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Agenda

ÅInternet-Scale Service Environment

ïIndustry & technology trends

ïSome opportunities while others to be 
worked around

ÅTechniques & Distributed Systems 
Challenges

ïApproaches to scaling to, and  beyond, 
10^5 servers

ïTrail of interesting distributed systems 
problems
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Å15 years in database engine development
ïLead architect on IBM DB2

ïArchitect on SQL Server
ÅHave led: Optimizer, SQL compiler, XML, client APIs, 

fulltext search, execution engine, client protocols, etc.

ÅLed Exchange Hosted Services Team
ïMid-sized: ~700 servers in 10 DCs world-wide

ÅArchitect on the Windows Live Platform
ïLive Mesh, Messenger Server, Spaces backed, 

Live Storage, Identity Services, Groups, etc.

ÅCurrently Data Center Futures architect

Background & Biases
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Admin

Storage

Networking

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/Mbps]: $0.04/GB

Medium [$95/Mbps]: $0.30/GB (7.1x)

Å Substantial economies of scale possible

Å Compare a very large service with a 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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Automation over Scale-up Consolidation

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 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 centered around work-done-per-$ (or watt)

ÅScale out over up, commodity components, exploit scale economics

ÅServices continue to drive distributed systems innovation
ïServices model starting to show up in some enterprise app areas
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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

ÅPower & communications key constraints
ï Impacts DC design, server design, & S/W architecture
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Latency Lags Bandwidth

Å CPU out-pacing all means to feed it 

Å Bandwidth out-pacing latency across all dimensions

Å Additional bandwidth can be achieved via data-path parallelism

ï No joy on latency & again power limits parallelism

Å IǳōōƭŜΩǎ 9ȄǇŀƴŘƛƴƎ ¦ƴƛǾŜǊǎŜΥ 

ï Everything is getting further away from everything else [Pat Helland]

Å Expect many simple, low-frequency processors with low-power sleep

ï Ironically: Applies both to data center & edge devices
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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

Table from Dave Patterson: Why Latency Lags Bandwidth and What It Means to Computing
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Power & Related Costs Will Dominate

Å Assumptions:
ï Facility: ~$200M for 15MW facility (15-year amort.)

ï Servers: ~$2k/each, roughly 50,000 (3-year amort.)

ï Commercial Power: ~$0.07/kWhr(sometimes less)

ï On-site Sec & Admin: 15 people @ ~$100k/annual

Å Run the numbers: 
ï $2.9M/month on server amortization (w/o networking)

Å =PMT(5%/12,12*3,50000*2000,0,1) => ($2,984,653.65) 

ï $1.7M/month on data center amortization, onsite security & admin
Å =PMT(5%/12,12*15,200000000,0,1)-(100000/12*15) => ($1,700,024.65) 

ï $1.3M/month on power
Å =15,000,000/1000*1.7*0.07*24*31 => (1,328,040) 

Å $0.9M/month @ $0.05/kWhr

Å $1.9M/month @ $0.10/kWhr

Å Observation: 
ï $3M/month from charges functionally related to power

ï Power related costs trending flat or up while server costs trending down
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Where Does the Power Go?

ÅAssuming an average data center with PUE ~1.7
ïPower Usage Effectiveness: Total-facilities-power/critical-load-power

ïEach watt to server loses ~0.7W to power distribution & cooling

ÅPower losses are easier to track than cooling:
ïTransformer losses: 3 transformers at 99.7% efficiency (high)

ïUPS losses: at 94% efficiency (better available)

ïPower transmission & switching losses: 99% efficiency

ï0.997^3*0.94*0.99 => 0.9

ïCooling losses remainder 100-(59+9) => 32%

ÅData center power consumption:
ï IT load (servers): 1/1.7=> 59%

ïDistribution Losses: 9%

ïMechanical load(cooling): 32%
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Partitioned & Redundant

ÅScalability & availability only achieved through 
partitioning & redundancy
ïInternet-scale through partitioning

ïOver 4 nines only through redundancy
ÅBest hardware never good enough

ÅHighly reliable S/W evolves VERY slowly

ÅLower quality hardware in large numbers more 
reliable in aggregate than high-quality hardware

ÅRepeating a trend seen before in disk
ïExpect the same trend to again play out in networking

ÅReliable service built on unreliable S/W & H/W
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ROC Service Design Pattern
ÅRecover-Oriented Computing (ROC)
ïAssume software & hardware will fail frequently & unpredictably

ïOnly affordable admin model at high scale

ÅHeavily instrument applications to detect failures
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App
Bohr Bug Bohr bug: Repeatable functional 

software issue (functional bugs); should 
be rare in production

Heisenbug:Software issue that only 
occurs in unusual cross-request timing 
issues or the pattern of long sequences 
of independent operations; some found 
only in production

Urgent 
Alert

Heisenbug

Reboot
Failure

Probation 
(no action)

Re-image
Failure

Remove
Failure

Take machine out of rotation and power down

Set LCD/LED to "needs service"
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Relaxed Consistency Models
ÅFull ACID semantics unaffordable in real distributed 

systems
ïConsistency, availability, or partition-tolerance
ÅPick any two*

ïFinancial transactions often used as examples of needing 
ACID yet two-phased commit seldom used

ÅRelax consistency model exploiting knowledge of 
application semantics
ïCaches & temporal inconsistency

ÅHairball problem in social networks
ïRedundant application maintained partitioned views

ïCaching (e.g. memcached)
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* CAP Conjecture, Eric Brewer
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{ƻƳŜ 5ŀǘŀ άtǳƭƭŜŘέ ǘƻ /ƻǊŜ 
And Some to Edge

ÅUser data pulled to the edge (close to user)
ïHighly interactive web applications

ïSocial & political restrictions on data movement

Åe.g. Patriot Act concerns & jurisdictional restrictions

ïApplication & data availability

ïTechniques:

ÅContent Distribution Networks

ÅGeo-partitioned and/or geo-redundant applications

ÅAggregated data pulled to network core
ïData mining & analysis workloads run central

Åe.g. MapReduce workloads
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High-Scale Data Analysis

ÅYield management first used by airlines
ïAirplane more expensive than computation

ÅFalling cost of computing allows yield-
management of more resources

ÅHeavily used in retail:
ïShelf-space optimization, supply-ŎƘŀƛƴ ƳƎƳǘΣ Χ
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ÅFinancial community has widely implemented automated 
trading & data analysis compute farms of 1,000s of nodes

ÅAnalysis systems dominate transactional systems
ïTransactional workloadgrowth tend to be related to business growth

ïAnalysis workloadgrowth bounded only by decline cost of computing
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