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Google data center locations




A closer look
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A datacenter has 50 - 250 containers
A container has 1,000 - 2,000 servers

A server has two processors, 2 disks, tons of memory,
battery backup

Processors are chosen for power efficiency, not
performance



Some facts about data centers

Google has ~0.9 million servers in its all DCs
— 260M watts of power = 0.01% of global energy

Facebook processes 750TB of data every day
— Around 7PB of photo storage from its facility every month

Amazon serves ~40 PB of videos per month
— Around 450,000 servers

Microsoft has 1,000,000 servers
— It has so far spent around $23 billion



What do these numbers imply?

* Fueling the Internet
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« Too big to fail

Google Outage on 17th Aug 2013

40% drop in Internet traffic

$545,000 revenue loss for 5 min



Personal computing
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Cloud email accessed through the browser
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... with the cloud provider’'s domain name ...

) Gmail - Inbox - lazowska@gmail.com - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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Compose Mail CCIE Training + JOB - www._lanwanprofessional.com - Includes CCNA, CCNP, CCIE Training $90,000 - $150,000+ | IT FSponsored Link =
Archive | Reportspam Delete Movetow Labelsw More actions v | Refresh 1-20f2
Starred ¥¢ Select: All, None, Read, Unread. Starred. Unstarred
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Done
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or with your own

) Lazowska/Downs Family Mail - Inbox (1) - ed@lazowska.org - Mozilla Firefox @ '
File Edit View History Bookmarks Tools Help =
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WWGP [0  David, me, Hank, van (8) FW: Lawyer for parenting plan issues - more than you know. | again got dr: Aug 5
13 morey O  Amazon.com Shipping update for your Amazon.com order 002-8432582-6117803 - Dear « Aug 4
[0  Amazon.com Your Amazon.com Purchase from Miriam Holdings LLC - Dear ed@lazows Aug 4
g’;i—zds [0 ¥% me. Kroll (11) UW CSE Kindle DX allocation - FYI... here are the serial numbers B00418: 4 Aug 4
S— 0  Amazon.com Your Amazon.com Order (D01-4722560-1980766) - Amazon.com logo your Aug 2
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Why not office applications too?
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) Google Docs - All items - Mozilla Firefox

File Edit View History

Bookmarks Tools Help

r c X {ar (_é]http://docs.google.com/:all
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| "] UW CSE News > Edit Post — WordPress || ] _@ Google Docs - All items %] [

Mail Calendar Documents Photos Reader Sites Web more v

Google docs |

™ New ~ Upload ‘

ed@lazowska.org | New! Submit a template | Offline | Settings | Help | Sign out

|[ Search Docs J [ Search Templates

Show search options

™ Moveto > ¥ Hide

Browse template gallery

M Delete Rename More actions
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® [ Myfolders
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YESTERDAY

Select: All 9, None

£ profitand loss 2009
@ Lazowska_To_Do_List
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@ Surface Transportation 2.0
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Folders / Sharing

Not shared
Not shared
Shared by me to 1 viewer
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Why not everything else?
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Google

Code

Google App Engine Home Docs FAQ  Aticles Blog Community Terms Download

Getting Started

Run your web apps on Google's infrastructure. 1 SN o Arp Engine s econnt
Easy to build, easy to maintain, easy to scale 2. Download the App Engine SDK.

3. Read the Getting Started Guide.
4. Check out sample apps in the App Gallery.

Watch and Learn

An Early Look at Java™ Lanauane Sunnort New!

App Engine is unveiling its second lan{ A . S = PI f

runtime, integration with Google Web ZU re erVI CeS at Or I l
Java solution for AJAX web application
and we're eager to get your help and in
who sign up, butwe'll be including mo
Getthe full scoop in our blog pog
Click over to YouTube to watch o
See our docs for other new featu
data.

Experience the Azure Services Platform

Build new applications in the cloud - or use P Azure for web developers
interoperable services that run on Microsoft
infrastructure to extend and enhance vour

P Azure for corporate developers

existing applica
for you.

Contact Us ) Create an AWS

mazon

webservices” About AWS Products Solutions Resources Support Your Account

Get Started
Hadoop + The AWS Cloud Sign up for a free AWS account.

the Hadoop-based infrastructure service that lets you
build and deploy large-scale data processing applications
in the cloud.

Explore Azure Services

The Azure Services Platform provides -
a wide range of internet services that Learn More
can be consumed from both
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Cloud Architectures

Explore Products News & Events Whitepaper (z2?

Amazon Machine Images
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Amazon Elastic Compute Cloud (Amazon
EC2

Amazo

May 07, Amazen CloudFront Ad

2009

Business Managers

SimpleDB

Amazon Simple Stor:
S

vice (Amazon Apr2%

20098 A N
AWS Solutions for Enterprise
Customers
apr22
7‘;“0;— Security Whitepaper (zor
Case Studies & Customer
Apr1s EC2R Testimonials
2009 N ailzblein
¥ Payments & Billing = AWS Blog
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Consider ...

Sharing is easy
Someone else does backup
Someone else handles software updates

There’s 7x24x365 operations support, auxiliary power,
redundant network connections, geographical diversity

Scalability — both up and down — is instantaneous

Many fewer demands on the local operating system and
machine



Amazon Elastic Compute Cloud (EC2)

$0.68 per hour for

— 4 cores of 2.5 GHz 64-bit 2007 Xeon or Opteron
— 15 GB memory

— 1.69 TB scratch storage

Need it 24x7 for a year?

— $3900

$0.085 per hour for

— 1 core of 1.2 GHz 32-bit Intel or AMD
— 1.7 GB memory

— 160 GB scratch storage

Need it 24x7 for a year?

— $490



* This includes
— Purchase + replacement
— Housing
— Power
— Operation
— Reliability
— Security
— Instantaneous expansion and contraction

* 1000 processors for 1 day costs the same as 1 processor
for 1000 days!



The nuts and bolts of data center

Networks
Servers
Storages
Software
Power systems

Cooling systems

20



How should we design a data center network?
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Interconnecting 10,000s of machines

» Top-of-Rack architecture
— Rack of commodity servers
— Top-of-Rack Switch

« Aggregation of ToRs

To aggregation layer

Format borrowed from Jen Rexford’s COS 561 slides e



Overall picture
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Common data center network topology

Internet \L/ _______________ \l/ ____________

~ 1,000 servers/pod

Source: Jen Rexford’s COS 561 slides

Key
 CR = Core Router

AR = Access Router
* S = Ethernet Switch
* A = Rack of servers
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Characteristics of data center (networks)

Single ownership
— Allows full control over an entire system
— Less concern about standards and interoperability

Less heterogeneous environments

— Similar servers, storage, topology, software stack
Multiple end-to-end paths

— E.g. Clos topology, multi-rooted tree topology
Low end-to-end delays when no congestion

— Servers in a geographically small region
— DC:100s of us vs. Internet: 10s of ms to 100s of ms



Applications in data centers

Web services

Web search
— Google Search, Microsoft Bing

High performance computing (HPC)

Big data analytics
— Hadoop, MapReduce, Twitter Storm, etc.

Machine learning

Cloud applications
— DropBox, Google Drive, etc.

Applications compete for data center resources

26



Capacity mismatch

27

Source: Jen Rexford’s COS 561 slides



Example: Fat-tree topology

Core
Aggregate

4
— .

Example: K
ToR
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Fat-tree topology

A set of K/2 ports used for upper level  K-port switches/routers
connectivity, another set for lower

level connectivity % @

<N Top Level: core routers

Pod

A )
3333

Example: K=4




Benefit of multiple equal-cost paths

Each link = 1 Gbps; A talks to C; B talks to D

Throughput = 1 Gbps Throughput = 500 Mbps

Deciding an end-to-end path of flows is an important

scheduling task to fully utilize multiple paths .



Exploiting multiple equal-cost paths

 Many approaches
— ECMP (Equal-Cost Multi-Path) forwarding
— Monsoon [PRESTO’08]
— VL2 [SIGCOMM'’09]
— Hedera [NSDI’10]
— Mahout [Infocom’11]
— MPTCP (Multpath TCP) [SIGCOMM’11]
— Packet Spraying [Infocom’13]



Data centers are cool!
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Google data center, Lenoir, North Carolina, US
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