortal
Tile Display Wall

Campus Lab 
Cluster

Digital Data 
Collections

Triton – Petadata 
Analysis

Gordon –
 HPC System

Cluster Condo

Scientific 
Instruments

N x 10GbeN x 10Gbe CENIC, NLR, I2DCNCENIC, NLR, I2DCN

Source:  Philip Papadopoulos, SDSC, UCSD

http://www.monash.edu.au/eresearch/assets/images/opti3image.jpg
http://www.jacobsschool.ucsd.edu/uploads/news_release/2007/magick_CAMERAserver300.jpg
http://www.sdsc.edu/News Items/PR051309_triton.jpg
http://en.academic.ru/pictures/enwiki/81/Queen_Flash_Gordon.png
http://images.google.com/imgres?imgurl=http://www.rrze.uni-erlangen.de/dienste/arbeiten-rechnen/hpc/systeme/ia32-cluster_neuer.jpg&imgrefurl=http://www.rrze.uni-erlangen.de/dienste/arbeiten-rechnen/hpc/systeme/ia32-cluster_en.shtml&usg=__HGe9kQxfOkqa7yjwRQDjpburslQ=&h=277&w=370&sz=36&hl=en&start=7&um=1&tbnid=ofQDZXdhPIjoeM:&tbnh=91&tbnw=122&prev=/images?q=compute+cluster&hl=en&um=1
http://images.google.com/imgres?imgurl=http://leadacademy.co.uk/Images/library-books.jpg&imgrefurl=http://www.leadacademy.co.uk/Student-Services.htm&usg=__FXxpKYMV5RvX2oZRHt4HOva__Ks=&h=426&w=568&sz=41&hl=en&start=29&um=1&tbnid=QpzNWHZ-lldu7M:&tbnh=101&tbnw=134&prev=/images?q=library&ndsp=20&hl=en&sa=N&start=20&um=1
http://www.usu.edu/ust/img/large/454-sequencer-whole.jpg


The GreenLight Project: 
Instrumenting the Energy Cost of Computational Science

• Focus on 5 Communities with At-Scale Computing Needs:
– Metagenomics
– Ocean Observing
– Microscopy 
– Bioinformatics
– Digital Media

• Measure, Monitor, & Web Publish 
Real-Time Sensor Outputs
– Via Service-oriented Architectures
– Allow Researchers Anywhere To Study Computing Energy Cost
– Enable Scientists To Explore Tactics For Maximizing Work/Watt

• Develop Middleware that Automates Optimal Choice 
of Compute/RAM Power Strategies for Desired Greenness

• Partnering With Minority-Serving Institutions 
Cyberinfrastructure Empowerment Coalition 

Source: Tom DeFanti, Calit2; GreenLight PI



GreenLight’s Data is Available Remotely:
Virtual Version in Calit2 StarCAVE

Source: Tom DeFanti, Greg Dawe, Jurgen Schulze, Calit2

Connected at 
50 Gb/s to Quartzite

30 HD 
 Projectors!



Research Needed 
on How to Deploy a Green CI

• Computer Architecture 
– Rajesh Gupta/CSE

• Software Architecture, Clouds 
– Amin Vahdat, Ingolf Kruger/CSE

• CineGrid Exchange 
– Tom DeFanti/Calit2

• Visualization 
– Falko Kuster/Structural Engineering

• Power and Thermal 
Management 
– Tajana Rosing/CSE

• Analyzing Power 
Consumption Data 
– Jim Hollan/Cog Sci

• Direct DC Datacenters
– Tom Defanti, Greg Hidley

http://greenlight.calit2.net

MRI



New Techniques for Dynamic Power and Thermal 
Management to Reduce Energy Requirements

Dynamic Thermal Management (DTM)

• Workload Scheduling:
• Machine learning for Dynamic Adaptation 

to get Best Temporal and Spatial Profiles 
with Closed-Loop Sensing

• Proactive Thermal Management
• Reduces Thermal Hot Spots by Average 

60% with No Performance Overhead

 Dynamic Power Management (DPM)

•Optimal DPM for a Class of Workloads
•Machine Learning to Adapt

• Select Among Specialized Policies
• Use Sensors and 

Performance Counters to Monitor
• Multitasking/Within Task Adaptation of 

Voltage and Frequency
• Measured Energy Savings of  

Up to 70% per Device

NSF Project Greenlight
• Green Cyberinfrastructure in 

Energy-Efficient Modular Facilities 
• Closed-Loop Power &Thermal 

Management 

System Energy Efficiency Lab (seelab.ucsd.edu)
Prof. Tajana Šimunić Rosing, CSE, UCSDCNS



An NSF Gen-III Engineering Research Center
www.cian-erc.org



SEEDSEED

UCSD Scalable Energy Efficient Datacenter Project 
(SEED)

PIs of NSF MRI:
•  George Papen
•  Shaya Fainman
•  Amin Vahdat



Challenge: How Can Commercial Modular Data Centers 
Be Made More Energy Efficient?

Source: Michael Manos



Energy-Efficient Networking:
Hybrid Electrical-Optical Switch

• Build a Balanced System to Reduce Energy Consumption 
– Dynamic Energy Management
– Use Optics for 90% of Total Data Which is Carried in 10% of the Flows 

• SEED Testbed in Calit2 Machine Room and Sunlight Optical Switch
• Hybrid Approach Can Realize 3x Cost Reduction; 6x Reduction in 

Cabling; and 9x Reduction in Power



Application of ICT Can Lead to a 5-Fold Greater
Decrease in GHGs Than its Own Carbon Footprint

Major Opportunities for the United States*
– Smart Electrical Grids
– Smart Transportation Systems
– Smart Buildings
– Virtual Meetings

           * Smart 2020 United States Report Addendum

                                 www.smart2020.org

While the sector plans to significantly step up 
the energy efficiency of its products and services, 

ICT’s largest influence will be by enabling 
energy efficiencies in other sectors, an opportunity 

that could deliver carbon savings five times larger than 
the total emissions from the entire ICT sector in 2020.

--Smart 2020 Report



Applying ICT – The Smart 2020 Opportunity
for Reducing GHG Emissions by 7.8 GtCO2e

Recall Total ICT 2020 Emissions are 1.43 GtCO2e

Smart 
Buildings

Smart 
Electrical 

Grid

 www.smart2020.org



Next Stage: Developing Greener Smart Campuses 
Calit2 (UCSD & UCI) Prototypes

• Coupling the Internet and the Electrical Grid
– Choosing non-GHG Emitting Electricity Sources
– Measuring Demand at Sub-Building Levels
– Reducing Local Energy Usage via User Access Thru Web

• Transportation System 
– Campus Wireless GPS Low Carbon Fleet
– Green Software Automobile Innovations
– Driver Level Cell Phone Traffic Awareness

• Travel Substitution
– Commercial Teleconferencing
– Next Generation Global Telepresence

Student Video -- UCSD Living Laboratory for Real-World Solutions
www.gogreentube.com/watch.php?v=NDc4OTQ1 on UCSD

UCI Named ‘Best Overall' in Flex Your Power Awards 
www.today.uci.edu/news/release_detail.asp?key=1859



Making University Campuses 
Living Laboratories for the Greener Future

www.educause.edu/EDUCAUSE+Review/EDUCAUSEReviewMagazineVolume44/CampusesasLivingLaboratoriesfo/185217



Using High Definition to Link the Calit2 Buildings:
Living Greener

June 2, 2008

LifeSize System



HD Talk to Australia’s Monash University from Calit2:
Reducing International Travel

July 31, 2008

Source: David Abramson, Monash Univ

Qvidium Compressed HD ~140 mbps



The OptIPuter Project: Creating High Resolution Portals 
Over Dedicated Optical Channels to Global Science Data

Picture 
Source: Mark 
Ellisman, 
David Lee, 
Jason Leigh

Calit2 (UCSD, UCI), SDSC, and UIC Leads—Larry Smarr PI
Univ. Partners: NCSA, USC, SDSU, NW, TA&M, UvA, SARA, KISTI, AIST
Industry: IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent

Scalable 
Adaptive 
Graphics 
Environment 
(SAGE)



Linking the Calit2 Auditoriums at UCSD and UCI 
with LifeSize HD for Shared Seminars

September 8, 2009

Photo by Erik Jepsen, UC San Diego

Sept. 8, 2009



High Definition Video Connected OptIPortals:
Virtual Working Spaces for Data Intensive Research

Source: Falko Kuester, Kai Doerr Calit2; Michael Sims, NASA

NASA Ames
Lunar Science Institute
Mountain View, CA

NASA Interest 
in Supporting 

Virtual Institutes

LifeSize HD



First Tri-Continental Premier of 
a Streamed 4K Feature Film With Global HD Discussion

San Paulo, Brazil Auditorium

Keio Univ., Japan Calit2@UCSD

4K Transmission Over 10Gbps--
4 HD Projections from One 4K Projector

4K Film Director, 
Beto Souza

Source: Sheldon 
Brown, CRCA, 
Calit2



Real-Time Monitoring of Building Energy Usage:
UCSD Has 34 Buildings On-Line

http://mscada01.ucsd.edu/ion/

http://mscada01.ucsd.edu/ion/


Comparision Between UCSD Buildings:
kW/sqFt Year Since 1/1/09

Calit2 and 
CSE are Very 

Energy 
Intensive
Buildings



Power Management in Mixed Use Buildings:
The UCSD CSE Building is Energy Instrumented

• 500 Occupants, 750 Computers
• Detailed Instrumentation to Measure 

Macro and Micro-Scale Power Use 
– 39 Sensor Pods, 156 Radios, 70 Circuits
– Subsystems: Air Conditioning & Lighting

• Conclusions:
– Peak Load is Twice Base Load
– 70% of Base Load is PCs 

and Servers
– 90% of That Could Be Avoided!

Source: Rajesh Gupta, 
CSE, Calit2



Contributors to the CSE Base Load  

• IT loads account for 50% (peak) to 80% (off-peak)! 
– Includes machine room + plug loads 

• IT equipment, even when idle, not put to sleep
• Duty-Cycling IT loads essential to reduce baseline
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Source: Rajesh Gupta, UCSD CSE, Calit2



International Symposia on Green ICT:
Greening ICT and Applying ICT to Green Infrastructures

Calit2@UCSD

Webcasts Available at:
www.calit2.net/newsroom/article.php?id=1456



For Technical Details
On OptIPuter Project and OptIPortals

“OptIPlanet: The OptIPuter 
Global Collaboratory” – 

Special Section of 
Future Generations 
Computer Systems, 

Volume 25, Issue 2, 
February 2009



Smart Building and Energy Efficient PC Publications:
Rajesh Gupta Group

• Y. Agarwal, S. Savage, R. Gupta, “Sleep-servers: A software-only approach for reducing energy consumption 
of PCs within enterprise environments,” to appear at the USENIX Annual Technical Conference (USENIX ATC 
‘10), June 2010.  

• J. Kleissl and Y.j Agarwal, "Cyber-physical energy systems: focus on smart buildings,” to appear In 
Proceedings of the ACM/EDAC/IEEE Design Automation Conference (DAC '10), June 2010.

• Y. Agarwal, T. Weng, R. Gupta, “The energy dashboard: improving the visibility of energy consumption at a 
campus-wide scale,” in Proc. of the ACM Workshop on Embedded Sensing Systems for Energy-Efficiency in 
Buildings (BuildSys ‘09) , Nov 2009.

• Y. Agarwal, S. Hodges, J. Scott, R. Chandra, P. Bahl, R. Gupta, “Somniloquy: Augmenting Network Interfaces 
to Reduce PC Energy Usage,” in Proc. of USENIX Symposium on Networked Systems Design and 
Implementation (NSDI ’09), April 2009.  

• P. Verkaik, Y. Agarwal, R. Gupta, A. C. Snoeren, “SoftSpeak: Making VoIP play fair in existing 802.11 
deployments,” in Proc. of USENIX Symp. on Networked Systems Design and Implem. (NSDI ’09), April 2009.

• Y. Agarwal, T. Pering, R. Want, R. Gupta, “SwitchR: Reducing system power consumption in a multi-clients, 
multi-radio environment,” in Proc. of IEEE International Symp. of Wearable Computing (ISWC ’08), July 2008.  
                                

• Y. Agarwal, R. Chandra, A. Wolman, P. Bahl, R. Gupta, “Wireless wakeups revisited: energy management for 
VoIP over Wi-Fi smartphones,” in Proc. of ACM Mobile Systems, Apps and Services (MobiSys ’07), June 
2007. 

• T. Pering, Y. Agarwal, R.h Gupta, R. Want, “CoolSpots: Reducing the power consumption of wireless mobile 
devices with multiple radio interfaces,” in Proc. of ACM Mobile Systems, Apps and Services (MobiSys ’06), 
June 2006. 

• Y. Agarwal, C. Schurgers and R. Gupta, “Dynamic power management using on demand paging for 
networked embedded systems,” in Proc. of Asia-South Pacific Design Automation Conference (ASPDAC '05), 
Jan 2005. 
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Data Center GreenLight Publications

• M. Al-Fares, A. Loukissas, and A. Vahdat, “A scalable, commodity, data center network architecture,” in 
Proceedings of the ACM SIGCOMM Conference, Seattle, WA, August 2008.

• R. Ayoub, T. Simunic Rosing, “Predict and act: dynamic thermal management for multicore processors,” 
ISLPED’09.

• R. Ayoub, T. Simunic Rosing, “Cool and save: cooling aware dynamic workload scheduling in multi-socket 
CPU systems,” ASPDAC’10.

• R. Ayub, S. Sharifi, T. Simunic Rosing, “GentleCool: cooling aware proactive workload scheduling in multi-
machine systems,” DATE’10.

• A. Coskun, T. Simunic Rosing, K. Gross, “Proactive temperature balancing for low cost thermal management 
in MPSOCs,” ICCAD’08.

• A. Coskun, T. Simunic Rosing, K. Gross, “Proactive temperature management in MPSOCs,” ISLPED 2008.
• A. Coskun, T. Simunic Rosing, K. Gross, “Energy efficient computing using continuous telemetry harness,” 

To appear in Proceedings of Design, Automation and Test, Europe, April, 2009.
• A. Coskun, T. Simunic Rosing, “Utilizing predictors for efficient thermal management in multiprocessor 

SoCs,” IEEE TCAD, 2009.
• A. Coskun, R. Strong, D. Tullsen, T. Simunic Rosing, “Evaluating the impact of job scheduling and power 

management on processor lifetime for chip multiprocessors, “ SIGMETRICS’09.
• A. Coskun, D. Atienza, T. Simunic Rosing, “Energy-efficient variable-flow liquid cooling in 3D stacked 

architectures,” DATE’10.
• G. Dhiman, K. Pusukuri, T. Simunic Rosing, “Analysis of dynamic voltage scaling for system level energy 

management,” USENIX-HotPower, 2008.
• G. Dhiman, T. Simunic Rosing, “Using online learning for system level power management,” IEEE TCAD, 

2009.



Data Center GreenLight Publications

• G. Dhiman, R. Ayoub, G. Marchetti, T. Simunic Rosing, “vGreen: A System for energy efficient computing in 
virtualized environments,” Nominated for the best paper award at ISLPED’09.

• G. Dhiman, R. Ayoub, T. Simunic Rosing, “PDRM: A hybrid PRAM DRAM main memory system”, DAC’09. 
• D. Gupta, S. Lee, M. Vrable, S. Savage, A. C. Snoeren, G. Varghese, G. M. Voelker, & A. Vahdat, “Difference 

Engine: Harnessing Memory Redundancy in Virtual Machines,” Proceedings of the 8th ACM/USENIX Symp. 
on Operating System Design and Implementation (OSDI), San Diego, CA, Dec. 2008 (Award paper).

• G. W. Pieper, T. A. DeFanti, Q. Liu, M. Katz, P. Papadopoulos, J. Keefe, G. Hidley, G. Dawe, I. Kaufman, B. 
Glogowski, K.-W. Doerr, J. P. Schulze, F. Kuester, P. Otto, R. Rao, L. Smarr, J. Leigh, L. Renambot, A. Verlo, 
L. Long, M. Brown, D. Sandin, V. Vishwanath, R. Kooima, J. Girado, B. Jeong, "Visualizing science: the 
OptIPuter project ," SciDAC Review, Issue 12, Spring 2009, published by IOP Publishing in association with 
Argonne National Laboratory, for the DOE Office of Science. www.scidacreview.org/0902/html/esg.html

• S. Sharifi, T. Simunic Rosing, “Accurate direct and indirect on-chip temperature sensing for efficient 
dynamic thermal management,” to appear in IEEE TCAD, 2010.

• S. Sharifi, A. Coskun, T. Simunic Rosing, “Hybrid dynamic energy and thermal management in 
heterogeneous multiprocessors,” ASPDAC’10.

• B. St. Arnaud, L. Smarr, T. DeFanti, J. Sheehan, “Campuses as living laboratories for the greener future,” 
EDUCAUSE Review, Volume 44, pp. 14-33 (2009).

• B. St. Arnaud, L. Smarr, T. DeFanti, J. Sheehan, “Climate change and higher education,” EDUCAUSE Review, 
Vol. 44, web supp. www.educause.edu/library/erm0961 (2009).

• L. Smarr, “,” IEEE Internet Computing. January/February 2010, pp. 18-20. The growing interdependence of 
the Internet and climate change

• L. Smarr, “Project GreenLight: Optimizing cyberinfrastructure for a carbon-constrained world,” IEEE 
Computer, volume 43, number 1, pp.22-27 (2010).



You Can Download This Presentation 
at lsmarr.calit2.net
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