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management cost

• Single point of failure
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Any machine can act as a proxy (manager) forAny machine can act as a proxy (manager) for 
sleeping machines on the subnet
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• Subnet domainsSubnet domains

• Load‐sensitive, unreliable machinesLoad sensitive, unreliable machines

• Single administrative domainSingle administrative domain

• Availability most importanty p
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Deployment in MicrosoftDeployment in Microsoft

• C# codeC# code
– Interfaces with packet 
sniffer/network driver

• Client GUI for users and 
d l teasy deployment

• Pilot on 1 100 machinesPilot on 1,100 machines



EvaluationEvaluation

• Logs from 101 Windows 7 machines Feb –Logs from 101 Windows 7 machines, Feb. 
Sep. 2011

• Questions:
– Does GreenUp consistently wake machines whenDoes GreenUp consistently wake machines when 
accessed?

– Does it do so in time to meet user patience?Does it do so in time to meet user patience?
– Can GreenUp scale to large subnets?
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GreenUp wakes machines quicklyGreenUp wakes machines quickly

87% of wakeups 
take < 9 sec

13% of users give up after 
3 sec (port scanners?)

• Convolving: GreenUp wakes machines before userConvolving: GreenUp wakes machines before user 
gives up 85% of the time
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• Sources of manager loadSources of manager load
– Intercept traffic for asleep machines
Broadcast state– Broadcast state

– Probe/respond to probes
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GreenUp scales to large subnetsGreenUp scales to large subnets

Good load balance +
h k henough awake machines 

few managed machines!
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Does GreenUp save more energy?Does GreenUp save more energy?

• Energy savings depends on sleep timeEnergy savings depends on sleep time

• IT enforces sleep policy at Microsoft, so hardIT enforces sleep policy at Microsoft, so hard 
to tell
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Extension: Higher availability via 
l l d h d ffexplicit load hand‐off

+
M5

• Theorem Expected max
M2

M5

M6 • Theorem. Expected max 
load = n/d  Hd.M3

M6

M7
M4

# awake 
machines

Harmonic 
numbers
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M8 M9M1



Other solutionsOther solutions

• Sleep proxy idea: Christensen & Gulledge ’98Sleep proxy idea: Christensen & Gulledge 98
• Recently:

System Technique
Somniloquy, NSDI ’09  augmented NICsq y, g
LiteGreen, ATC ’10
Jettison, EuroSys ’12  VM migration

SleepServer, ATC ’10  application stubs
Nedevschi et al., NSDI ’08 
Reich et al ATC ’10 dedicated serversReich et al., ATC  10



Other solutionsOther solutions

• Sleep proxy idea: Christensen & Gulledge ’98Barriers to Sleep proxy idea: Christensen & Gulledge 98
• Recently:

deployment

System Technique
Somniloquy, NSDI ’09  augmented NICsq y, g
LiteGreen, ATC ’10
Jettison, EuroSys ’12  VM migration

SleepServer, ATC ’10  application stubs
Nedevschi et al., NSDI ’08 
Reich et al ATC ’10 dedicated serversReich et al., ATC  10



GreenUpGreenUp

• Completely decentralized software‐onlyCompletely decentralized, software only  
sleep proxy

• Useful distributed systems techniques

• High availability at low cost, even as   
machines sleep!machines sleep!

http://research.microsoft.com/en‐us/projects/greenup/http://research.microsoft.com/en us/projects/greenup/


