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Theme of This Presentation

e Our Grid middleware has matured incredibly well
over the last 10 years.

— Globus, g-Lite, OMII all provide an impressive array
of basic service.

— Large Grid deployments number in the dozens (if not
hundreds).
 However, the middleware is not the whole story.

 We can now provide “Gateway” portals that can
allow users access to Grid capabllities without
exposing them to Grid technology.

 The key components:
— Data virtualization

= Computational virtualization and workflow tools.
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Outline

« Some Early Grid Projects & Lessons
— The I-Way & the NASA IPG
— The evolution of the grid portal Science Gateway.
— The emergence of service oriented architectures.

« LEAD: A Grid data-driven Gateway SOA
— Changing the Paradigm for Meteorology

e Some Lessons Learned

 Some Challenges for the Future

— How can we make systems more adaptive in
response to data challenges?

— How do we create real knowledge discovery tools that
combine data query and workflow?
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The First Stages of Transformation

e From Clusters to
Distributed Systems

« The SC97 I-Way

— An experiment in wide-area
HPC resource sharing.

— A dozen or so projects
doing applications
distributed across the
network.

o Colliding Galaxies

— Couple together two large
simulations running on two
supercomputers to build a
single application spanning
a wide area network.
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Lesson from the I-Way

* Tightly coupled apps are paced by your lowest
pandwidth link.

« Demos are easy. Persistent frameworks are

nard to support.

— Grids need to be persistent.

* Tools to “compose” Grid applications from
remote components are essential

— But don’t expect that scientists will change production
codes!

* Debugging Distributed Applications is very hard.
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NASA's IPG - 1998

INFORMATION POWER GRID = @

NASA'S COMPLUTING ANDO OATA GRIOD

 The goal:

— To unite all the major NASA computing platforms
(Langley, Ames, Glen, Marshal ... ) into a “Grid”.

— The Information Power Grid.
* The first major grid deployment.
e The plan:

— Use some new software: Legion or Globus.
* Flipped a coin. Globus was winner.

 The architecture:
— A layer of services on top of core gridware.
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IPG Lessons

 Respect Local Culture. Itis Important
— Managers of computing centers do not want to
cede local authority to “the Grid”.
e Grid security MUST be easy for people to
use.
— Solutions that require certificate management by
users are not going to work.
e Grids work only when there Is a purpose to
building them.

— The science or business application must always
be the driver.




IPG Innovations

Grid Forum
- Became the Global Grid Forum

Grid Portals — Gateways to access Grids
— (along with ncsa and sdsc!)

— To give a community of researchers easy
access to the tools, data and computational
power needed to solve today’s scientific and
englneermg problems.

— To do this in a discipline specific language
that is common to the target community.

— To hide any underlying Grid technology.




Let’s look at a few real example
Grid Science Gateways

(about a dozen ... many more
exist!)




NEESGrid

Realtime access to earthquake

Shake table experiments at remote sites.

2 CHEF (dev-local); Worksite - Microsoft Internet Explorer |;
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Resources

Discussion
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Discussion
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ENotebook
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Server
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Data
Browser/Yiewer

NEESgrid
Repository

Chat

NEESgrid
Repository
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Browse Testbed

el

Chat

Testbed Status

Browse Testhedl

News
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Users Present

Charles Severn
Lars Shumann
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Nov 14, 2002 05:42 pm A
NEESgrid UNR _NEESgrid Support  NEESgrid All

NEES Data Browser

£ The folder is open (click to dlose).

B3 The falder is clased (click ta apen)

é Dawnload this file using GridFTR.

% Upload a file to this folder using GridFTP.

Delete Object

Data
Bromser/Viewer | | o o]

B3 UNR Demn
= Bridge Shake Table Experiment
B pata Acquisition
= [ 2% white Noise System
Identification
W white oise system
Identification Channel
Configuration
sensor data
white naise
1 & sensor data
1 & whits noise
1 & sensor data
1 sensor data
5 [ ¥ 1040 Imperial Valley-£l
Centro 100%
W Imperial Valley-El Centro
100% Channel Configuration
81 paople

NEES Repository @ UNR

Symbal key:

ﬁ Configure data streaming and recording for this
event,

& Make this event viewable with the NEES data
Vigwer,

=i Follow alink between objects.

Folder "Data Acquisition"

name (string)
Data_Acquisition

lastAccessedTimestamp (timestamp)
2002-11-12 13:15:06.055

lastModifiedTimestamp (timestamp)
2002-11-12 13:15:06.055

originallersioniD (object)
W Data Acquisition

versionturnber (integer)
0

creationTimestamp (timestamp)
2002-11-12 13:15:06.055

lockTimestamp (timestamp)
1969-12-31 18:00:00.0
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BIRN — Biomedical Information

Username:

: o  :- _. .
| BIRN 8 Y 5

BIOMEDICAL INFORMATICS RESEARCH METWORK
login

Fortal Home EIRM Ye

Login Information Welcome to the BIRN Portal

BIRN Portal Login The Biomedical Infarmatics Research MNetwark (BIRN) Partal provides BIRM

members with a single sign on web portal to access data grid files, computation
I T us grid resources, and a variety of collaboration tools to facilitate the scientific needs
Username:l of BIRN researchers. Non-BIRN participants may access the portal through a
guest registration.

Paﬁword:l

Login |

+ Reguest a BIRN account
(must be a BIRM padicipant)
Email BIRM Fortal admins

Portal Requirements

You must have cookies enabled to

1 login to the BIRM Portal, in addition,
Javascript is highly recommended but
' not reguired.

The |atest wersion of Java will be
required to access same of the
applications.

For optimal browsing please use a
Mozilla based browser.

Oldar varsinns nf Safan will pynetience
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Geological Information Gri

PortalHome |G
GEOM Search GEC

?

ﬂ Metadata Related:

Choose resource type:

|<Ml Dezource Types: j
Choose subjects;

[<all subjects» =]
Optional keywards:

€ Spatial Coverage:

Type a place name:
| I

or select an area on the map:

i
o 0
1 =4

Resources in Geology

rProfile

GEON Search

Biological oceanography
Ecology

Forestry

Geology

Hydrology

Other

Physical oceanography
Technology

MapIntegration

Select a Subject to Show Resources

Chemical oceanography
Education
Geochemistry
Geophysics

Mineralogy or petrology
Paleantology

Soil science

1-5 of 17 files »

Title: Arizona Geology Map sk

Format: shapefile

e Dennis Gannon:

Cryology

d Portal

Environmental science

Geologic time
Hurman geography
Matural hazards
Physical geography
Structural geology

Dataset Id: GEOMN-25dfh3dbh-2710-11d28-h226-abh22ed?7681c0
Spatial Coverage: Morth: 37 East: -109.04 South: 31.33 West: -114.82

Temporal Coverage: any

Description: This is a gealogy map of Arizona in LISA,
Semantic Annotations: see details
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Mesoscale Meteorology

NSF LEAD project - making the tools that

are needed to make accurate predictions of

tornados and hurricanes.
Data exploration and Grid workflow

@ [ADPORTAL

LINKED ENVIRONMENTS FOR ATMOSPHE

ERIC DISCOVERY

}—H%—{' ARCUT LEAD ]’I DATA SEARCH l.i VISUALTZE " EDLICATION " RESCURCES “’ HELF ].

¥ Unidata IDY

SPONSORED BY THE NATION.

€ WELCOME TO THE LEAD PORTAL

Linked Environments for Atmospheric Discovery (LEAD) makes meteorological data,
forecast models, and analysis and visualization tools available to anyone who wants to
interactively explore the weather as it evolves. The LEAD Portal brings together all the
necessary resources at one convenient access point ... read more

e FEATURES FOR ANYONE INTERESTED IN THE WEATHER

Researchers With university, government, or industry affiliations GET FEATURES
Educators At college and university level, high school, or middle schools GET FERTURES
Students At graduate, undergraduate, middle and high school levels GET FEATURES
Visitors MNewcomers and the curious GET FERTURES

g POPULAR TOOLS

Access Weather Dala

Geﬂgiaphwhegmn Search |+

I

Visvalize Weather Dala
Integrated Data Viewer

Make a Forecast or Analysis
Experiment Builder

MORE »

USER NAME Gannon
LOGIN
o m gy [ . i
£, x workflow Composer L =10 x|
Workflow  Mylead Component  Monitor Help
Add Mode | Remove hlode | Connect/Disconnect
Component List | Composer I

Cotponerts
2 System Components
= EE?_HHFI ihwhitney extreme indiana edu
\aj

-

hittp: Mty exdreme indians e

L prgy
—

- l

1

Component Inforrmation

Service: decoder

Description:

£ service for decoding raw eta data to
netcdf format

Operation: Run

Port Informstion | Ketification |
Selected Output Port

.M,u;_m-u ]

:- !
\
i_.
([l

__._r—E

Selected Input Port

Component: Qutput_URL
Pori: Parameter

Type: Any

Description: This port can be
connected to any type




Renci Bio Portal

Providing access to bi

- leverage state-wide
investment in
bioinformatics

- undergraduate &
graduate education,
faculty research

- another portal
soon:
national evolutionary
synthesis center

otechnology tools running on a back-end Grid.

A Bioportal My Workspace: Applications - Microsoft Internet Explorer provided by Compag
Fie Edit ‘“iew Favorites Tools Help
ABC

Google - v |G seach - g0 PaoRenk Ehoserblocked | A [ [ options

Address |@‘| https:/fvelma.renc.unc.edu: 8443 /biopartalfportal/user flavanya/js_panefP-f0S45b2177-2001 7?7getvm=truedexpert=truetvmfile=blast2 vmifrim_menustste=1518&eventSubmit_doGetym=Get+Entry+Farm

Type ta search |G - N1

Check -

&
X 8

Links @J Compaq @J Customize Links @:‘ Free Hotrnal [ Rediscover A0L @ Windows 5 Windows Marketplace @ Wwindows Media

eﬁack M | \ﬂ @ :] /:3 Jearch \j‘\? Favorites ‘3 - :\,‘ _J ® E| ‘3 @ ‘a ‘i‘i

il

Sep 25, 2005 12:22 am

My Workspace Shared Workspace

Bioportal Application Panel
Select an application BLASTZ: with gaps (Altschul, Madden, Schaeffer, Zhang, Miller, Lipman)

Applications

Job History (= Applications
. &1 v Module
Membershi H
Schedule 0 banana
Resources 11 biosed (@ = required, ® = conditionally required)

simple blast2 form

Advanced Grid
Usage

|b|astp: amino acid gquery £ protein db * | Blast program

File Transfer

Bioinformatics
Tutorials

@ seqguence File @ please enter either

o

1. | (Erowse...

the name of a file; |

Lavanys Ramak

o
i

=
o Io
&

o |2
o [0
3
=]
i

2. orthe actual data here:

Lans
consense
chaplot
eport,

:

(sequence format)
r

E

f=e}
=
5 [n

l:l Start of reguired region in query sequence (-L)
l:| End of required region in query sequence (-L)

|env7nr' Noreredundant erwvironmental sarples fror GenPept+PDB+SwissProt+PIR+PRF V‘ protein db

|env_nt Environmental Samples "‘ nucleotid db

Filtering and masking options

Selectivity options

Scoring options

é ‘ Internst




Nanohub - nanotechnology
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NANOHUB. OR!

O Back -

Microsoft Internet Explorer

Fil=  Edit View Favorites Tools Help

X & & f

Address &[ http: v, nanohub . argfindes:. php?option=caon_wr appet&swrap=RasMal

% Favorites 04 v

! Search

v | Yo

Links

»

Home

On-Line Simulation
Electronics
HEMS
Materials
Chemistry
ECAD
Devices
Process
General Productivity
Tool Index
Help

Resources
Courses
Short Courses
Seminars

Education
Hano Curriculum
5 er Institute
Summer Schools

Community
Linking Bio & Hano
Hanocomputing Debate
Forums
Repository

'Jﬂ Applet vnoviewer skarted

HUB

Online Simulation and More

Search: [search...

Flle Display Colours Options Export L3 Heip

C% ® Internet

s
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X-Ray Crystallography

usermame:[ _
C [ ] I L] M L] A. Welcome tO the Paccword: I— Login |

| Remember me on this computer

Common Instrument Crystanog raphy Portal Loain Help

Middleware Architecture

Home Current Status Data Repository About
IUB TUMSC The Purdue Chemistry Crystallography Center .
The Purdue Chemistry Crystallography Center
IUB Myers
Hall
Disable your browser's cache to get the live siream!
Purdue
Crystallography
Center
CSAF Sydney,
Australia
Minnesota
X-ray Lab
ChemMatCARS
= Univ. of
Chicago at
APS
Other Data from MNonius Kappa
collaborators (Under development!{)p <0>
Total Number of jpg: 10
NCS Frame: s01f0010.jpg Streaming video from the lab showing the Nonius instrument Streaming video from the crystal microscope on the Noniu
UK Browse the 20 latest jpg images
Local date/time: 2005-09-24 11:36:54
These values are updated approx. every 80 sec. Times in UTC
LabJack U12
Instrument Enclosure Temp. & Humidity: 234C 2005-09-24 16:35:5¢
Rel. Humid. 43.1 %
Chill Water In: 164 C 2005-09-24 16:36:2¢
Enabling Grids Chill Water Out: 193C 2005-09-24 16:36:2¢
JOREScIbnaE Generator Relay Voltage: 342 2005-09-24 16:36:4¢

Sl X-ray Generatoris: OFF



ServoGrid Portal

Usemame:l

Password: | M

Create New Account | Login Help 1

CES[ECTT FaultDB Search QuakeTables Portal Search

QuakeSim Web Portal User Manual Support Report Bugs QuakeSim Web Site

Participating Institutions:
IU CGL | NASA JPL | UC Davis | UC Irvine | USC
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Belfast Gene Grid Portal

Bellast e-Science Centre

I;EE;(: H“jﬁgﬁ“gqrii i{ =g [Engisn v

GridSphere '

Home

. logn
-
fUS'I on User Name |
- O( = 3[7?f€( Password |
from genes to proteins to antibodies [~ Remember my login

Login |

Forget vour password?

Welcome to the GeneGrid Prototype - Release 0.6

This is the GeneGrid Test Bed release 0.6 managed by the Belfast e-Science Centre, utilising resources in
BeSC, Queen's University of Belfast, Melbourne University, BT and the San Diego Super Computing Centre.

Users are limited to selected staff of both commercial partners - Fusion Antibodies, Amtec Medical - and the
Belfast e-Science Centre, To obtain a user account, please contact the appropriate representative - P.V. Jithesh
(BeSC), Mark McCurley (Fusion)} or Dr. Shane MckKee (Amtec). Authorized users will be provided with a username
and password by BeSC,

All users are requested to subscribe to the GeneGrid mailing list and to use it for directing gueries etc, Mail
GeneGrid, and place the word "subscribe” (without the quotes) in the message body.

For more on the GeneGrid project, please click here.

Important Note: Current GeneGrid Users please continue to use the Release 0.5 available here.

@-Sciea [

&3 powered by gridspherel
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MyGrid - Bioinformatics

Navigate myGrid Architecture
Home
o EEE Faietga mm Web &ngernr::eh Applications
Downloads e s
Components “rid ki e
Wiformiation e-Srisnce coordination :-ﬂsa'g:l::
Component Overview Nioelel o
= miR metadata E
Research Components Foty § g = § MR G i
z semaric = g infermation i
Using myGrid Core ig Pﬂ:{:"“‘"f ; £ "rerd omology = repostory bt
: : Services u ik F  Pedro semantiz 2
Research Using myGric g5 ';"h'ﬂméls % pblcation. = 2_
Links T oy = TR EE VDY tesenon
Publications - "
Contact e e
Soesplad AMET
External OBEADA DOF o sarastion
Services Guwitsh ik senvice
apbckg:&l:;'rﬂ \Web Shas ‘Web Sarvices E&f:;:l;l
Log In
Username ) .
I l myGrid components - overview
Password myGrid is a collection of services and components that allows the high level integration of biological
| applications. The architecture provides the infrastructure necessary, in a web service environment, |
Log In | e-science workbench that actively supports the scientific lifecycle. Each component or service contri
system that allows the e-scientist to perform complex in-silico experiments across distributed bioinfo 19
: resources.
New Account Signup
Forgot Password



Lessons from Grid Portals?

Access to data Is the most important feature

— Allow the user community access to important shared data
resources

* Visualize it, publish it, download it, curate it.
— Data Discovery
» Searchable metadata directories.
Web access to important tools

— Web-form interfaces to allow users to run important community
codes

— Webstart access to common java-based tools
— Limited shell access - perhaps to a VM

Workflow tools

— Allow users to combine community codes into workflows managed
by the portal back-end resources.

Service Oriented Architecture (SOA)

— Promotes a pluggable framework to add new features and to
virtualize access to resources

ecte 20

Enabling Grids
for E-sciencE



You need a Grid Foundation

* A Distributed Infrastructure of services that provides

— Security
» Authentication: how is a member of the VO recognized?
* Authorization: how do you know who is authorized to do what?
* Privacy: protecting the work of individuals and the VO as a
whole.
— Data Virtualization

e Services to search for data, catalog and curate it, manage
duplicates, publish it

— All without reference to underlying file systems.
— Computation Virtualization

» Users need access to applications and not raw computers.
Services must be provided to schedule and monitor and
manage compute resources,

— All the user sees is the ability to interact with the application
 Foundation: Service Oriented Architectures

ecee
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Data Is the core of e-Scilence

From www.icioffshore.com/kyc/page2d.asp

 The amount of data
generated by research and
Instruments dwarfs the stuff
you can google.
— Sometimes known as the deep
web.

e How do we discover and

Terabytes 100

catalog binary data? _
— We build searchable metadata Lrillie CeE
catalogs o ~
— We build methods to query for Surface web| | deep web
data that may not even exist yet / \ R —
Indexed Not yet
By search engines indexed »| Scientific binary data

> Streaming data

Fee-based access
Special archives
Published IP

ecee
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Data Services

* Name resolution - mapping an abstract unique object identifier to a file-object
name.

* Replication location - find or generate replicas of a given service

 Resource catalogs - a searchable index of community data products and
services. Generated by crawling and direct registration

 Metadata directory - a searchable database of data object metadata

Replica location Name resolution Metadata
. : Resource catalog :
service service directory

Virtualized Data Space

_ —

Wide area network

System area network System area network System area network
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Basic Gateway SOA

TheUsersDesiigr

k ﬁEAn mi-up-n{

Grid
Portal Server

PrSoxy Ce/rtificzlatte Gateway ervices \ User Metadata
au
VoY Appl|cat|on Workflow engine Catalog MyLEAD
Deployment
Application Events Resource Broker App. Resource
catalogs
~
cora Grid Services
A 4 A v
Security Information Self Resource Execution Data
Services Services Management Management Management Services

OGSA-like Layer

Physical Resource Layer ﬂ

Assnnnaan —
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One Example in Detall:
The LEAD Project

A Grid designed to change the paradigm for
mesoscale weather prediction

Building dynamic, adaptive workflows from
data streams and better-than-real-time
execution constraints.
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Tornados and Hurricanes

 The loss of life and
property due to
tornados and
hurricanes each year
IS large and growing.

« We seem to be
entering a period
where the situation
may becoming worse.

e We are also on a
threshold of far more
advanced and
accurate prediction
capabillities.
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O%r it e A INDIANA UNIVERSITY [

Quality Education. Lifetime Opportunities®

KLAHO

— The LEAD PrOjeCt

L 1 N K E D
ENVIRONMENTS
FOR ATMOSPHERIC

' I The University
of Alabama
£ In Huntsville

"HOWARD | P'SCOVERY el
e i * i e
UHIYVERSITY OF ILLINGIS
; U N1 ¥V ERSITT N AT URBAMA-CHAMPAIGH

MILLERSVILLE VLl
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Traditional Methodology

i

ey

A
AM

a WaRE" ..

STATIC OBSERVATIONS Analysis/Assimilation Prediction/Detection Product Generation,

Display,
Radar Data Quality Control PCs to Teraflop Systems Dissemination

Mobile Mesonets Retrieval of Unobserved
Surface Observations Quantities

Upper-Air Balloons Creation of Gridded Fields
Commercial Aircraft

Geostationary and Polar Orbiting
Satellite

Wind Profilers ﬂ\
GPS Satellites QS

The Processis Entirely Serial rfr-)y;fz(

and Static (Pre-Scheduled): &E\\‘ ‘%Z/f\
No Response to the Weather! g/

End Users

NWS
Private Companies
Students
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Am Major Paradigm Shift: CASA NETRAD

adaptive Doppler Radars.
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Radar Image from National Weather Service: KLIX 21:40 UTC 1170272004



) The LEAD Vision: Adaptive Cyberinfrastructure
. E‘Fi'ﬁl

=1
A =¥
A |
A
NA Eg
\ = |“' ,'--'\\
i
| ]|
| ||
[ |
[ |
DYNAMIC OBSERVATIONS Analysis/Assimilation Prediction/Detection Product Generation,
Display,
Quality Control PCs to Teraflop Systems Dissemination

Retrieval of Unobserved
Quantities
reation of Gridded Fields

o~

Models and Algorithms Driving Sensors 5 %ﬁ%

P/\‘\\z\jﬂz @

é& W

The CS challenge: Build cyberinfrastructure services that S Q@f&/

provide adaptability, scalability, availability, useability, and
real-time response. s

S lele Private Companies

Enabling Grids
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End Users



Change the Paradigm

ecee
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e To make fundamental advances we need:
— Adaptivity in computational model.

« But also Cyberinfrastructure to:

— Execute complex scenarios in response to
weather events
e Stream processing, triggers
» Close loop with the instruments.

— Acquire computational resources on demand.
* Need supercomputer-scale resources
* Invoked in response to weather events

— Deal with data deluge

e User can no longer manage his/her own experiment
products
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Reaching the LEAD Goal

e Understanding the role of data is the key
— from streams, from mining, from simulations to visualizations

« Enabling Discovery
— The role of the experiment
— Sharing both process and results
— Creating an educational “context”

« Each user should be able to see a history of data that
IS generated for each computational experiment.

* This should be a private data space where the
scientist sees “metadata” about each data product
produced during the computation.

e Logging into the LEAD portal, you see:

ecee
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Log In and see your MyLEAD Space

B 7Z eap

Mational Science Foundation

2nts for Atmospheric Discovery —

My Workspace Portlet

¥ myWorkSpace

= = Hurricane Ivan
----- - Workflow template vizEta 2004-08-03 13:35:
----- - Workflow template 4RPS 2004-09-22 05:25:5
----- - TestWorflowTemplateO1
EIB Experiment; Ensemble run-5
- =) Workflow instance ARPS 2004-09-22 05:25
!EI Collection: Ensemble Run Input Collection
- @+ Collection: Case 1
- @] Collection: Case 2
- B+ Collection: Case 3
- B Collection: Case 4
- ®m Collection:; Case 5
El B Experiment; 84hr ARPS forecast
- ) Collection: Input Observational for S84hr &R
- #{) Collection: &RPS-out for 84hr ARPS forecas
i =] CompletelyNewExperiment
----- ~{) HurricaneExperimentOl
----- ~{) Mesoscale meteorology for college school stu

Information of vour current selection

Dese: 34hr ARPS forecast
ExpDate: 2004-10-28 00:00:00




MyLEAD Metadata Catalog

- A catalog of resource metadata. * What the user sees should be

« Actual data storage is virtualized automatically generated, searchable
_ _ metadata about their scientific
— The data itself my reside

experiments.

anywhere. . — The metadata describes the actual
— Replicas may exist. Data may data object and provides a link to the
move data services that can resolve an
abstract unique identifier for a data
MyLEAD Catalog : product to a real, on-line data “file”.
- Data replica
Experiment 1 Resolution service

— A-metadata O——
| >
— B-metadata /i .
| C-metadata >0 Edinburgh

] B L

Enabling Grids Osaka |ndiana SdSC /Sfb 34
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Data search can take many forms

« Select aregion and a time range and desired attributes

GEOGRAPHIC REGION

Data Products Spatial Ex[enl Temporal Range
Al & & & [-Zoomto State(s)- v| |KF| L7 i—Map Size— | ¢ 00 « [0 ™ Any temporal range
[ Surface METAR Obs Fi_ e R o e ; yyyy-mm-ddThh:mm:ss
[ UpperAir Balloon 12000 11000 100 00 Ga[00 [redraw search box] g 2005-11-15T08:30:56
Soundings e
(Rawinsondes) | 6g: -37.68 Begin Time:
[+ MEXRAD Level Il | 5000 | - ! 000 421*341 Iznaa-a-zrm:n:n
[~ NEXRAD Level Il # s.ﬁ-hﬁi'f“ﬂwﬁB'smam“\S‘%;;;Lﬁ;"?:‘t?rm- 2 :
5 . ) = | o I —_— )
[ GOESI ¢ | BoE e - : Ghsing™ 56l Wj-92.8: l—SE.E!E End Time:
magery | e e Prare T 0wl o .. f % -
[~ NCEP NAM Forecast | Caran City R z“h—ﬂ_ﬂ»k g M&;r-,_ ;I 24 36,922 {2006-8—2”24.[].*]
[+ ADAS o Lgke Poveuy, " >.1"e > 8
F: WRF 2 phEEI'IiJ( I’al t’{. ; ™ - 3 o s
Data Categories: [ Any 30,00 ¥ [ \\w & 1‘1 o s | 30000
Si— * - r Layer
[v Wind . Lake Okeeehobee [ A/ Search Area E Search ;
[+ Precipitation :
Metar [labeled with T4 l i
20,00 | eli] |'|:|'| r’ » site: namc] I '\r b
= I 3 L I | — Matar (lahelad with

Found 1 match(es) ...

Title: Weather and Research Forecast Model/Steered WRF  Fublisher UCAR/UNIDATA  Dataformat: NetCDF
Spatial: west -152.856, east -49.38499999999999, north 57.29, south 12.19
Temporal: Begin 20060827 000000000, End 20060828 120000000
Abstract WRF model data experiment at UPC Steered by precipitation algorithm implemented in GEMPAK and described at:
http:/fwww.unidata.ucar.edu/software/gempak/rtmodel/ NOTE: as described on the page, the algorithm is also used to steer the WRF
NMM model being run at UPC. It had also been used to steer WS-ETA. The URLs shown have a form
http://lead.unidata.ucar.edu/cgi-bin/nph-deds/data/pub/octher/case_studies/WRFUPCSteered/wrfout_d01_{date}.nc where {date} has a
form: YYYY-MM-DD-HH_MM_SS and indicates the start time of the regional model run.
1ist of contents..: Collection description...
eGee Click a data pr_ndut:tm visualize it.

http:ileadd unidata.ucar.edu:B080hreddsidodsCimodel/UCARUNIDATAMRF/STEEREDMwrfout d0d 2006-08-27 00 00 00.nc

EnapllnglGridg hitp:Mead4 unidata.ucar.edu:B0B0hreddssfileServer/model/UCAR/UNIDATAWRF/STEEREDwrfout d01 2006-08-27 00 00 00.nc
or E-scienc
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Experiment as Workflow

* Another Paradigm Shift for the users.

« Each activity a user Initiates in LEAD Is an
Experiment which consists of
— Data discovery and collection.

— Applied analysis and transformation
« A graph of activities (workflow)

— Curated data products and results

« Each workflow activity is logged using an

event system and stored as metadata in the
users workspace.

— Provides a complete provenance of work.

ecee
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Workflow: Composing Computational

Tools to build new Tools

Workflow is a term that describes the o

process of moving data through a
sequence of analysis and i
transformational steps to achieve a goal.

In e-Science most data analysis and
transformational tools can be abstracted

as services. — |
A workflow is then a composition of S -~
services in which data moves from one —_—
end of an abstract process “pipeline” to =
another.

ecee 37
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Requirements of Workflow

ecee

Enabling Grids
for E-sciencE

Hide the Grid

— Data access is virtualized

— Computation is virtualized
e - applications as services

— Security is automatic.
Automatic metadata generation

Fault Tolerance
— Workflows may be verrrry long running.

Dynamic, Adaptive workflows.
— Respond and adapt to external events.

Compositional Orthogonality
A workflow can be a component in another workflow.

38



Architecture of a LEAD workflow

A workflow is a (visual) script that
— Responds to events

— Orchestrates the interaction of web services that gather data or
run applications.

* Notification Broker is the nervous system.
— Relays “events” between all services

Workflow composer « Workflow Engine Service executes scripts
Event Data
Notification | * Assimilation
SralkEr service
i Forecast
¢ , oy simulation
VLSS v service
y “~Al -
Catalog Workflow
oolee engine 39
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Monitoring the Event Stream

Add Mode Remove Mode  Connect/Disconnect

4
W Composer

Dufput_Dir

Cunfy

i‘ ADaM-FeatureExtraction

.

ADaM-DataTransfor mation

ADar-Classification

ADam-DataMor malization

Classification_output_file
Config

Time

07/20/05 16:0...
07/20/05 16:0...
07/20/05 156:0...
0720405 16:0...
07/20/05 16:0...
07/20/05 156:0...
07/20/05 16:0...
07/20/05 156:0...
0720405 16:0...
07/20/05 16:0...
07/20,/05 16:0...
07/20/05 16:0...
07/20/05 156:0...
07/20/05 16:0...
0720405 16:0...

Port Information | Motification

Component
Warkflow

ADam_Feature. ..
a0aM_Feature, .,
albar_Feature. ..
a0ak_Feature..,
ADar_Feature.,..
ADar_Feature. ..
a0aM_Feature, .,
albar_Feature. ..
a0ak_Feature..,
ADar_Feature.,..
a0aM_Feature..,
a0aM_Feature, .,
ADaM_Feature...
a0al_Feature. .,

Status

Started
Invoking
Started
IMFO
IMNFO
IMNFO
IMFOD
IMNFO
IMFO
IMNFO
Received a file
DERLIG

Consumed a file
Finished comp...

INFO

Meszsage

Host: 145,229,234,73

install location of the lead tools is home/gridS070/production/adam-services
the local temporary directory is ftmp

the input url of the data file is gridfip://frozone. itsc.uah.edu/home/grids070/production/adam...
the output url to push the output files is gridfip://frozone. itsc.uah.edu;tmp

the site name is KON

the local work directory is /ftmp/nexrad_11218937858358/30Mesocyclonebetection
attempting to copy input data file to ftrp/hexrad_1121893788358/30Mesocyc loneDetection/in. ..
From gridfip: //frozone. itsc.uah.edufhome,/gridS070/production/adam-services,/FeatureExtract. ..
attempting to run the detection
gridfip: /ffrozone. itsc.uah. edu/home/gridS070/production/adam-services /FeatureExtraction/fin. ..
0 sec

attempting to push output files to gridftp: fffrozone. itsc.uah. edu/tmp




Dynamic Adaptive Workflow

LEAD requires ability to construct workflows that are

e Data Driven
— Weather data streams define nature of computation

e Persistent and Agile

— Data mining of data stream, detects “interesting” feature, event
triggers workflow scenario that has been waiting for months.

o Adaptive
— In response to weather: weather changes.
— Nature of workflow may have to change on-the-fly.

— Resources
 More may be needed, sometimes they become unavailable.

 Need to be self-aware

ecee
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for E-sciencE

41



Knowledge Discovery from Streaming Data

* |tis possible to issue a query which will automatically start a
distributed network of data mining filters.

» Asresults are processed matches to the query can trigger deeper
analysis or simulations of possible outcomes.

* The e-science architecture becomes responsive and adaptive to the
environment.

Stream Query: "Track weather over
Chicago for next 4 hours and run

tornacdo workflow if supercell detected.”

Data

14 i Stream | Assimilation
| ) — ] senice
miner i

Fob
Forecast
| Stream " simulation
.* miner = service
v Notification™s &% P
ignal alarm
T events Workflow g

engine

Stream
miner

Metadata
Catalog

ecee v
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Assimilation-forecast workflow

r .
OO0 X Workflow Composer
Workflow MyLead Component Monitor Help
"Add Node | Remove Node || Connect/Disconnect
f )]
-~ !'composer -— —

Gridded Data Configuration File Surface Configuration File
Config Config
ARPS2WRF Configuration File
Ext2ARPS Model Data Config
Config N
Surface Data Files
Config 1 Surface-Preprocessor
-
o .
N WRF Configuration File
Terrain Input Configuration File Gridded-Data-Interpolator Config
Config : : ]
- e
WRF-Model
C ARPS-to-WRF Data-Converter - ?

ADAS Input Configuration File
Config

o :
<
R _

C Terrain-Preprocessor
-
-
" | |Terrain data sets WRF-to-ARPS data Converter
Config -
ADAS-ARPS Data Analysis System Cb )
Level-1l Radar Configuration File :
Config T
ARPS-Plotting-Program

Radar raw data files Level-Il Radar-Remapper SO -
Config - SEnEe Tnag e ;
__L’ | :
Level-1ll Radar Configuration File ARPSPLT Configruration File S
Config 1 Level-lIl Radar-Remapper fzantig
>
> . ;

Radar raw data files f
C ArpsPlt_Output_PostScript_File

Config
Satellite Data-R
Satellite Configuration File —_r_'ate A manDe
Config > P Config

Raw Satellite data files
Config

ccee |
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Workflow applied to Katrina

2D image of sea level
generated by ARPS Plotting Service
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3D Image generated by IDV

44



Lessons from LEAD and
other Grid Gateways

& Unidata IDV

ooy
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An Evolution of the Grid Concept

e Service Orientation

— Virtualization of Resources
e The first step in the Evolution of the Grid concept

— Virtualization of Data and Applications
 The Key role of the SOA.

« Data is managed by services, not humans.
— Data products never go away and they may live
anywhere on the grid.
A Metadata catalog contains searchable
knowledge about the data product.

— Contains a name that can be resolved to find a valid
replica if the data is needed.

ecee
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Virtualization of the Applications

« Workflows only ask that a particular
application be run.

— Pass it the location-independent names of data
object and parameters
« An Application service consults a resource
catalog that knows where the application is
deployed
* Aresource broker service Is contacted to
find the best compute engine to run the app.

— Depends on requirements
« Size of request, authorization, data locality.

ecee
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Some Challenges Ahead

48



Data Discovery Agents

* Agents for Search ;
— Advanced support data @[we:o
discovery. 5
— We will soon be able to pose v/ _
queries for future discovery hgent f— o
 “| am interested in all new data Cantctc
relating to chemical structures of
the following form ... When you |
find them, run the following v
analysis workflow against it and
notify meif theresult is
Interesting”.

ecee 49
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Synthesizing Data Search and

Discovery Queries

« Take an abstract query and “compile” it
to a data search and analysis workflow.

— “track the weather over Chicago for the next
400 hours and run a tornado workflow if a
supercell is detected.”

query Case-based Calder |
reasoner Stream servic

|

| I
| I
I I
|

I I
| I
| I
I I
| I
| I
: I
|

I I
Query forms workflows [ _ stemm BPEL |!
| History service |

s e lere | _ e |50
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Validating Scientific Discovery

« The portal is becoming part of the process
of science by being an active repository of
data provenance

« Disks are cheap, so why not record
everything?
* The portal records each computational
experiment that a user initiates
— A complete audit trail of the experiment or
computation
— Published results will include link to
provenance information for repeatability
and transparency.
 Many portals have done this on a smaller
scale

— CIMA, PubChem+NIH cancer screening
centers, LEAD, SERVO/Quakesim, ...

— But this should be standard practice

ecee
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Workflows that share

 What if a workflow can use the provenance service to tell when an
intermediate data product is already available.

« Use the virtualized data space to optimize the execution!
 Depends upon the quality of metadata search available.

Workflow 1

>
v
o
v
(@]

P
Metadata

service

Virtualized Data Space

Provenance
Service

3>
\ 4
O
\ 4
m

Workflow 2
cGee 52
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Conclusion

e Science Gateway portals have been enabled by
an emerging standard Grid architecture
— Multi-domain Security
— Virtualized data management
— Virtualized computation.

« Grid application construction as Workflow design
— Over 20 different Workflow tools exist.

— The need to meet some high standards to be
powerful

« Dynamic, adaptive, fault tolerant, metadata/provenance
aware ...

o Data query and workflow are intimately
connected.

G‘G@e — The interesting questions are not just table lookup... 53
A= they require work and thought.



