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Agenda

A Internet-Scale Service Environmegssss
I Industry & technology trends \

I Some opportunities while others to |
worked around

A Techniques & Distributed Systems
Challenges

I Approaches to scaling to, and beyot
1075 servers

I Trail of interesting distributed system
problems
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Background & Bilases

A 15 years in database engine development
i Lead architect on IBM DB2 '
I Architect on SQL Server

fulltext search executlon engine, cllent protocols

A Led Exchange Hosted Services Team
i Mid-sized: ~700 servers in 10 DCs wavide [ i....
A Architect on the Windows Live Platform || e

i Live Mesh, Messenger Server, Spaces bac T
Live Storage, ldentity Services, Groups, et = M

A Currently Data Center Futures architect

""4“
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Services Economies of Scale

A Substantial economies of scale possible
A Compare a very large service with a small/sized: (~1000 servers):

Large Service [$13/Mbps]: $0.04/GB
Medium [$95/Mbps]: $0.30/GB (7.1x)

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)

A High cost of entry
I Physical plant expensive: 15MW roughly $200M

A Summary: significant economies of scale but at very high cost of entry
I Small number of large players likely outcome
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Automation over Scalap Consolidation

A Enterprise Approach:
I Largest cost is peoplescales roughly with servers (~100:1 common)

I Enterprise interests center around consolidation & utilization
A Consolidate workload onto fewer, larger systems
A Large SANSs for storage & large routers for networking

A Internet-Scale Services Approach:

I Largest costs is server H/W
A Typically followed by cooling, power distribution, power
A Networking varies from very low to dominant depending upon service
A People costs under 10% & often under 5% (>1000+:1 server:admin)

I Services interests centered around wal@ne-per-$ (or watt)
A Scale out over up, commodity components, exploit scale economics
A Services continue to drive distributed systems innovation
I Services model starting to show up in some enterprise app areas



Limits to Computation

A Processor cycles are cheap & getting cheaper

A What limits the application of infinite cores?
1. Power: cost rising & will dominate
2. Communications: getting data to processor

A The most suMoore attributes typically require
the most innovation
I Infinite processors require infinite power
I Getting data to processors in time to use next cycle:
A Caches, muii KNS RAYy 3> L[t XX
A All techniques consume power
A Power & communications key constraints
I Impacts DC design, server design, & S/W architecture
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Latency Lags Bandwidth
CPU | DRAM  LAN

Annual bandwidth improvement ‘ 15 1_27‘ 1.39 1.28

(all milestones)

Annual latency Improvement

: 1.17 1.07 1.12 1.11
(all milestones)

A CPU oupacing all means to feed it

A Bandwidth outpacing latency across all dimensions

A Additional bandwidth can be achieved via daith parallelism
I No joy on latency & again power limits parallelism

AldoofSQa 9ELI YRAY3I ' yvADBSNASY
I Everything is getting further away from everything gkse Helland]

A Expect many simple, lefvequency processors with lopower sleep
I Ironically: Applies both to data center & edge devices

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

A Assumptions: '
i Facility: ~$200M for 15MW facility (3®ar amort.)

I Servers: ~$2k/each, roughly 50,000yE&ar amort.)
I Commercial Power: €807/kWhr(sometimes less)
I Onsite Sec & Admin: 15 people @ ~$100k/annuz

A Run the numbers:
i $2.9M/month on server amortization (w/o networking)
A =PMT(5%/12,12*3,50000%2000,0,1) => ($2,984,653.65)
$1.7M/month on data center amortization, onsite security & admin
A =PMT(5%/12,12*15,200000000,0{M)00000/12*15) => ($1,700,024.65)
I $1.3M/month on power
A =15,000,000/1000*1.7*0.07*24*31 => (1,328,040)
A $0.9M/month @ $0.05¢Whr
A $1.9M/month @ $0.10{Whr

A Observation
i $3M/month from charges functionally related to power

Power related costs trending flat or up while server costs trending down
8

i
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Where Does the Power Go?

A Assuming an average data center with PUE ~1.7
I Power Usage Effectiveness: Tdtdilitiespower/criticalload-power
I Each watt to server lose®97Wto power distribution & cooling

A Power losses are easier to track than cooling:
I Transformer losses: 3 transformers at 99.7% efficiemgy
I UPS losses: at 94% efficien@yter available)
I Power transmission & switching losses: 99% efficiency
i 0.99773*0.94*0.99 => 0.9 -
i Cooling losses remainder 1:089+9) => 32%

A Data center power consumption:
I IT load (servers): 1/1.7=> 59%
I Distribution Losses: 9%
I Mechanical load(cooling): 32%
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Agenda

A Internet-Scale Service Environmesssiss
I Industry & technology trends \

i Some opportunities while others to | I
worked around il

A Techniques & Distributed Systemis
Challenges

I Approaches to scaling, to and beya
1075 servers

I Trail of interesting distributed system
problems
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Partitioned & Redundant

ey

partitioning & redundancy
I Internet-scale through partitioning

I Over 4 nines only through redundanc

A Best hardware never good enough
A Highly reliable S/W evolves VERY slowl

A Lower quality hardware in large numbers more
reliable in aggregate than higguality hardware

A Repeating a trend seen before in disk
I EXxpect the same trend to again play out in networking

A Reliable service built on unreliable S/W & H/W
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ROC Service Design Pattern

A RecoveiOriented Computing (ROC)
I Assume software & hardware will fail frequently & unpredictably
I Only affordable admin model at high scale

A Heavily instrument applications to detect failures

App 20T Bug - Bohr bug:Repeatable functional
| software issue (functional bugs); should

be rare in production

Heisenbug

HeisenbugSoftware issue that only
occurs in unusual crogsquest timing
Issues or the pattern of long sequences
of independent operations; some found
only in production

Failure

Failure

Failure

e Take machine out of rotation and power down
e Set LCD/LED to "needs service"
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Relaxed Consistency Models

A Full ACID semantics unaffordable in real distributed

systems

I Consistency, availability, or partitignlerance
A Pick any two*

I Financial transactions often used as examples of needing
ACID yet twegphased commit seldom used
A Relax consistency model exploiting knowledge of

application semantics
I Caches & temporal inconsistency

A Hairball problem in social networks
I Redundant application maintained partitioned views
I Caching (e.gnemcachel

* CAP Conjecture, Eric Brewer



{2YS 5F0F at dz
- And -Some to Edge

A User data pulled to the edge (close to user)

I Highly interactive web applications

i Social & political restrictions on data movement
A e.g. Patriot Act concerns & jurisdictional restrictions

I Application & data availab'i'lity

I Techniques:
A Content Distribution Networks
A Geopartitioned and/or geeredundant applications

A Aggregated data pulled to network core

I Data mining & analysis workloads run central .
A'e.g. MapReduce workloads



HighScale Data Analysis

A Yield management first used by airlines
I Airplane more expensive than computation

A Falling cost of computing allows yield
management of more resources

A Heavily used in retail:
i Shelfspace optimization, supp@ K| Ay Y3IYiZ X

A Financial community has widely implemented automated
trading & data analysis compute farms of 1,000s of nodes

A Analysis systems dominate transactional systems
I Transactional workloadrowth tend to be related to business growth
I Analysis workloadrowth bounded only by dcline cost of computing



