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The Nature of Scientific Discovery

Experiment Computation

Schematic for Global
Atmospheric Model
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X-Info

 The evolution of X-Info and Comp-X for each discipline X
« How to codify and represent our knowledge
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Experiments &

facts

Instruments

Simulations facts
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Literature facts
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Other Archives facts S
The Generic Problems
« Data ingest pyte « Query and Vis tools
« Managing a yte  Building and executing models
« Common schema  Integrating data and Literature
« How to organize it « Documenting experiments
« How to reorganize it « Curation and long-term
« How to share with others preservation

Thanks to Jim Gray



Data-Intensive Research & Big Data

Data Volume

Extremely large data sets Th ree ”VIS” Of Data

Expensive to move
Domain standards
(] m
* High computational needs VO[U e
» Supercomputers, HPC, Grids

e.g. High Energy Physics, ¢ VG r [ ety
Astronomy .
* Velocity

 Large data sets Gartner: http://t.co/Co3EK1ERfN

« Some Standards within
Domains

« Shared Datacenters & Clusters

« Research Collaborations

e.g. Genomics, Financial

Medium & Small data sets

Flat Files, Excel

Widely diverse data; Few standards
Local Servers & PCs

e.g. Social Sciences, Humanities

Number of Researchers ‘The Long Tail
of Science’


http://t.co/Co3EK1ERfN

[Improving information value

Forecasting

Done poorly,
but a few notable
counter-examples

Done poorly to moderately,
not easy to find

Quality assurance

Sometimes done well,
Collation generally discoverable and available,

o but could be improved
Monitoring

(I. Zaslavsky & CSIRO, BOM, WMO)
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FetchClimate

« Intelligent
environmental
information service

« Automatically:

« Selects best data
source to answer
the query

* Regrids results

« Calculates
uncertainty

www.fetchclimate.org

Fetch Climate
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http://www.fetchclimate.org/

Urban flood risk management

« Improving decision-support via
Flood Risk Assessment tool

« On-demand CityCAT model running
in Microsoft Azure

« Drive FRA studies for mitigation
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L iveOcean

Parker MacCready: Univ. of Washington
Rob Fatland:, Wenming Ye, Nels Oscar, Microsoft Research

UW Coastal Modeling Group



L iveOcean

(a) Surface Salinity (b) Surface temperature (deg Cc) Surface chlorophyll (ug L'1) (d) Bottom oxygen (mL L'1)
28 30 32 8 10 12 14 16 0 5 10 0 2 4 8
E @ 2

v

N
»

Latitude (deg)

N
(6]

~
~

IS
w

-126  -124 122 -126 -124 122 -126  -124 122 —126 -124 122
Longitude (deg) Longitude (deg) Longitude (deg) Longitude (deg)

T
downwelling

along-shore winds

upwelling |

|
150 200 250
year day 2005




LiveOcean: Hybrid Architecture

Atmosphere
UW WREF

Science User

LiveOcean Azure Table: LiveOcean L
Forecast Driver Log Info Server
cron, shellscripts, python, matlab e Post Processing Adm!n }
 Pre-make .png "views" Website
HPC . * Archive NetCDF files
linux 150 cores * API for web sites

* Admin.js _
http://mappable.azurewebsites

\ ° CIient.js net/liveocean/

Blob Storage:
Forecast Copy

Client Website }

Forecast “
NetCDF files

Microsoft Azure

UW Coastal Modeling Group



LiveOcean on Azure

What are advantages of

using the cloud?

« Reliable and scalable

« Simplifies: Collaboration with others

who work on content delivery (e.qg.
Client Website)

 Enables: Nesting On-Demand

- Enables: Particle Tracking On-
Demand

 Enables: Comparison with Real-Time
Observational Data (OQO], I00S)

« Enables: Comparison with Data from
Other Models
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World Wide Telescope

Big data requires new types of data visualization

www.worldwidetelescope.org



http://www.worldwidetelescope.org/
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Reproducible Science
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Unlocking Humanities Research

British Library Labs cloud
analysis of digital catalogues,
including 19 Century books
scanned by Microsoft.
@MechCuratorBot
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AdvHaIl

The Mechanical Curator

Randomly selected small illustrations and ornamentations, posted on the hour

Rediscovered artwork from the pages of 17th, 18th and 19th Century books.

Archive  About  Links

Image from ‘Guida storica di Cividale e de suo distretto. (Appendice di documenti.)’,
001518117

« Author: GRION, Giusto.
» Page: 467

* Year: 1899

* Place: Cividale
 Publisher:

View all the images from this book

mechanicalcurator.tumblr.com

Microsoft Azure



Opportunity



The Clouad
democratizes

access to scale &
economies of scale
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Nt iac ed Al NS T ST 400+ million
5 8 + bl | | 1ON - s. v - million Active
worldwide queries each month e e 2 = — . accounts
active users

2.4+ million lio
emails per day objects in Microsoft

Azure storage

microsoft

Exchange .
Hosted Services NSRRI Al

48+ U+ Lin4 50+ billion
million million ENIEEISe QUSIEMEE Minutes of connections handled
users in 41 active users each day

e o IJ Office 365 skype;

78\ XBOX LIVE | Office Web Apps

200+ Cloud Services

1+ billion customers - 20+ million businesses - 90+ markets worldwide




app
Services

data
services

infrastructure
Services




Microsoft Azure psin e A

CONTOSC

Service health
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Requests and errors today

FABRIKAMFIBER (‘* FabrikamFiber

10 resources

&0 k
""“ fabrikamfiber
‘ g Website
A0 k QLF
Billing W0k
WERH ACEOUHT = fabrikamfiber-db 7% Websites
m S0L database tﬁ‘, T instances
&

06 P\ Tue 25 0& AM 12 PM

HTTP SERVER ERRORS

175.55. o

Events in the past week
FABRIKAMFIBER

@ clipmeme100b
a]. Team Project

Database Size
FABRIKAMFIBER DB

Sessions per browser
FABRIKAMFIBER

Page views (top 5 pa...
FABRIKAMFIBER

INTERMET EXPLORER ol

| cHroME
| RGeS
| serarm

BROWSE

http://azure.microsoft.com/



Open and Flexible

GitHub Search or type a command @ Explore Features Enterprise

.. Microsoft Azure

APIs, SDKs and open source projects from Microsoft Azure
Redmond, WA & the cloud hitp://azure. github iof
Filters + Find a repository.
azure-sdk-for-net CH 493 P75

Microsoft Azure SDK for NET
Updated a day ago

azure-sdk-tools
Microsoft Azure PowerShell
Updated 2 days ago

azure-mobile-services
Client SDKs and Samples for Azure Mobile Services
Updated 2 days ago
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Virtual Machine Images

powWs AT
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Process Monitoring and Systems

Stellenbosch HPC
Cluster

Data Storage
127TB

Backup

PI Historian

Lab Data
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Department of Process Engineering

hange point detection soft sensor various methods and

Froth images

== English
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Variable importance soft sensor -
various methods

Operational state
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Thermal Condition Soft Sensor
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Scalability on-demanao

G-series
e 32 cores
D-series « 468 GB RAM
« 6.5 TB SSD
e 1-16 cores

« 3.5-112 GB RAM
» Up to 800GB SSD

A-series

e 1-16 cores
e« 0.75-112GB RAM
« 20-605 GB HDD

« Up to InfiniBand 40Gbit/s
RDMA network (MPI)






What next?



Research-as-a-Service

Cloud Services

Research collaboration and data

lifecycle services

Data management, application

services, collaboration tools.

Programming abstractions,
database support, runtime
systems

Virtual machines, reliable
storage, provisioning tools,
network bandwidth

Research
Marketplace

Analytics services and expert
consulting

Domain specific applications
and data access

Advanced development tools
and libraries to SaaS
developers

Specially configured virtual
machine templates




Democratising Research

Majority of Researchers

Use laptops &
desktop computers

HPC users

Those with small
Overwhelmed by clusters

data or servers

Finding analysis
ever more difficult;
sharing even

harder .
Majority of

Researchers

www.azuredresearch.com



http://www.azure4research.com/

Democratising Research

Majority of Researchers

HPC users

Those with small
clusters
or servers

Majority of
Researchers

Tomorrow?

Paradigm Shift

Powerful tools

Data and analysis

tools in the cloud
Cycles, storage, support

A Unified
Research
Community

Building communities
around research results

The ability to marshal needed

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

Accelerating discovery

www.azuredresearch.com



http://www.azure4research.com/

Azure for Research Awards

> 350 e

Worldwide Sciences

Machine

15 Dec 2014 S Learning

every 2 months
Microsoft
Azure

200k | 20TB

core hrs storage science

Computer

Urb
AzuredResearch. e

com




Azure Machine Learning

Tutorial, Friday 28 Nov, http://aka.ms/azuredresearc

SEHRE®WE

A8 ML Studio v

<

Search

4 [{i]l Saved Datasets
Adult Census Income Bin...
Alice tweets
Automobile price data (...
Blood donation data
Breast cancer data
Credit Card Transactions...
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Restaurant ratings
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Telescope data
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Weather Data Salt Lake...

4 & Trained Models
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Scoring for fraud
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A Evaluate Mode
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SIZE

FORMAT
CREATED ON
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Menu
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GenericCSV
6/6/2014 4:18:37...

4 Experiment Properties

START TIME
END TIME
STATUS CODE
STATUS DETAILS

Go to web service

6/11/2014 2:43:2...
6/11/2014 2:43:2...
InDraft

None

[] Disable upgrades

Prior Run

© Quick Help

>


http://aka.ms/azure4researchml-za

Microsoft Azure for Research

Azure Research Awards

Azure for Research Training
« Azure (VMs, Storage, Big Data) - Thu 2/ Nov -

« Machine Learning — Fri 28 Nov -

Technical resources & curriculum

Microsoft Azure for Research
Group

, @azuredresearch & |
# A
T oM www.azuredresearch.com


http://aka.ms/azure4researchza
http://aka.ms/azure4researchml-za
http://www.azure4research.com/
http://www.linkedin.com/groups/Windows-Azure-Research-6521580?home=&gid=6521580&trk=groups_most_popular-h-logo
https://twitter.com/Azure4Research

Thank you

kenji.takeda@microsoft.com

http://research.microsoft.com
Nttp;//azuredresearch.com
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