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Cloud Applications

«Scientific/Tech Applications
Business Applications
Consumer/Social Applications
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The Challenge

Enable Discovery

Deliver the capability to
mine, search and analyze
this data in near real time
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The Changing Nature of Research

PARADIGM

DaTa-INTERSIVE SCIENTIFIC DISCOVERY

Experimental Theoretical Computational
Thousand Last few Last
years ago hundred years few decades
Description of Newton’s laws, Simulation of
natural Maxwell’s complex
phenomena equations... phenomena
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Cloud Ecosystem Requwements

At the system level, the cloud ecosystem _
Include the cloud platform and mfrastructure
resource management policies, etc.

standards, reputation syst Hling ant —
accounting system, cloud busin

At the user (client) level, Appli
programming interfaces (APIs
programming environment, Quality o
control, etc.
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Service Request Examiner and
Admission Control
- Customer-driven Service Management
- Computational Risk Management
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Cloud Software Packages and Features

Software Cloud License(s) Language Linux/ EC2/S3 Xen/KVM/ VirtualB occl/
Type Windows VMWare ox vCloud
Fluid laas, Paas, No /Yes
Operations LaaS, Saas, Proprietary Java, C Yes/Yes Yes/No Yes/Yes/ ?
TaaS, DaaS, yes
BaaS
ApplScale Paas BSD Python, ?17? Yes/ Yes/Yes/ Yes ?1/?
Ruby, Go Yes yes
Cloud PaaS Apache Ruby, C Yes/No Yes/No Yes/Yes/ Yes No /Yes
Foundry yes
Cloud.com laaS Proprietary, Java, C ?2/? ?2/? Yes/Yes/ ? ?17?
GPLv3 yes
Eucalyptus laaS Proprietary, Java, C ?2/? Yes/ Yes/Yes/ ? ?17?
GPLv3 Yes yes
Nimbus EER) Apache Java, Python ?21/? Yes/No Yes/ ? ?2/?
Yes/?
C++,C,Ruby, Java,
OpenNebua Apache lex, yacc, Yes/ ? Yes/ ? Yes/ ? Yes/Yes
P laaS P Shellscript 5
Yes/?
OpenStack EER) Apache Python Yes/? Yes/ Yes/ ? ?2/7
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Cloud Bisiness Potential:

A trillion $ business/year by 20207

Worldwide IT Spending* by Consumption Model
2008, 2012 15%
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* Includes enterprise IT spending on Business Applications, Systems Infrastructure Software, Application Development i
& Deployment Software, Servers and Storage c. All rlghts reserved.

Source: IDC, October 2008




Inter-Cloud Business Models

1.

2.

3.

Single Provider Model (Amazon, GoGrid, Rackspa )

Inter-Cloud Brokering Model (Rightscale)

Inter-Cloud Federation Model (A Missing Opportunity)
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(2). Inter-Cloud Brokering Model

Resources — S, Resources
4 Reso u rms

\

AN

Amazon EC2 IC Cloud
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(3). Inter-Cloud Federation Model

Cloud providers are grouped together as a community wh|ch aims prov

services and attracts larger user population.

Each cloud provider can register its own resources and produc

Community Hub (CCH) . The CCH will provide b

report etc. for all participating cloud resource proy

The CCH also provides models and tools that enable t
communities so they can share resources within the

etc.) (B2B)
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InterCloud: “Federation of Clouds”

for Scaling Application Services

Compute Cloud

Storage Cloud
-
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Cloud Computing Software
Tool Packages from Goo

m The Google file system (GFS) — already
covered in Lecture 8

B The MapReduce package — R

B The Bigtable package — Rea

B Google 101 Seminars in Cloud C
( http://videovoo.com/2007/12/14,
with-goole-google-101-cloud-compu
drowning-with-data/ )
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MapReduce: Scalable Data Processing
on Large Clusters

* A web programming model for fast processing larg
« Applied in web-scale search and cloud computing applica

 Users specify a map function to generate intermediate
key/value pairs

 Users use areduce function to merge all
with the same key.

Usear interfaces
_-'-' '-'- .

Abstraction

Input Ma P - Reduce
filas _ function m’ function

T Control flow

MapReduce .:Lll—l .j':—l

software MapReduce Library
framewaork

Controller
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Batch Processing framework: Map

e

duce

Map: applies a programmer-supplied function '“ i

logical input record

Runs on thousands of computers

Provides new set of key-value pairs as

Reduce: collapses values using a

supplied function
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Programming Models and Workloads

nodes

Availability:
Use replicas of data across different servers
Use relaxed consistency:

No need for all replicas to always agree

Workload demands

Often vary considerably
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Exam P e : Counting the number of occurrences of each
word in a large collection of documents :

map (String key, String wvalue)
// key: document name
// wvalue dﬁcument contents
for each word w
EmitIntermedl

count of occurrences (just a “1” Is recorded in
pseudo-code)
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Exam P e : Counting the number of occurrences of each

word in a large collection of documents

reduce (String key,
/) key: a ﬂwld
values:
= IL__:I ;

for each v 1n
result += Parselnt (

Emit{ﬁaﬁtring{result,l,

emitted for a particular word

The reduce function sums together all
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Typical Cluster at Google

Cluster scheduling master I Chubby Lock service I GFS master

Machine 1 Machine 2 Machine N »5

User ::
app BigTable| BigTable
server | 11 | User server
User app2 :: ‘ app1
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(Courtesy of Jeffrey Dean
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Data Processing: MapReduce

« Google’s batch processing tool of choice

- Users write two functions:
— Map: Produces (key, value) pairs from input
— Reduce: Merges (key, value) pairs from Map
- Library handles data transfer and failures

- Used everywhere: Earth, News, Analytics,
Search Quality, Indexing, ...

(Courtesy of Jeffrey
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