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Fun facts about datacenters
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Potential roadblocks for future growth

ºCost reduction

ºSwitch to commodity servers

º Improved power delivery & cooling

ºCapability scaling

ºMore datacenters

ºMore servers per datacenter

ºCPU vendors will make better chips

David Lo Oral Defense April 7, 2015 7

One time trick

Diminishing returns

@60MW per DC

End of voltage scaling

>$2B per DC 



But the datacenters are poorly utilized!

Twitter Google
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[Delimitrouõ14] [Barrosoõ09]

ºLow utilization in large -scale clouds, even with automated 
management systems

20% avg. utilization 30% avg. utilization



Which is bad for energy efficiency
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Utilization

Power vs. utilization ºServers still use lots of power 
when not running at peak

ºGoogle: 70% peak power

ºTwitter: 60% peak power

ºUsing 30 nuclear plants, but 
should only be using 10 -15



Bad for cost efficiency

Datacenter Costs
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ºMost of the costs are in 
capital equipment

ºGoogle : 59% wasted $

ºTwitter: 67% wasted $

º> $1B potential waste on 
one datacenter

61%16%

14%

6%

3%

Servers

Energy

Cooling

Networking

Other

[J. Hamilton, http://mvdirona.com]

Capital costs



What datacenters need to do better

ºBetter energy efficiency

ºLessen/eliminate wasted power at lower utilizations

ºBetter resource efficiency

º Improve utilization in the datacenter
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Outline

ºCauses of low efficiency in the datacenter

ºMy contributions towards improving efficiency

ºAutoturbo : improving energy efficiency [HPCA ô14]

ºOLDIsim: scale -out benchmark [Released by Google]

ºPEGASUS: improving energy efficiency [ISCA ô14]

ºHeracles: improving resource efficiency [To appear ISCA ô15]
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Causes of low efficiency in 

datacenters
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The applications running in a datacenter

ºBatch workloads

ºExamples: analytics, log processing, training neural networks

ºThroughput oriented

ºLatency -critical workloads

ºExamples: Google.com, Facebook.com, Twitter.com

ºUser-facing, extremely sensitive to latency
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Largest class of latency -critical workloads

ºOn -line Data Intensive ( OLDI) workloads are user -facing 
workloads that mine massive datasets across many servers

ºStrict Service Level Objectives ( SLO): e.g. 99%-ile tail latency is 5ms

ºHigh fan -out with large distributed state

ºA substantial class of workloads in the datacenter

ºDriven by growth in web services and cloud computing

ºGoogle, Facebook, Twitter, RAMCloud , etc.
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An example OLDI workload: websearch
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Why is utilization so low?

ºUnderutilization is structurally ingrained in OLDI workloads

ºDiurnal user traffic (e.g. users are sleeping at 3am)

ºPlanning for high traffic events (e.g. Black Friday)

ºOLDI workloads are run on dedicated servers
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Fundamental

By design



Poor energy efficiency at low utilizations
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Power vs. utilization

Ideal EP

A reasonable expectation for òpay as you useó, 

i.e. energy proportional



Poor energy efficiency at low utilizations
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Power vs. utilization

Ideal EP Dynamic EP

Even when idle, servers still use 

power (fans, DRAM refresh, etc.)



Poor energy efficiency at low utilizations
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Power vs. utilization

Ideal EP Dynamic EP Actual

Actual power used is far worse than expected

1.5x power of dynamic EP



òCommon wisdomsó regarding efficiency

ºStuck with low server utilization and poor energy efficiency

ºClaim 1 : hard to improve energy efficiency

ºPower management techniques cause latency violations

ºClaim 2 : hard to increase utilization

ºCo -locating workloads also causes latency violations
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