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ά¢ƘŜ ƛƴǘŜǊŜǎǘƛƴƎ ǘƘƛƴƎ ŀōƻǳǘ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎ ƛǎ ǘƘŀǘ 
ǿŜΩǾŜ ǊŜŘŜŦƛƴŜŘ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎ ǘƻ ƛƴŎƭǳŘŜ ŜǾŜǊȅǘƘƛƴƎ 
that we already do. Maybe LΩƳ ŀƴ ƛŘƛƻǘΣ ōǳǘ L ƘŀǾŜ ƴƻ 
ƛŘŜŀ ǿƘŀǘ ŀƴȅƻƴŜ ƛǎ ǘŀƭƪƛƴƎ ŀōƻǳǘΦ ²Ƙŀǘ ƛǎ ƛǘΚ LǘΩǎ 
ŎƻƳǇƭŜǘŜ ƎƛōōŜǊƛǎƘΦ LǘΩǎ ƛƴǎŀƴŜΦ ²ƘŜƴ ƛǎ ǘƘƛǎ ƛŘƛƻŎȅ 
going to stopΚέ

Larry Elison

hǊŀŎƭŜΩǎ Ŏƻ-founder
ά!ǇǇǎ ŘŜƭƛǾŜǊŜŘ ŀǎ ǎŜǊǾƛŎŜǎ ƻǾŜǊ ǘƘŜ LƴǘŜǊƴŜǘ  ŀƴŘ ǘƘŜ Data Center 
ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ ǇǊƻǾƛŘƛƴƎ ǘƘŜƳέ

MichealArmburstŜǘ ŀƭΦ ά!ōƻǾŜ ǘƘŜ /ƭƻǳŘǎέΣ ¦/ .ŜǊƪƭŜȅ
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ά!ǇǇǎ ŘŜƭƛǾŜǊŜŘ ŀǎ ǎŜǊǾƛŎŜǎ ƻǾŜǊ ǘƘŜ 
Internet  and the Data Center hardware 
ŀƴŘ ǎƻŦǘǿŀǊŜ ǇǊƻǾƛŘƛƴƎ ǘƘŜƳέ

MichealArmburstet al. 
ά!ōƻǾŜ ǘƘŜ /ƭƻǳŘǎέΣ ¦/ .ŜǊƪƭŜȅ
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ÅAmazon EC2
ïuser can control the whole swstack (through Xen)
ïhard to scale

ÅGoogle App Engine
ïtargets exclusively web applications
ïconstrained stateless/statefultier
ïautomatic scaling

ÅWindows Azure
ï.NET environment
ïauto provisioning of stateless app
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Data Centers are the key enablers 
for Cloud Computing
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ÅtǊƻǾƛŘŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜ
ïeconomies of scales 

Åcheaper electricity, hardware, network, and operations

Åanalogous to semi-conductor market (e.g., nVidia)

ïmassive infrastructure already in place
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ÅhƪΣ ōǳǘ ƘȅǇŜ ǊŜƳƻǾŜŘΣ ƛǎƴΩǘ ŀ 5/ 
just a bigger cluster?
ÅYes...
ïsome ideas can be re-used / extended

Å...and NO
ïlarger scale (tens/hundreds of thousands of node)
ïlow-end servers
ïhigher failure rate 
ïavailability more important than consistency (CAP)
ïseveral applications running concurrently
ïemphasis on energy
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ÅIntroduction

ÅHardware

ÅEnergy

ÅSoftware

ÅNetwork

ÅTakeaways
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ÅTypical first year for a new cluster
ï ~0.5 overheating(power down most machines in <5 mins, ~1-2 days to recover)
ï ~1 PDUfailure (~500-1000 machines suddenly disappear, ~6 hours to come back)
ï ~1rack-move(plenty of warning, ~500-1000 machines powered down, ~6 hours)
ï ~1 network rewiring(rolling ~5% of machines down over 2-day span)
ï ~20 rackfailures(40-80 machines instantly disappear, 1-6 hours to get back)
ï ~5 racksgowonky(40-80 machines see 50% packet loss)
ï ~8 networkmaintenances(4 might cause ~30-minute connectivity losses)
ï ~12 router reloads(takes out DNS and external vipsfor a couple minutes)
ï ~3 router failures(have to immediately pull traffic for an hour)
ï ~dozens of minor 30-secondblipsfor DNS
ï ~1000 individualmachinefailures
ï ~thousands of hard drive failures
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3.5 inches thick--2U, or 2 rack units
12-volt battery as UPS (increased reliability)
2 AMD/Intel x86 processors
8 memory slot
2 hard drives
removed all USB plugs, graphic card, etc.

ÅSource: Google, April 2009
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