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— Availability, throughput, reliability

— Manageability
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— Loosely coupled data intensive computing
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Salesforce.com (1999)
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Amazon Web Services (2002)

e On-demand elastic infrastructure managed by web services

— Elastic Compute Cloud (EC2)
* Web service that provides resizable compute capacity

— Simple Storage Service (S3)
e Simple web service I/F to store and retrieve data

— Elastic Block Store (EBS)

» Block level storage used by EC2 in the same AZ
e Automatically replicate within the same AZ
e Point-in-time snapshots can be persisted to S3

e Region and Availability Zone

Welcome to the Cloud

Amazon Web Services makes cloud computing a reality
for hundreds of thousands of customers looking for a
cost-effective infrastructure to deploy highly scalable and
dependable solutions.

» Learn how you can benefit from cloud computing



Amazon CloudFront (2008)

Web Service for Content Delivery

— Low latency, high data transfer, no commitments
Cache copies close to end users

— US, Europe, Japan, Hong Kong

No need to maintain web servers

By default, support peak speeds of 1 Gbps, and peak rates
of 1,000 req/sec

Designed for delivery of “popular” objects
— Cache poplar objects and remove less poplar objects

Introducing Amazon CloudFront

Distribute your popular content from
Amazon 53 around the globe with a single
API call. High-performance content delivery
is now self-service and pay-as-you-go.

Learn more



Google App Engine (2008)

e GoogleDA2TTTWebT7 ) r— a3 %EE
17
— Python SDK
e Datastore - Distributed data storage service
— Data objects have a set of properties
— Objects are retrieved by properties
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e SaaS (Software as a Service)

— Google Apps (Gmail, ...), CRM Service
5 pps ) VIO IT NV —D

— Microsoft Online Services

* PaaS (Platform as a Service) S
— Web7 7'V BHI 5 e

e Force.com, Google App Engine
 Windows Azure

e |aaS (Infrastructure as a Service)
— Amazon EC2, S3

Infrastructure
hardware
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e SaaS (Software as a Service)

— Web 2.0 Service
_ VI ITINIT—o
* Paa$s (Platform as a Service)
— Web API

— Web Service
e XML, WSDL, SOAP/REST

* |aaS (Infrastructure as a Service) Infrastructure
. hardware

— RIE< 2 (Xen, KVM)
—~T4RY, ARL—Y, vk —2{RE 1L




laaSDHll ; Eucalyptus (2009 Nurmi)
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Eucalyptus (2)

£/ —FKTldXenh—RILDEEIL, RIET A A—
Uit E (EC24E YY)
AL—oarba—SE7avo 734 A xR 81k
(EBSFEZY)

Warlusld AL —Z {81k (S3FE )

_’g%r? KarkrA—SlEWebA/ 2 2—TJx—RA[ZKYEHE
— REA A= DEER

— JAavyITINA ADFER

— J—RFDHER, REAA—0FLE), 7OV TINAAD
<Ok
— AL—ADTHEX




DoORICEBITAARN—D O AT L

e Availability, reliability
e Amazon Web Services
— S3, EBS
— EBSIZ&HHDFSMEH
—,J'L IR TEAS-HERMIZITZATELTEEL

— Ava|IabiIity ZoneXPRegionZ B A D EIFXHEL LY
e Google App Engine

— GFS, BigTableZ F| FE
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MapReduce (2004)
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K1, vl
AA1 map K2, v2

K3, v3
A2 map‘ - ‘//
‘ AN! »’ | '
AA3 map - Q‘ ' .
* K3, [v2, v4, V5]
’ K4, [vi, v3] reduce H AN

2V
&Y —hk

K1, [v1, v2, v4]
K2, [v2, v3] H:II jj 1




FLULVEZRIE (2)
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K1, [v1, v2, v4]
K2, [v2, v3] reduce H 1

PAS
=

AT

e AA, B, P T—2(ET X Tkey/value X7 MDE
e Mapéreduceld1—HHEE
e MapDIFRIFFT—TC&IZTEESH LN, reducelZESINSD
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e MapTlIkey: EiE&value: 17
— (doc, “this is a pen”)—>(this, 1), (is, 1), (a, 1), (pen,

1)
e ReduceTId, key(

BEE)VTLZIDFIMNANE

151=8, #MELd
— (this, [1 11 1]), (is, [1 1 1]), .. .—>(this, 4), (is, 3), . ..
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map(String key, String value):

// key: XE4
//value: XEDHNE
for each word w in value: /] BEWIT EIZ(w, “1")EH A

EmitIntermediate(w, “1”);

reduce(String key, Iterator values):

// key: HiEE

// values: BIRAD D) Xk

int result =0;

for each v in values: // valuesD ¥ FNZ result| 2 A
result += Parselnt(v);

Emit(AsString(result));
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(1) fork .- . =, (1) fork
' (1)ifork '
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e 1,800/—FDITR%

— HTEZI2GHzT 1.7 JL Xeon

— 4GBAE!)

— 2x160GB IDE

— Gigabit Ethernet
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100B/La—F, 10°°La—K (~1TB) D &5

— Cf. TeraSort RN FI—7
http://sortbenchmark.org/
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