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Questions

ÁWhat does òSustainable ITó mean to you?

ÁIs feedback control relevant to Sustainable IT?
ïWhat is your experience with it, both positive and negative?

ÁWhat are the main challenges? 
ïTechnical

ïProductization

ÁWhat are the main opportunities (5 - 10 yr timeframe)?
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What is Sustainable IT?

ÁòSustainable planetó: Maintain the long- term well - being 
of humans and other living things
ïReplenish material and energy resources

ïRecycle manufacturing by - products, consumer waste

ÁòSustainable ITó
ïDef. 1. Using IT to help make our planet more sustainable, e.g.
ÅTeleconferencing to reduce travel

ÅUsing compute power to develop more efficient materials, energy sources, and 
manufacturing processes

ïDef. 2. Reducing energy consumption and environmental impact of IT
ÅReducing the energy consumption of data centers , PCs, and other IT devices

ÅReducing the environmental impact (CO 2, manufacturing, é) of the above
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Is Feedback Control Relevant?

ÁYes, it is already playing an 
important role, e.g.
ïEnforcing server power caps to reduce 
òstranded poweró Lefurgy et al. ICAC 2007

ïModulating Computer Room Air 
Conditioning unit set points, air flow Bash et 
al. ITherm 2006

ÁFeedback control is a very nice 
hammeré

ÁBut we need an entire toolchest of 
control techniques!
ï{Optimization, Market - based control, MDPs, 
Modeling, Learning, é}
ïOperating at multitude of scales, from 

milliseconds to hours
ïCoordinated intelligently with one another

Proportional controller adjusts Intel 
processor p and t states to ensure that 
server power consumption does not 
exceed a given power cap.

Operates at 16Hz; sub - second settling 
to within 0.5W of desired set point.
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Example: Coordinated power and performance

ÁHow might semi - autonomous 
power and performance agents 
interact? 
ïMediated through coordinator 

agent, or

ïDirect bi/multi - lateral 
interactions

ÁScenario (with mediation)
ïPerformance manager observes 

subset sperf of system state, and 
controls application placement 
and load balancing weights

ïPower manager observes subset 
of spwr of system state, and 
controls on/off state of servers

ïCoordinator understands overall 
power - performance tradeoffs as 
expressed in a joint utility 
function, and queries 
performance and power agents 
for likely impact when n servers 
are turned on, finding optimal 
number n*
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control of 

server i to 

you

Performance 
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Power 
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Kephart, Chan, Das, Levine, Tesauro, Rawson, Lefurgy. Coordinating Multiple 

Autonomic Managers to Achieve Specified Power-Performance Tradeoffs. ICAC 2007.
(Emergent phenomena can occur when autonomic managers donôt communicate effectively.)
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Fun with interacting controllers

No frequency info: 

spontaneous oscillations

Freq info provided: 

no oscillations
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Challenges

ÁDetermining/eliciting what are the system and local objectives
ïMaintaining a target powercap, temperature, é 
ïMaximizing a utility subject to constraints (power, performance, availability é)

ÁArchitecture: what are the domains of control?
ïMulti - agent algorithms and architecture (?)

ÁChoosing the most appropriate control mechanism for each agent
ïInsights about when to use feedback, optimization (model - based, combinatorial, 
é), reinforcement learning or other MDP solvers

ÁGetting a collection of interacting controllers to work together 
effectively in large, complex, decentralized systems
ïNot just interacting feedback controllers!
ïNegotiation among controllers to detect & resolve potentially conflicting actions
ïHow do other controllers guide feedback controllers? By setting their targets?
ïWhat information or directives should controllers convey to one another?
ïRaghavendra, Ranganathan, Talwar, Wang and Zhu, No Power Struggles , ASPLOS õ08is a 

good start



© 2010 IBM Corporation

Opportunities and Challenges for Feedback Control in Sustainable IT, FeBID 2010 Panel, April 13, 2010

Opportunities

ÁWe had better figure out how 
to control large - scale 
complex systems using 
federated multiple controllers
ïData centers are just a start

ïSmart buildings Ҷ smart cities Ҷ 
smart power grids Ҷ smart planet

ÁThe ICT sectorõs own emissions are expected to increase, in a 
business as usual (BAU) scenario, from 0.53 billion tonnes (Gt) 
carbon dioxide equivalent (CO2e) in 2002 to 1.43 GtCO2e in 2020. 
But specific ICT opportunities identified in this report can lead to 
emission reductions five times the size of the sectorõs own 
footprint, up to 7.8 GtCO2e, or 15% of total BAU emissions by 
2020.
ïSMART 2020: Enabling the low carbon economy in the information age 

(www.smart2020.org)

Global ICT footprint (C0 2e, 10 9 tonnes)
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Thank you!

Source: If applicable, describe source origin


