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Course Overview

* Lecture One: VO: Virtual Observatory overview, the technology
(grids), science drivers, VO standards, VO Projects

* Lecture Two: Data: databases, science archives, federating
data, registries, xml. Science: hunting for brown dwarfs

e Lecture Three: Applications: workflows, data analysis
systems, theory services. Science: photometric redshifts

e Lecture Four: SQL: data mining with SDSS DR3, open sky
query, Sloan Web Services [Richard McMahon]

 Lecture Five: Demonstrations of VO Tools: I: apps
e Lecture Six: Demonstrations of VO Tools: II: workflows
e [ecture Seven: Radio/sub-mm [; ALMA, SKA, eVLA,

eMerlin; challenges and solutions [John Richer]
e Lecture Eight: Radio/sub-mm II: applications and pipelines,
analysis algorithms [John Richer]
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Summary: Lecture #1

e Introduction and Background

e Virtual Observatories
— Science Drivers
— Technological Drivers

* Distributed Computing

— Networks
— The Grid

e Supporting Computational Technologies
- Web Services
— Grid Services

* VO Technologies
- VO Standards
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Introduction and Background

* This course is not about programming per se,

e It is about:
— Locating data and information resources
— Discovering newly emerging Virtual Observatory Systems
— Learning use of these systems
— Moving on to use these systems in your science
— ... and then possibly doing some of your own development

e This lecture introduces the Virtual Observatories
— Following lectures explore the use of these facilities
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But first ... VO in a nutshell
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Virtual Observatories: Overview
From WHY to HOW and WITH WHAT
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Science Drivers for a VO

* Enable new science
— Perhaps through doing things that weren't thought of before

— By making possible science that was impossible to do before
e ¢.g. High precision cosmology, where mass data handling is required

— By making it easier to what is currently hard to do
e Thus giving the researcher — you — more time for interpretation of results

e All VO projects list a number of key use cases
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New Science from VO's:
Cosmology
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New & Improved Sc1ence from VO'
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» Number + size of telescopes
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New Computational Opportunities

Creating a distributed system with Grids and Web Services
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The Internet/ The WWW

Internet core protocols

/{

E

rs
rr s
7 f’c/‘/.’?:
/4.'/,’--
/ . _
) /%3;;:;;:
-{{f-/ﬁ //A/ .' _
AP S R

Web services and Grid services add layers of protocols to these
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o www.globus.org
The Grld www.ggf.org
Grid Guru's, Ian Foster / Carl Kesselman:

"A computational Grid is a hardware and software infrastructure
that provides dependable, consistent, pervasive and inexpensive
access to high-end computational capabilities."

— The Grid creates a virtual platform for computation and data
manipulation

- c.f. The Internet, a virtual platform for information

Early history dates to the 1980's
1990s: PVM, MPI, OpenMP: support parallel machines
1995: 1* Grid: I-Way at SC95

Late 1990s: Globus, Legion, Condor, SRB
Late 1990s: Grid Forum -> Global Grid Forum
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Overview of Distributed TeraGrid Resources
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Web Services

e Service Orientated Architectures

— An application architecture within which all functions are defined as
independent services with well-defined invocable interfaces which
can be called in defined sequences to form scientific processes.

* Core
- SOAP: simple object access protocol
— WSDL.: web services description language

e Implementations: Apache/AXIS, MS/ .NET (Open Source
Mono), Python, Perl, PHP

« WS-I**, WSRF standards: state, security, addressing,
management, asynchronous transactions
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SOAP/WSDL

SOAP: alightweight protocol for exchange of information in a decentralized,
distributed environment. It 1s an XML based protocol that consists of three parts:
an envelope that defines a framework for describing what 1s in a message and
how to process it, a set of encoding rules for expressing instances of application-
defined datatypes, and a convention for representing remote procedure calls and
responses

WSDL is an XML format for describing network services as a set of endpoints
operating on messages containing either document-oriented or procedure-
oriented information. The operations and messages are described abstractly, and
then bound to a concrete network protocol and message format to define an
endpoint. Related concrete endpoints are combined into abstract endpoints
(services). WSDL i1s extensible to allow description of endpoints and their
messages regardless of what message formats or network protocols are used to
communicate, however, the only bindings described in this document describe
how to use WSDL in conjunction with SOAP 1.1, HTTP GET/POST, and
MIME.

Source: W3C
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Grid Services

 Web services handle:
— Service Description
— Service Implementation
— Service Publishing, Discovery and Binding
— Service Invocation and Execution
— Stateless services

* Grid services add another layer
— Secure file transport
— Programme execution
— Monitoring services
— Adds state: allows asynchronous operations

* Open Grid Services Architecture:
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Grid/Web Services: Links

e Java: http://java.sun.com/webservices/index.jsp

- Axis (SOAP implementation): http://ws.apache.org/axis/

— Globus (GT4, Apr 05): http://www-unix.globus.org/toolkit/
e C#: http://msdn.microsoft.com/vcsharp/

— Mono: http://www.mono-project.com/about/index.html

— .Net: http://www.microsoft.com/net/
- WSREF NET: http://www.cs.virginia.edu/~gsw2c/wsrf.net.html

e Perl

— SOAP::Lite http://www.soaplite.com/
— WSREF::Lite http://www.sve.man.ac.uk/Research/AtoZ/ILCT

e Standards
— WSREF http://www-106.ibm.com/developerworks/library/ws-resource/
— SOAP http://www.w3.org/TR/soap/
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Grid Services: Links

* Globus and OGSA: http://www.globus.org/ogsa
* Globus and WSREF: http://www.globus.org/wsrf
e OMII: http://www.omii.ac.uk

 EGEE: http://public.eu-egee.org/
— gLite http://glite.web.cern.ch/glite/
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Astro-RG @ Global Grid Forum

interfacing with the grid community

- Astro RG - Mozilla

. File Edit View Go Bookmarks Tools Window Help

. File Edit View Go Bookmarks Tools Window Help Q O O % https://forge.gridforum.org/projects/astro-rg/
a O O @ o % http:/fwww.ggf.org/

.| 4% Home [SBookmarks E5MyNews FSmy £5Ag S MyAthens %

Project: [Asrn R =

# My Page Project Summary - Astro RG
Astronomical Grid Community .
Project Web Server Y (astro-rg)

Research Group
Project Tools ®
Project Summary Working Group
Chair(s): ~
Secretary: GLI Rixon _
Email list: astro-rg@gridforum.org (subscribe) Mem] B
Email list archive: (by thread) or (by date) i MRS

Research Group Charter:

The Astronomy Research Group explores issues related to the use of Grid
technology in support of astronomical data collections and data analysis
pipelines. The Astronomy Research Group is supported by the International
Virtual Observatory Alliance, a partnership of Virtual Observatory (IVOA)

»Reporting projects from across the globe. The term VO references Virtual
Observatories, rather than Virtual Organizations. However, a Virtual
Observatory is a Virtual Organization of diverse, distributed partners.
Project Management

» Administration

Nicholas Walton , Reagan Moore

http://forge.gridforum.org/projects/astro-rg

01\4\ \‘

&85 UNIVERSITY OF |
*CAMRRIHGF /
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VO Technologies

High level interoperability protocols
coupled with Grid Technologies
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IVOA: Enabling Interoperability

* The International Virtual Observatory Alliance
http://www.ivoa.net

* A global partneship

* Projects represent
major global
astronomy data
providers, e.g. ESO,
STScl, NAOJ

e Multi-wavelength
e Multi-site
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IVOA Architecture Analysis

Analysis of a VO:

e Multi-layer
* Complex
Observatory e User interfaces thru a portal
e Astro-apps interface toa VO
abstraction layer
* Lower level middleware
provided by the 'grid' world
* ¢.2. SRB
e Hardware at bottom layer

Discover Compute Publish Collaborate%

IVOA has working groups to
address 'astro' specific 'boxes'

Ref: IVOA Architecture Overview: Williams et al, 2004
IVOA Note 2004-06-14-:
http://www.1voa.net/Documents/Notes/IVOArch/IVOArch-20040615.html
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IVOA WOrking GI’OupSZ http://www.ivoa.net/forum

* Registry:
— how to 'register' resources: concept of VOResources

* Data Access Layer
— Standards for remote data access: e.g. SIAP, SSA

* Data Model
— Standards for the actual data: e.g. XML'ing of FITS
* VO Query Language
— Standards for 'astro' database access: e.g. Openskyquery, 'circle'

e Unified Content Descriptors
— Standards for common ways of describing data: metadata

 VOTable
— XML representation of tabular data

e Grid & Web Services
— Interfaces to Grid and Web Service stds: e.g. 'Heartbeat'
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IVOA: Interest Groups

Aim: issues of importance across working groups

e Applications
— Interfacing new and legacy apps (e.g. Iraf) to the VO
* RadioVO
— Issues relevant to 'Radio": e.g. The UV plane, interferometry
* Theory
— Simulations, mass scale compute
e Data Curation & Preservation
— Linkages to the Digital Libraries world, a-ph, ADS
e Architecture
— Fitting it all together
* Networks
* Semantics
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Virtual Observatories
A brief tour: specific examples of use in later lectures
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VO Architecture: AstroGrid

Community

rorta o Layer diagramme
Astronomer
1 CLI Portal Workbench } Interface
Messaging Registry
Science Applications }Toos
Workflow
-
DataAccess | | Dataset Access Workflow Registry Virtual
> Observatory
VObs Support . Resource Infrastructure
: Community :
Services Discovery
Tools MySpace Agent Data Mining Visualization
Framework Framework Framework
MySpace Auth/Auth Security > Middleware
Grid & Web Services Middleware
Component based system
Astronomical Datasets }Data
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US-VO: NVO http://www.us-vo.org

 Partnership of major
data/ compute centres
in the USA:

~ IPAC, NASA-
HESARC, NASA-JPL,
NRAO, NOAO, SDSS,
SAQ, STScl

- SDSC, NCSA,
Pittsburgh

— Globus, MS
e Webservices based

e Initially tools

— Now moving to an
architecture
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US-v0 Web

FEile Edit Wi

L1 Mozilla Firebird Help || Mozilla Firebird Disc... uplug—in FAQ |

| = US-VO Website

Go  Bookmarks

site - Mozilla Firefox

Tools Help
= ttpr w.us-vo.org/

JPersonal Toolbar Fo...

EJFlight Details |

. : S5 V.
NVO Facnltatlng SC|ent|f|c Discovery

NVO's objective is to enable new science by greatly
enhancing access to data and computing resources. In
conjunction with the January 2005 meeting of the
American Astronomical Society, NVO is releasing a

I 1Demo-

Deci4

first set of software tools and applications that make it

easy to locate, retrieve, and analyze data from
archives and catalogs worldwide.

¢ The NVO Registry Portal at STScl finds source
catalogs, observation logs, image archives, and

other astronomical resources registered with the
NVO.

& NVO DataScope helps you discover and explore
astronomical data from repositories around the
world.

® OpenSkyQuery lets you cross-match your data
with numerous catalogs.

& NVO Spectrum Services allow you to search, plot,

and retrieve Sloan, 2dF, and other spectra.

e The Web-Enabled Source Identification with
Cross-Matching (WESIX) package lets you
upload images to SExtractor and cross-correlate
the objects found with selected survey catalogs.

® How to publish your data collections to the NVO
provides software libraries and sample code of
VO Services for people who want to write their

Find images and
catalog objects




US-VO: Architecture

Portals, User Interfaces, Tools

| voror Dis
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Catalogs, Archives, Collections, Models
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Euro-VO: AVO http://www.euro-vo.org

* AVO: study programme

* Partners
- ESO, AstroGrid, ESA/ECEF,
JBO, CDS, Terapix
* Main outputs
— Technology Assessments
- Demo products (to be
discussed in a later lecture)
* AVO leads into a larger
Euro-VO project

— Links data centres and
missions with technology
development & operations

VO Techniques and Resources in Astronomy: Lecture #1

| | Astrophysical Virtual Obser...

Astrophysical ¥irtual Observatory - Mozilla Firefox

Eile Edit Wew Go Bookmarks Tools Help

4l Flight Details

8 Euro-VO Workshop 2005

# 27 June - 1 July, 2005 The EURO-VO Project
announces a workshop on VO technologies
and standards explicitly designed for data

@ centres and large projects to acquire the
knowledge and experience necessary to allow
them to become “publishers” in the VO. In
tutorials and lectures, participants will be
instructed in the use of VO analysis tools,
libraries and the existing web service
infrastructure to build VO compliant services.
The application deadline is 1 March 2005.

"

: Workshop Fage >
The IVO Allianc Workshop Page

AVO Internal Si~
EHQQ@EY AVO Demo 2005
vopmmoz00s January 25-26, 2005 The final demo of the
: EH_ AVO project - "Toward the EuroVO" - has been
o ~ = held at ESAC, Villafranca del Castillo, Spain.

) The demo showcased new workflow
techniques and focus on two scientific
scenarios, i.e., the evolution of AGB stars to
Planetary Nebulae and Star Formation
Histories in Galaxies.

Event Page >

VO-TECH Kick-off Meeting
November 18-19, 2004 The kick-off meeting
of the new EC FP6 VO-TECH proiect has been

-




Japan-VO: JVO http://jvo.nao.ac.jp

e Partners
- NAOJ, JAXA, ICRR, Ochanomizu U, Osaka U, Titech, Fujitsu
— Data from Suburu, Astro-F, Nobeyama, Alma

* 1* JVO prototype based on Globus Toolkit 2 — 'grid'
« 2" JVO prototype based on GT3 — grid services, improved performance

Demo 1: Cross match & Image request Demo 2: Cosmic String Search

Cross match of the optical and X-ray catalogs of Data request to the SXDS optical catalog, GL candidate
SXDS and image retrievals. selection, String search by pattern recognition.
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JVO Prototype System Architecture J Redhat Linux 2Mass
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Architecture of JVO Proto 2
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Other VO projects

e Aus-VO (Australia): http://www.aus-vo.org

* CVO: http://WWW2.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/cvo/
e China-VQO: http://www.china-vo.org

e Draco (Italy): http://wwwas.oat.ts.astro.it/draco/

* GAVO (Germany): http://www.g-vo.org/

« HVO (Hungary): http://hvo.elte.hu/en/

« KVO (Korea): http://kvo.kao.re.kr/

* RVO (Russia): http://www.inasan.rssi.ru/eng/rvo/
* SVO (Spain): http://laeff.esa.es/svo/

* VO-France: http://www.{rance-vo.org/

e VO-India: http://vo.iucaa.ernet.in/~voi/
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Lecture 1: Acknowledgements

'Grid' diagramme on Slide 19 Adapted from S. Lloyd, see
http://www.gridpp.ac.uk/talks/Inaugural Lecture.ppt

Some material on Slide 20 adapted from M. Graham, see NVO Summer School:
http://www.us-vo.org/summer-school/proceedings/presentations/WSTechnology.ppt

Teragrid graphic on slide 21 from Roy Williams, see
http://www.us-vo.org/summer-school/proceedings/presentations/Grid.ppt

The graphic on slide 36 due to Bob Hanisch, see
http://www.us-vo.org/summer-school/proceedings/presentations/Introduction.ppt

The graphics on Slides 5 and 39 are due to Masatoshi Ohishi of the JVO project
The graphic on Slides 38 & 40 due to Yuji Shirasaki of the JVO project
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SOAP Example

Request:
<soap:Envelope xmlIns:xsi= xmlns:xsd=

xmins:soap="http://schemas.xmlsoap.org/soap/envelope/">
<soap:Body>
<ComovingLineOfSight xmIns="http://skyservice.pha.jhu.edu">
<z>float</z>
<hubble>float</hubble>
<omega>float</omega>
<lambda>float</lambda>
</ComovingLineOfSight>

</soap:Body>
</soap:Envelope>

Response:
<soap:Envelope xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmins:soap="http://schemas.xmlsoap.org/soap/envelope/">
<soap:Body>
<ComovingLineOfSightResponse xmins="http://skyservice.pha.jhu.edu">
<ComovingLineOfSightResult>float</ComovingLineOfSightResult>

</ComovingLineOfSightResponse>

</soap:Body>
</soap:Envelope>
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WSDL Example

<definitions> _
<import>* - include other WSDLS

<types> - define datatypes used in <message> elements

’ <schema></schema>*
</types>
<m}g;sage>* - model data exchanged
<part></part>*
</message> : :
<portType>* - a subset of operations supported for an endpoint

<operation>* .
<input></input> - define input and output messages
<output></output>
<fault></fault>*

; <1{operation>
</port e>
<bpindin}ég* - concrete rotocoll and data format specification for a
<operation>* <portType> element
<input></input>
<output></output>
</operation>
</binding>
<service>*
<port></port>*
</service>
</definitions>

- identifies actual endpoint for WS
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