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Background - Collaboration

Scientists should be able to access a global, distributed
knowledge base of scientific data that:

* appears to be integrated
e appears to be locally available

But... data is obtained by multiple instruments, using various
protocols, in differing vocabularies, using (sometimes
unstated) assumptions, with inconsistent (or non-existent)
meta-data. It may be inconsistent, incomplete, evolving, and
distributed

From models too...

And... there exist(ed) significant levels of semantic
heterogeneity, large-scale data, complex data types, legacy
systems, inflexible and unsustainable implementation
technology...
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ESG facts and figures

Mzlrl ESG Pariz] IPCC AR4ESGE Portal
130 TB of data at four locations 35 TB of data at one location
840,331 files 77,400 files
* Includes the past 6 years of joint  Generated by a modeling campaign coordinated by
DOE/NSF climate modeling the Intergovernmental Panel on Climate Change
experiments « Model data from 11 countries
3,200 registered users 1,245 registered analysis projects
Downloads to date Downloads to date
- 25 TB . 245 TB IPCC Downloads (10/12/06)
» 91,000 files * 914,400 files |
« 500 GB/day - “J\\ Al A A
(ave rag e) y:iw‘; 5 ;ﬁ’f ;f;o?.ﬁ;”;ﬁ@;i;%;@;;o{}& f}“"” Qm@

Nov 2004 - Oct 2006

> 300 scientific papers published
to date based on analysis of
IPCC AR4 data

Worldwide ESG user base

Fox - APAC 2007, Driving e-research: Grids and Semantics



Fox - APAC 2007, Driving e-research: Grids and Semantics



ESG Il: experience

ESG is a highly collaborative effort - in reality this happened in groups of 2-4
(out of 40)

Payoffs of this distributed collaborative infrastructure have included:

Distributed data-sharing, RLS works! SRM/HRM work! OPeNDAP-g works!
Simplified data discovery of climate data, the work on metadata paid off! Scalability?
Large-scale climate data processing and analysis via highly integrated portal
Increased collaboration among climate research scientists, people use it!

Aid in climate assessments and estimates of future climate variability and trends,
IPCC!

Authentication and authorization have been a significant challenge
GSIl to CAS (failed)
v' MyProxy, now moving to Shibboleth, etc.
v" SAML is working for multi-file batch transfer
Transport - GridFTP versus HTTP
Server to server
Very good performance
Clients are not as capable due to ‘weight’ of globus, revert to HTTP
ESG-OPeNDAP collaboration has had huge benefits to the community
Service monitoring
to support the distributed collaborative infrastructure
need lots of monitoring for all services to really make a production environment work
Many Globus services not used (GRIS, MDS, GIIS, ...)
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ArCh |te Ctu re Of the Second Generation ESG Architecture

next-generation ESG o, e TSR o o)

» Petascale data archives

* Broader geographical
distribution of archives

— across the United States
—around the world

» Easier federation of sites

* Increased flexibility and
robustness

Web Portals

Local, Remote, and Web Services Interface:

Cross-Cutting Concerns
(security, logging, monitoring)




Virtual Observatories

Make data and tools quickly and easily accessible
to a wide audience.

Operationally, virtual observatories need to find the
right balance of data/model holdings, portals and
client software that researchers can use without
effort or interference as if all the materials were
available on his/her local computer using the
user’s preferred language: i.e. appear to be
local and integrated

Likely to provide controlled vocabularies that may
be used for interoperation in appropriate
domains along with database interfaces for
access and storage and “smart” tools for
evolution and maintenance.
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Science and technical use cases

Find data which represents the state of the neutral
atmosphere anywhere above 100km and toward the
arctic circle (above 45N) at any time of high
geomagnetic activity.

— Extract information from the use case - encode knowledge

— Translate this into a complete query for data - inference and
Integration of data from instruments, indices and models

Provide semantically-enabled, smart data query services
via a SOAP web for the Virtual lonosphere-
Thermosphere-Mesosphere Observatory that retrieve
data, filtered by constraints on Instrument, Date-Time,
and Parameter in any order and with constraints
iIncluded in any combination.

12
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Added value
disciplines, etc.

ﬁ Education, clearinghouses, other services,

Semantic mediation layer - mid-upper-level

\_

Semantic
interiperabi:ity
Added value

Added value A \Y N+,

: & Query,
: i access

Mediation Layer

: i and use
: ¢ ofdata

« Ontology - capturing concepts of Parameters,
Instruments, Date/Time, Data Product (and
associated classes, properties) and Service

low level

Classes
 Maps queries to underlying data
 Generates access requests for metadata, data

o Allows queries, reasoning, analysis, new
hypothesis generation, testing, explanation, etc.

T OR I\ rwrwrgm, .
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et ety V5TO Workflow 1a

| - @1l ¢ || +| & nupy/www.ysto.org/data/useCasela.htm ~Q-

|_'|3 The OPeNDAP Data Con... F Session Information |ﬂ‘ hittp:/ [ www.cssdp.ca/

I €3 Session Information

L‘nmmunutmﬁ. Almur. LI-;

Semantic fllterlng by domain or
iInstrument hierarchy

Slart L'--.r Instruman

|

2. Start Date:
Stop Date:

3. Parameters:

“Cancel "Mext >

| Instrument: [ Opticallnstrument > Photometer > Chromospheric Hellum Imaging Photometer

Opticallnstrument > Photometer > MK3-K Coranameter [?]

Opticallnstrument > Photometer > MK4-K Coronameter [?]

Opticallnstrument = Photometer > H-alpha prominence and solar disk monitor [?

r—: PRicThsMmanT ="MotTMet™™: MILICTun MEPHETDMEEr ol A3t CManderehotomeer 7 = -

) Opticallnstrument > Photometer > MultiChannelPhotometer > Fort Yukon Alaska 4 Channel Photometer [7] I
I ") Opticallnstrument > Spectrometer > SpectroPhotometer > Davis Antarctica Spectrometer [7]
h —_— _— —_— _— —_— _— —_— J— — — — —_— _— —_— _— —_— _— —_— _— —_— _— ,
Carctl MNext >
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Yy VETO Workflow 1c

Communities Login = e i

Guided Workflows: Start by Instrument | Start by Dates | Start by Parameter Web Services: Query Instrumaent | Query Parameter | Query Dates | Query Data

VSTO Guided Workflow: Start by Parameter

Data Request Summary Avalaible Qutput
The following data products match the current selection:
1. Parameter: ElectronTemperature [?] Data Files: 2L

2. Start Date: 2000/03,/14 Data Plots: | Height vs Time [?
Stop Date: 2000/03,/18 2

,.
s
J

FLAT [? INFO [? DAS [? DDS [7] OPeNDAP [?] STREAM [?]

|3. Instrument: Irkutsk Russia I.S. Radar [?] Change Input
Click on the Back button to change your data selection, or Cancel to end the workflow

"« Back Cancel |

God
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VSTO - semantics and ontologies in an operational
environment: vsto.hao.ucar.edu, www.vsto.org

| Contains object types, properlies
and instances

| Optionally filters the user selection through
7 ontology properties

Semantic Filter

S e

Builds inferred object hierarchy, |
including possible plot types

User specifies a Data Request
via 3 alternative workflows

. Web Service >

-

~-~o

Service class defining the API to guery specific data repositories.
The property values are populated dynamically by the specific
subclass implementations

Service class acting as thin broker
invocation of external data services.

— — . = It builds the Data Products URLs by
e implementation-specific rules
4 Metadata Service | v T~ 7 N __ _T==OT -
N P e T~
S~ N —id -7 \\1 - RN
~o o — _- . N
==———"0__C-=-= = § Data Service b
CEDAR MLSO N ’
Metadata Service Metadata Service ' e S -
S~o —— T --"
l l CEDAR MLSO
(E— Data Service Data Service
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http://www.w3.org/
http://vsto.hao.ucar.edu

YV VYV

YV VYV

Building science cyberinfrastructure ->
iInformatics

Use case, then requirements

If collaboration (rather than individual use) is a primary
scenario, then write a use case for it!!

Then design, derive architecture and choose technology
components

Build something that works for users from the start

Get your funding source and community to commit to an
evolving architecture

If you choose a major framework technology, e.g. Globus,
OPeNDAP, THREDDS, peer-partner with them
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e-Research opportunities

Semantics/Ontologies
— Is an e-research collaboration activity

— Develop use cases for mediating services to enable, for
e.g., script-level access using common terminology

Virtual data product generation, caching, publishing,
— Data-mover (LBL)

— OPeNDAP installation and development

APAC gateway into ESG (will require)

— Address the identity exchange requirement

— Negotiate/federate roles and responsibilities

— Services to provide a vortal for their communities

Allow for reciprocal discovery of data and services using
semantics (agree on the 3-level approach and the boundaries)

Participate in the U.S. GeoCollaboratory initiative

18
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e-Research opportunities

Semantics/Ontologies
— Is an e-research collaboration activity

— Develop use cases for mediating services to enable, for
e.g., script-level access using common terminology

Virtual data product generation, caching, publishing,

— Data-mover (LBL)

— OPeNDAP Iinstallation and development - plumbing the net
APAC gateway into ESG (will require)

— Address the identity exchange requirement

— Negotiate/federate roles and responsibilities

— Services to provide a vortal for their communities

Allow for reciprocal discovery of data and services using
semantics (agree on the 3-level approach and the boundaries)

Participate in the U.S. GeoCollaboratory initiative

20
Fox - APAC 2007, Driving e-research: Grids and Semantics



e e e e o [ —

Web Portal
Interfaces

ESG GATEWAY

o — o

— ]



ESG Security Services

Iresource
meta-data

username
passwd

luser

ugroup

ESG Policy&MetaData DB

Iresource
presource

usernamae,/|

passwd ugronp
' | rgroup
action
rgroup
d
creds creys Iresource
MyProxy 0 f
okt subject ‘
i attr-name subject resource
creds b 2 resource rule
I attr-value action parmit/
+ ? demny
Online ' 1 ! I I Y 1 !
CA | ESG Security Services |
AuthM Sve | Creds Sve | Altr Sve | AuthZ Sve | Policy-rule Sve
* i J. * i J. + i J. * i J.
username/ creds subject subjeck res&trce
d ? attr-name resource
passw ok creds ? attrewalus action  permit/ 1
m:rt*-nk * ‘ i diy '1'!
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ESG Security Services - Client
Interaction

+

usarname

passwd
ok/f
mot=ok

Browser
Client

T T T L]
| ESG Security Services |
Auth™ Sve l Creds Sve Altr Sve l AuthZ Sve I Policy-rule Sve
- _‘ A - -
} u/fp * * +
username * ‘ subject ri‘;:te:; resource
passwd ok/ cert.;req %509 attr-?a e -k permit/
not-ok Eit ‘ attr-value 3 deny rule
Heavy Client " :
or Shib (pull) A m{hﬁlﬂ;’”" authZ rule
ESG-Portal impersonation \r"UM;r{push} - based on attr
by portal GT-CAS (push) (ecal EQF)
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Data Registration Framework
|

Level 3:
Level 1: Level 2: I
Data Registration
Data Registration Data Registration at the Item Detail
at the Discovery Level at the Inventory Level Level

|
Ry VA o

Earth Sciences Virtual Database
A Data Warehouse where I
Schema heterogeneity problem is
Solved; schema based integration I
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A Geosciences Collaboratory

_ _ oor, AT Other National Labs
Serving the NSF Geosciences gy s 48 and Supercomputer

Centers, Grids and
International Alliances

Minority Institution
Resource Center

Geo-related Collaboratories

Earth Interiors virtual organizations

Resource Center

I/

Atmospheric
Science Resource
Center

Energy Research
Resource Center

. Geosciences HPC
Collaboratory Center

-

Computational science
Resource Center

Ocean Science
Resource Center y "
Data/ Visualization 25
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Back shed
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The Astronomy approach; data-

types as a gervice

Limited
interoperability

>»VOTable

»Simple
Image
Access
Protocol

OGC‘{WFS WCS, WMS} and SWE
{SOS, SPS, SAS)

use the same approach

ple
fum

SS
col

ple
>Cess

L|ghtwe|ght semantics

Limited meaning, hard
coded
. errted extensrbllrty
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Semantic Web Services

Fryr VETO Query Instrument Web Service

Homae Communities About Us Lagin = -

Guided Workflows: Start by Instrument | Start by Dates | Start by Parameter Web Services: Query Instrument | Query Parameter | Query Data

Query Instrument Web Service

Description: Web Service used to query the V5TD ontology o retrigve all the Instrument instances matching one or more optional constrainks.

Input: String parameterClass (optional, must be valid Parameter class name from VSTOD ontology)
String startDate (optional, formatted as yyyy-mm-dd)
int nDays (required Il startDate is used, must be 1 < nDays < 31)
String domain (optional, must be 'CEDAR' or "MLS0O")
String instrumentClass (optional, must be valid instrument dass name from VSTO ontodogy)

Output: XMLAOWL document containing the Instrument instances matching the query. The XML is serialized as a String.
Exception: Thrown if invalid input 5 used in the guery
Endpoint: http:/fwww.vsto.org:8080/services/\'STOgueryService

ces/VSTOqueryService? wsd < |

Exampie: Find all Instruments that measure Neutral Temperature
Input: parameterClass="NeutralTemperature’, startDate=null, ndays=0, domain=null, iInstrumentClass=null

WSD s FE v

L: http:/fwww vsto.org:B0B0/sery

Example: Find all Instruments of type Interferometer that measured data in August 1999
Input: parameterClasssnull, startDate='1999-08-01", ndays= 31, domain=null, instrumentClasss"Tnterferometer’

Query Input

Use the following inteas to perform a live test of the WVSTO Query Instrument Web Service:

MeutralTemperature Cpthpnal: return only instruments that measured this type of parameter

Select from list: | Parameter > Temperature lonTemperature > NeutralTemperature

Start Date: frpipeserrTd] Mumber of Days: | 1 & Optional: return only instruments that measured data within this time interval
Domain: | cppar =] Optional: return only instruments in this domain
Instrument TYP®:  ropnperor Optional: return only instruments of this kind

Select from list:  Instrument > Opticalinstrument > Interferometer > FabeyPerot

&

" Submit |



Semantic Web Services

rnn ' VSTO Query Instrument Web Service "‘“]
[E {ﬂ G || + | € hup:/ www.vsto.org:B0B0/data/queryinstrument. htm G = Congle "]
L =

Quary Output F

Number of results returned: 13
<7xml veraion="1.0" encoding="UTF-B" 7>

xalnsrvato="http: //dataportal .ucar.edu/achenmas fvato.owl®
zmlnaicedar="http://dataportal.ucar,.edu/schemas/cedar . owl#”
zalnsimlas="http: //dataportal .ucar.edu/schenas /mlao.owld"

<vatoiFabryPerot rdf:ID="cedar instrument _S5000">
<vatorhasbDescription>South Pole Fabry-Perot Interfer Spectr</vstorhasDescription>
<vato:hasName>EPF</veto: hasHame>
cyatorhasldentifiar>S5000</vatorhasIdentifiars

</wvatorFabryPerot>

<vatorFabryPorot rdfoID=" i:i:n:lnr__i nst Emnr:n'r.__i Dl15">
<watorhasDescription*Arrival Heights Fabry-Perot Interf Sp</vsto:hasDéscription>
<vato:hasName>AHF</vato: hasName>
<vetorhasldentifier>5015</votochasIdentifier>

</vato:FabryPecot>

<vato:FabryPerot rdf:ID="cedar instrument_S060">
«vato:hasDescription>Hount John New Zcaland Fabry-Ferot</veto:hasDescription>
<veto: hasNamo>HIF</vato: hasHame>
<vato:hasldentifior>5060</vetochasIdentifior>

<{vato:FabryPerok>

Zypto:FabryPorot rdf:ID="codar instrument_5140">
<vato:hasDescription>*Aregquipa, Feru Fabry-Perot</veto:hasDescription>
<yatothasName>AQF</vato: hasHama>
<vato: hasldentifier>5140</veto:hasIdentifior>

</vato:FabryParot>

<yato:FabryPerot rdf:ID="cedar instrument 5300">
<yato: hasDescription>Peach Mountain Fabry-Perot</vato:hasDescription>
<yato:hasName>PFP</vato: hasNama>
<vato:hasldentifier>5300</vatoihasIdentifier>

</vato:FabryPearot>

<yato:FabryPerot rdf:ID="cedar imstrument 5340%>
<yato:hasDescription>Hillstone Hill Fabry-Perot</vatoihasDescription>
<yatorhasName>MFP</vator hasName>
<vatorhasldentifier>5340</vatorhasIdentifier>

</vatorFabryPerot>

€vato:PabryParot rdf:ID="cedar instrument 5430%>
<vatorhasbescription>Watson Lake, Canada Fabry-Perot</vstorhasDescription>
cyato: hasHame>WFP</vetor hasHame>
<ystorhasldentifier>5430</vatorhagIdentifiar>

</vatosFabryPerot>

Zvato:FabryPorot rdf:ID="cedar_ instrument S5460°>
<vatorhasbDescription>College Fabry-Perot</veto:hasDescription>
<vato:hasName>CFF</veto: hasName>
<vgtorhasldentificor>5460</vatochasldentificr>

</vato:FabryPorot>

<vpto:FabryPerot rdf:ID="cedar instrument_5465">
<veto: hasDescription>Poker Flat AX Scanning Imaging F-P Spoc</weto:hasDescription>
gt shsalamew PP fvabto: hagNamss

<rdf:RDF xmlns:irdf="http:/ vww.wil.org/l1999/02/22-rdf-ayntax-nad” umlna="http://dataportal.vear.edu/schemas/vato_all. owlé”

xmlnsrowl="http://www.wl.ocg/2002/07/owl#” xmlibase="http://dataportal.ucar.edu/scheman/vato _all.owl">

OWL document ret
using VSTO ontolo
can be used both
syntactically or
semantically

urned
gy -
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