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Questions
AWhat does oOSustainable | T6 me

Als feedback control relevant to Sustainable 1T?
I What is your experience with it, both positive and negative?

AWhat are the main challenges?

I Technical
T Productization

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

AbSustainabl e pl anet-Germwekh {ibainga i
of humans and other living things

I Replenish material and energy resources
I Recycle manufacturing by - products, consumer waste

ADSustainable | T6

i Def. 1. Using IT to help make our planet more sustainable, e.g.
A Teleconferencing to reduce travel

A Using compute power to develop more efficient materials, energy sources, and
manuracturing processes

i Def. 2. Reducing enerqgy consumption and environmental impact of IT
A Reducing the energy consumption of data centers , PCs, and other IT devices
A Reducing the environmental impact (CO ,, manufacturing, €) of the
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s Feedback Control Relevant?

AYes, it is already playing an
important role, e.g.

I Enforcing server power caps to reduce
O0str and e diefupyetw EAC 2007

I Modulating Computer Room Air

Conditioning unit set points, air flow Bash et
al. ITherm 2006

AFeedback controljs.a very nice

h ammer é controller firmware on service

/ processor (Renesas H8 2168)

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

ABut we need an entire  foolchest of
control techniques!
i {Optimization, Market - based control, MDPs,

Mo d © i g, Learning, ¢ ) Operates at 16Hz; sub - second settling
I Operating at multitude of scales, from ihin 0.5W of desired .
milliseconds to hours to within O. of desired set point.

i Coordinated intelligently with one another
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Example: Coordinated power and performance

A How might semi - autonomous
power and performance agents
interact?

Mediated through coordinator
agent, or

Direct bi/multi - lateral
interactions

A Scenario (with mediation)

Performance manager observes
subset s, Of system state, and
controls application placement
and load balancing weights

Power manager observes subset
of sy, Of system state, and
controls on/off state of servers

Coordinator 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*

* Coordinator .
on — n
Upp(RT, Pwr)

on

What-if(n_; RT)? What-if(n,,: Pwr)?

—
RTeSt(nOH) Pwrest(non)

Routing weights w;

| relinquish

Performance control of

Mgr serverito

you

4
> 1 g
Sperfi | Placement P 'Spwr

L |

Kephart, Chan, Das, Levine, Tesauro, Rawson, Lefurgy. Coordinating Multiple
Autonomic Managers to Achieve Specified Power-Performance Tradeoffs. ICAC 2007.
(Emergent phenomena can occur when autonomi¢
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Fun with interacting controllers

Perf data (subset)
Perf data Pert ctrlgwr ctrl Pwr data

160 T
L TTIITTI =L . %C PUL.
120 [~ mmme ’ avg Conqurren'cy ------- o]
8o N
40
0
1 I | 1 | I
3000 F------"-"““c@“c“c@cccccoo- Ac;tual- Frequensy— -
Assumed Frequency - - - -
T, LCan A :r-'-'-"." ki |
} LI g %, o B s ]
2000 ‘.;_:h__,_? Y R VT R W RS . Bia e i bt f“’#.\.-_-,,y,;..-,e,:fap....ﬁ.I.‘al',
1 5 1 1 | 1 | 1 1 1 1
88 1 I | 1 | I 1 i I I
nAum c*ll_en’rf-‘.
40 k- arrivals ====-== |
20 VUl s, o Wb
0 l 1 1 | 1 | 1 1 1 1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 1000C
Time (seconds)

No frequency info:
spontaneous oscillations

Perf data (subset)

Clock freq

Perf ctrl
Perf data
Pwr ctrl Pwr data
160 T T T T T , : |
%CPU ——
120 |- avg Concurrency ------- g
80
40 |
0 b = e = ] i i i i i = i i i i = i ] = =
T T T T T T T T |
3000 |- Actual Frequency - |
2500 | '\ :_». I'. ; E; _
2000 f; w;* 3"5‘* ‘*“»‘W«*—»ﬂnr*wrf\'h"vﬂ --Mv-m‘&; *hi‘ "+ J;c«,,m{m,wr«t ':r.t-:»hwc
15 1 | 1 1 | | , . I
88 T | I 1 T T T — :
num clients
40 arrivals -=-----
20
0

0 1000 2000 3000 4000 5000 6000 7000 8000 2000 1000C
Time (seconds)

Freq info provided:
no oscillations

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

© 2010 IBM Corporation



Challenges

ADetermining/eliciting what are the system and local objectives
iMaintaining a target powercap, temperat ur
iMaxi mizing a utility subject to constraini

AArchitecture: what are the domains of control?
I Multi - agent algorithms and architecture (?)

AChoosing the most appropriate control mechanism for each agent

i Insights about when to use feedback, optimization (model - based, combinatorial,
€), reinforcement | earning or other MDP s

AGetting a collection of interacting controllers to work together
effectively in large, complex, decentralized systems
I Not just interacting feedback controllers!
I Negotiation among controllers to detect & resolve potentially conflicting actions
I How do other controllers guide feedback controllers? By setting their targets?
|
|

I What information or directives should controllers convey to one another?

I Raghavendra, Ranganathan, Talwar, Wang and Zhu, No Power Struggles , A SPLGOGssa 00 8
good start
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Opportunities

AWe had better figure out how Global ICT footprint (CO e, 10° tonnes)

to control large - scale o Footprint fromuse
complex systems using oo . =
federated multiple controllers .
i Data centers are just a start CAGR?
iSmart buil di ngs Y 7 e o o o

smart power grids Y smart planet

AThe | CT sectorodés own emi ss/i ons are
business as usual (BAU) scenario, from 0.53 billion tonnes (Gt)
carbon dioxide equivalent (COZ2e) in 2002 to 1.43 GtCOZe in 2020.
But specific ICT opportunities identified in this report can lead to
emi ss/i on reductions i ve i1 mes I he
footprint, up to 7.8 GtCOZe, or 15% of total BAU emissions by
2020.

I SMART 2020: Enabling the low carbon economy in the information age
(www.smart2020.0rg)

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

© 2010 IBM Corporation



Thank you!
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