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Agenda

ÅServices economies of scale

ÅServices != enterprise IT

ÅSpeeds, feeds, & trends in 
servers & high-scale services

ÅSelection S/W & H/W 
techniques used to scale

ÅSummary
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Background & biases
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Å15 years in database engine development

ïLead architect on IBM DB2

ïArchitect on SQL Server

ÅPast 5 years in services

ïLed Exchange Hosted Services Team

ïArchitect on the Windows Live Platform

ïArchitect on Amazon Web Services

ÅTalk does not necessarily represent 
positions of current or past employers
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Services Economies of Scale

Å High cost of entry

ï Physical plant expensive: 15MW roughly $200M

Å Summary: significant economies of scale but at very high cost of entry

ï Small number of large players likely outcome
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Large Service [$13/Mb/s/mth]: $0.04/GB

Medium [$95/Mb/s/mth]: $0.30/GB (7.1x)

Å Substantial economies of scale possible

Å 2006 comparison of very large service with small/mid-sized: (~1000 servers):

Large Service: $4.6/GB/year (2x in 2 DC)

Medium: $26.00/GB/year* (5.7x)

Large Service: Over 1.000 servers/admin

Enterprise: ~140 servers/admin (7.1x)
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Services Different from Enterprises

ÅEnterprise Approach:
ïLargest cost is people -- scales roughly with servers (~100:1 common)

ïEnterprise interests center around consolidation & utilization
ÅConsolidate workload onto fewer, larger systems

ÅLarge SANs for storage & large routers for networking

Å Internet-Scale Services Approach:
ïLargest costs is server & storage H/W 

ÅTypically followed by cooling, power distribution, power

ÅNetworking  varies from very low to dominant depending upon service

ÅPeople costs under 10% & often under 5% (>1000+:1 server:admin)

ïServices interests center around work-done-per-$ (or joule)

ÅObservations:
Å People costs shift from top to nearly irrelevant. 

Å Expect high-scale service techniques to spread to enterprise

Å Focus instead on work done/$ & work done/joule
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Limits to Computation

ÅProcessor cycles are cheap & getting cheaper

ÅWhat limits the application of infinite cores?

1. Power: cost rising & will dominate

2. Communications: getting data to processor

ÅThe most sub-Moore attributes typically require 
the most innovation

ï Infinite processors require infinite power

ïGetting data to processors in time to use next cycle:

ÅCaches, multi-ǘƘǊŜŀŘƛƴƎΣ L[tΣΧ

ÅAll techniques consume power

ÅConclusion: power & commkey constraints
ï Impacts DC design, server design, & S/W architecture
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CPU DRAM LAN Disk

Annual bandwidth improvement 
(all milestones)

1.5 1.27 1.39 1.28

Annual latency Improvement 
(all milestones)

1.17 1.07 1.12 1.11

Storage B/W lagging Memory & CPU

ÅCPU out-pacing all means to feed them

ÅIǳōōƭŜΩǎ 9ȄǇŀƴŘƛƴƎ ¦ƴƛǾŜǊǎŜΥ 
ïEverything is getting further away from everything else [Pat Helland]

Å{ǇŜŎƛŦƛŎŀƭƭȅΣ Řƛǎƪ ƛǎ ƎŜǘǘƛƴƎ άŦǳǊǘƘŜǊέ ŀǿŀȅ ŦǊƻƳ ƳŜƳƻǊȅ 
sub-system driving larger memories and/or more disks

Table from Dave Patterson: Why Latency Lags Bandwidth and What It Means to Computing
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Memory wall

Storage Chasm
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Disk Random BW vs Sequential BW

ÅDisk sequential BW lagging DRAM and CPU
ÅDisk random access BW growth roughly 10% of sequential BW 

growth
ÅConclusion: Storage Chasm widening requiring larger 

memories & more disks

Source: Dave Patterson with 

James Hamilton updates
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Power & Related Costs Dominate
Å Assumptions:

ï Facility: ~$200M for 15MW facility (15-year amort.)
ï Servers: ~$2k/each, roughly 50,000 (3-year amort.)
ï Average server power draw at 30% utilization: 80%
ï Commercial Power: ~$0.07/kWhr

Å Observations:
Å $2.3M/month from charges functionally related to power

Å Power related costs trending flat or up while server costs trending down

$2,997,090$1,296,902

$1,042,440

$284,686
Servers

Power & Cooling 
Infrastructure

Power

Other Infrastructure

3yr server & 15 yr infrastructure amortization

Details at: http://perspectives.mvdirona.com/2008/11/28/CostOfPowerInLargeScaleDataCenters.aspx

Monthly Costs
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Fully Burdened Cost of Power

ÅInfrastructure cost/watt:

Å15 year amortization & 5% money cost

Å=PMT(5%,15,2MM,0)/(15MW) => 
$1.28/W/yr

ÅCost per watt using $0.07 Kw*hr:

Å=-0.07*1.7/1000*0.8*24*365=> 
$0.83/W/yr (@80% power utilization)

ÅAnnually fully burdened cost of power:

Å$1.28 + $0.83 => $2.11/W/yr
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Details at: http://perspectives.mvdirona.com/2008/12/06/AnnualFullyBurdenedCostOfPower.aspx
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