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The Nature of Scientific Discovery

Theory Computation

Schematic for Global
Atmospheric Model
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| et scientists be scientists....

Majority of Researchers

HPC users

Use laptops &
desktop computers

Those with small
Overwhelmed by clusters

data or servers

Finding analysis
ever more difficult;
sharing even

harder o
Majority of

Researchers



| et scientists be scientists....

Majority of Paradigm Shift

Powerful tools

A Unified Data and analysis
Research tools in the cloud
Community Cycles, storage, support

Building communities
around research results

The ability to marshal needed

resources on demand
Without caring or knowing
how it gets done...

Accelerating discovery



| et scientists be scientists....

Azure for Research Tomorrow?

Paradigm Shift

Azure Research Awards

Windows Azure for Research
Training two-day workshops

Technical resources &
curriculum

Research community
engagements

Powerful tools

A Unified Data and analysis
Research tools in the cloud
Community Cycles, storage, support

Building communities
around research results

The ability to marshal needed

resources on demand
Without caring or knowing
how it gets done...

Accelerating discovery

kenjitak@microsoft.com www.azuredresearch.com
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Cloud computing provides...

On-demand services,
delivered over the network



The Cloud

Development Model, Deployment, Management & Ic.

Self Service Pay-by-Usage
'
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Utility Economics Commoditized

Market Places &
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Youngrel Ryu — Environmental Scientist

’ Youngrel with his PC

Needed to run

calculations against
NASA MODIS data

, = Problems with data
~ 2 and compute

Cloud computing makes a difference...



Cloud computing makes a difference

» Scale beyond your PC/laptop

» On-demand, no waiting

- Big data computations without fuss

» Share data with your team, and globally

» Build research services easily that can be
accessed widely

» Pay for what you need



Cloud computing is good for...

Getting what you need,
when you need it



Patterns: On and Off

Inactivity

F’El’iﬂd ?____———l—-".'

Compute

On & off workloads (e.g. batch job)
Compute only when you need it
No queuing

Over provisioned capacity is wasted
Difficult to handle conventionally
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Patterns: Growing Fast

Compute

Need to grow/scale quickly

Equally important for data

Keeping up is difficult

Cannot provision hardware fast enough



GWAS: Cardio-Vascular Disease

Wellcome Trust data for

seven common diseases N ‘ / \ //

. On Azure PPARD LIMK1
Marketplace 4 / \ / \
« With FaST-LMM and =
Azure, can look at all s
SNP pairs (about 60 ate of
billion of them) “°
* 1,000 compute years; 20
TB output —we did it in T e T
13 days SCIENTIFIC REP{IRTS
« 27k cores on-demand An Exhaustive Epistatic SNP Association Analysis

on Expanded Wellcome Trust Data

Christoph Lippert, Jennifer Listgarten, Robert |. Davidson, Jeff Baxter, Hoifung Poon, Carl
M. Kadie & David Heckerman



Patterns: Unpredictable Burst

—

Compute

{

Unexpected/unplanned peak in demand
Unable to satisfy demand (paper deadlines)
Sudden spike impacts performance

Cannot provision for extreme cases



Patterns: Predictable Burst

Compute

Predictable trends (e.g. daily, weekly)
Data processing from experiments
Wasted capacity to accommodate
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Why Cloua Computing?

» Burst scalability
» Sustainable scalability

« Access anywhere, on any
device

« Global collaboration

« Data distribution and de-
duplication

« Economy of scale
« Different business models

-

&
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The Microsoft Cloud

Global
presence

Datacenter

Edge point



’'s Data Center Evolution

MICroso

Data Center Co-Location Quincy and San Antonio Chicago and Dublin Modular Data Center
Generation 1 Generation 2 Generation 4

: s |
=
{ E = =

Deployment Scale Unit

Server Rack Containers

Scalability & Time to Market

Capacity Density & e
Sustainability Lower TCO

Deployment

http://www.globalfoundationservices.com/
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Cloud Computing

e X 2
[aaS Paas S5aaS

Infrastructure-as-a-Service Platform-as-a-Service Software-as-a-Service
with Persistent remote disks Stateless, easy to scale, manage




Cloud Computing Variants

You manage

Packaged
Software

Applications
Data

Runtime

O/S

Middleware

Virtualization
Servers
Storage

Networking

You manage

Platform
(as a Service)

Infrastructure
(as a Service)

Applications Applications

Data Data

You manage

Runtime Runtime

Middleware Middleware

O/S O/S

lopuan Aq pabeue|n

Virtualization Virtualization

Servers NEWES

Jopuan Ag pabeuelp

Storage

Storage

Networking Networking

Software
(as a Service)

Applications

Data

Runtime

Middleware

lopuan Aq pabeuelp

O/S

Virtualization

Servers
Storage

Networking




Windows Azure

Choose from multiple runtimes and languages for your

applications: Python, Java, PHP, .NET, Node js
I I D I I Run Linux on Windows Azure Virtual Machines (VHD)
Support multiple frameworks and popular open source
Flexible & Open applications with Windows Azure Web Sites

HDInsight Hadoop for Big Data analysis

/f\\\// = nodeJS & python ?S’d

identity
& security medla HPC commerce

\n—

cloud _ i i sQL noSQL Pt virtual traffic
services websites b database database blob i : connect network manager

x}x business
°_¢', analytics

compute data management networking | |

http://github.com/windowsazure



http://github.com/windowsazure

Flexible & Open

B8 Windows Azure

HOME PRICING

overview

DOCUMENTATION

DOWNLOADS

STORE
SNV developer centers A

Search or type a command [ORN ) Explore Gist Blog Help

@ -

E Repositories ﬁ Members
Find a Repository...
azure-sdk-for-net
Windows Azure SDK for .NET
Last upd; linutes ago
- azure-sdk-tools-xplat
Windows Azure .
- Windows Azure Cross Platform Command Line
WindowsAzure o ot 36 mimates o
Last upd minutes ago
Redmond, WA
hitp-/Awww windowsazure com “ﬂ"domazum-gm“lb-m
Joined on Sep 20, 2011 Windows Azure Page on Github
Last updated an hour ago
public repos  members .
azure-sdk-forjava-pr

Last upd:

All

niamesv:un E ¥ @

You are a member of this Organization!

Public Private Sources Forks Mirrors

c# 45 P

JavaScript

K15 a7

*3 P13

Java #1514

COMMUNITY SUPPORT

ACCOUNT

ALL

I PLATFORM IMAGES
MY IMAGES

MY DISKS

Virtual machine image selection

= Oracle WeblLogic Server 11g Enterprise Edition on WS ...

= Oracle Weblogic Server 11g Standard Edition on WS 2...

@ openSUSE 12.3
“SUse SUSE Linux Enterprise Server 11 SP2

“SUse SUSE Linux Enterprise Server 11 SP3

@ Ubuntu Server 12.04 LTS

@ Ubuntu Server 12.10
@ Ubuntu Server 13.04

A OpenlLogic CentOS 6.3

B Oracle Linux 6.4.0.0.0

W% Oracle Webl oaic Server 17.1.2 on Oracle |inux 6.4.0.0.0

Ubuntu Server 12.10

Ubuntu Server 12.10 (amd64 20130929)
for Windows Azure. Ubuntu Server is the
world's most popular Linux for cloud
environments, Updates and patches for
Ubuntu 12.10 will be available until
2014-04-18. Ubuntu Server is the perfect
platform for all workloads from web
applications to NoSQL databases and
Hadoop. More information can be found
at: http://www.ubuntu.com/business
fserver

PUBLISHER Canonical
05 FAMILY Linux
LOCATION East Asia;Southeast

Asia:North Europe:West

PRICING INFORMATION
Pricing varies based on the subscription you
select to provision your virtual machine.




Virtual Machines

°@| & hitp://vmdepotmsopent.. 0~ B ¢ || @VM Depot - Image biolinux | o * E’}

VM Depot-- :

EJ Subscribe

R

> | c » Microsoft Open Technologies Sign in and join the community
@ Back ® @ @ ®
DE?éaE#B‘T PUBLISH SHARE HELP

) Browse Images
& My Account b|0||nU)(

0 comments

Bio-Linux 7 is a fully featured, powerful, configurable and easy to maintain bicinformatics workstation. Bio-Linux provides more than 500
bicinformatics pregrams on an Ubuntu Linux 12,04 LTS base. There is a graphical menu for bicinformatics programs, as well as easy access
to the Bio-Linux bicinformatics documentation system and sample data useful for testing programs.

Image name biclinux

Puklisher Hyungro Lee v




Virtual Machines

| nlxn

°@| @ http://vmdepot.msopent.. 0 ~ B ¢ || (& VM Depot - Image biolinux %

> VM Depot-- e

| ﬂ » Microsoft

S o N
| n oA

R

°@| & http://vmdepot.msopent.. O ~ B ¢ || (& VM Depot - Image CKAN 2.... %

© ”VMDepot-« N

- | by Microsoft open Tech n0|ogie'5 Sign in and join the community

R

@} Browse Images

& My Account @ Back ® @ @ ®
DE?%??#BWT PUBLISH SHARE HELP

@J Browse Images

2 My Account CKAN 2.1 DB

Hrordrdrdr (1)

0 comments

CKAN is open source, open data portal software used by many governments and organizations around the world to publish their data (incl.
data.gov and data.gov.uk), For details on CKAN support visit: http://ckan.org/services/ IMPORTANT: This VM should be used in conjunction
with CKAN 2.0 Web VM. These two YMs need to be connected and will not work without each other (make sure the DB vm is made first),
Connecting VMs is done when creating them in the Azure Management Portal, see http://i.imgur.com/48j2dZ5.png. It can also be done with
the -c flag on the "azure vm create’ command of the Azure CLI tool making sure the "DNS-name” is the same for both. For a step-by-step
guide to deployment: https://github.com/okfn/ckan/wiki/How-to-install-CKAN-2.0-on-Azure-from-VM-Depot

CKAN 21 DR

lrnane name.




Linux Virtual Machines

R
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@J Browse Images

0 comments

lrnane name

Updated for Kafka, Storm, Mode,js, and Redis.

2 My Account Azure Data Science Core

Sign in and join the community

© 9

A special version of HPC Linux is now available as a Windows Azure virtual machine image. Based on OpenSUSE 12.3, this image includes all
the packages you need for big data and data science computations including: - iPython - NumPy - SciPy - pandas - SymPy - scikit-learn -
scikit-image - StatsModels - matplotlib - PyTables - NetworkX - Cython - NLTK This image has been specially customized for Windows
Azure, so it includes the Windows Azure Agent for Linux and the Azure SDK for Python., Together, these packages give you easy access to
Windows Azure's storage and queue services directly from iPython.

Azure Nata Srience Core

ED Subscribe

~




Hybrid Cloud for Science

am Windows Azure

Local Data Centre



Hybrid Cloud for Science

am Windows Azure
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Local Data Centre



Search terms

W SERVICE DESK 03

| se Cookies

lanet

Home  janet futures Products & Services  Training Events  Support & Advice  Contact Us

Home » AboutJanet » News »
Over 18 million students and staff to benefit from faster, more secure cloud-computing

Over 18 million students and staff to
benefit from faster, more secure
cloud-computing

Posted on May 21st 2013

More than 18 million students,
staff and researchers at
institutions across the UK could
start to benefit from a faster and
more secure connection when
using their institution’s cloud-
based IT services, thanks to a
new peering arrangement
between Microsoft and Janet,

the UK’s research and
education network.




Accelerating
Research



Youngrel Ryu — Environmental Scientist

’ Youngrel with his PC

Needed to run

calculations against
NASA MODIS data

, = Problems with data
~ 2 and compute

Cloud computing makes a difference...



MODIS Azure:
Computing Evapotranspiration (ET) in the Cloud

A pipeline for
download,
processing, and
reduction of
diverse NASA
MODIS satellite
Imagery

10
Surface Temperature 2003 DOY:250

Catharine van Ingen (Microsoft Research), Jie Li, Marty Humphrey (UVA), Youngryel Ryu (UCB), Deb Agarwal (BWC/LBL), Keith Jackson
(BL), Jay Borenstein (Stanford) , Team SICT: Vlad Andrei, Klaus Ganser, Samir Selman, Nandita Prabhu (Stanford), Team Nimbus: David Li,
Sudarshan Rangarajan, Shantanu Kurhekar, Riddhi Mittal (Stanford)



MODIS Azure Service

Source Imagery Download Sites

Request
Queue

g 29 0f
¢

e]

l ownloadl e S
Queue Source e o

Data Collection Stage Metadata - N
MODIS Azure
Service Web Role
Portal
- - ‘j.f, B G i Scientific

Reprojection SSeee e s SIS s Science Results

Queue B results Downloa
Reprojection Stage Derivation Reduction Stage Analysis Reduction Stage

. CO2 assimilation (umol m-2 s-1) DOY: 160 Year: 2003
oy,

Reduction #1 Queue Reduction #2 Quet

Catharine van Ingen (Microsoft Research), Jie Li, Marty Humphrey (UVA), Youngryel Ryu (UCB), Deb Agarwal (BWC/LBL), Keith Jackson
(BL), Jay Borenstein (Stanford) , Team SICT: Vlad Andrei, Klaus Ganser, Samir Selman, Nandita Prabhu (Stanford), Team Nimbus: David Li,
Sudarshan Rangarajan, Shantanu Kurhekar, Riddhi Mittal (Stanford)



FetchClimate®et

« Intelligent environmental information service
« Selects best data source to answer the query
* Regrids results
» Calculates uncertainty

€ >C#H Uﬂichmodiscachesvc.cl dapp.net/# Tdfyﬁyc=2012,2013&dc=1,32,60,91,121,152,182,213,244,274,305,335,366&hc=O,24&data=v&page=ma&8{g=15.197948524875741,24.90345915220425,100(iﬂ =
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Open UK Weather Forecast Data
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+ 5 days
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INnteractive Genomics

Rapidly Querying Genomes in the Cloud

Christos Kozanitis(UCSD), Vineet Bafna(UCSD), Ravi Pandya(MSR), George Varghese(MSR)

Genomes Diseases
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‘ Browsing ‘

Genome Query Language (GQL



Computing Cancer

M
/ BR @

BM A B [Model Name]

. time] seconds
@ Stabilizes steps

steps

Analysis

BMA succeadad in checking every possible state of the
model in [time] seconds. After stepping through

[number of steps | separate interactions, the model
evertually reached a single stable state. E/l"

c
Target Function
Constant: 2

\_/ enter tool

avg(pos)-avg(neg) 0-3
RecZ avg(pos)-ava(neg) 2-5
VarA avg(pos)-avg(neg) 1-4
varg avg(pos)-avg(neg) 0-2
N & X » % Y A~ 2 - varC VarD-VarA 0-3
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http://biomodelanalyzer.research.microsoft.com/
Jasmin Fisher, Microsoft Research Cambridge
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What next?



Bringing cloud
computing to
researchers

Learn about the new Windows
Azure for Research program (3)

www.azuredresearch.com
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Windows Azure Awards

Apply by 15 Dec @
azuredresearch.com Urban
Science

BRITISH
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Machine

Engineering Learning

Windows
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Azure
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0 Computer Environmental
St Andrews
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Life
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Bringing cloud
computing to

grayeryereeyee

researchers

Learn about the new Windows
Azure for Research program (3)

Azure Research Awards

Windows Azure for Research
Training (kenjitak@microsoft.com)

20-21Jan"14,0Oxford
3-4 Apr14, Manchester
Webinars (Linux VMs, 4t Dec'13)

Technical papers & curriculum Thank you!
Research community engagements

Research Group

@azuredresearch &
#azureresearch

www.azure4research.com
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