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The The ProblemProblem
Astrophysics communities share the same basic requirement: dealing with massive
distributed datasets that they want to integrate together with services

In this sense Astrophysics follows same evolution of other scientific disciplines: the growth of
data is reaching historic proportions…

“ hil d t d bl f l i f ti t b d i ti“while data doubles every year, useful information seems to be decreasing, creating a
growing gap between the generation of data and our understanding of it”

Required understanding include knowing how to access, retrieve, analyze, mine and integrate
data from disparate sources

But on the other hand, it is obvious that a scientist could not and does not want to become an
expert in its science and in Computer Science or in the fields of algorithms and ICT

In most cases (for mean square astronomers) algorithms for data processing and analysis are
already available to the end user (sometimes himself has implemented over the years, private
routines/pipelines to solve specific problems).
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routines/pipelines to solve specific problems).
These tools often are not scalable to distributed computing environments or are too difficult
to be migrated on a GRID infrastructure



A A SolutionSolution
So far, our idea is to provide:

User friendly GRID scientific gateway to easy the access, exploration, processing and
understanding of the massive data sets federated under standards according Vobsunderstanding of the massive data sets federated under standards according Vobs
(Virtual Observatory) rules

Th i t t h t d t i ti V b t d d l t i t bilit fThere are important reasons why to adopt existing Vobs standards: long‐term interoperability of
data, available e‐infrastructure support for data handling aspect in the future projects

Standards for data representation are not sufficient This useful feature needs to be extended toStandards for data representation are not sufficient. This useful feature needs to be extended to
data analysis and mining methods and algorithms standardization process. It basically means to
define standards in terms of ontologies and well defined taxonomy of functionalities to be
applied in the astrophysical use casesapplied in the astrophysical use cases

The natural computing environment for the MDS processing is GRID, but again, we need to
define standards in the development of higher level interfaces, in order to:
• isolate end user (astronomer) from technical details of VObs and GRID use and configuration;
• make it easier to combine existing services and resources into experiments;
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The The RequiredRequired ApproachApproach
At the end, to define, design and implement all these standards, a new scientific discipline, , g p , p
profile arises: the ASTROINFORMATICS, whose paradigm is based on the following scheme
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Neural Networks
Bayesian Networks

Support Vector Machines



The The newnew science science fieldfield
Any observed (simulated) datum p defines a point (region) in a subset of RNAny observed (simulated) datum p defines a point (region) in a subset of R
Example:

• experimental setup (spatial and spectral resolution, limiting mag, limiting surface
brightness etc ) parametersbrightness, etc.) parameters

• RA and dec
• λ, time
• fluxesfluxes
• polarization

The computational cost of DM:

ASTROINFORMATICS
(emerging field)

N      =  no. of data vectors, 
D      =  no. of data dimensions
K      =  no. of clusters chosen, 

f l d
N points in a 

Kmax =  max no. of clusters tried
I       =  no. of iterations, 
M    =  no. of Monte Carlo trials/partitions
K K N I D

DxK
dimensional
parameter

K‐means:   K × N × I × D
Expectation Maximization:   K × N × I × D2

Monte Carlo Cross‐Validation:  M × Kmax
2 × N × I × D2

C l ti ~ N l N N2 ~ Dk (k ≥ 1)

space:  

N >109

D>>100Correlations ~  N log N or N2,  ~ Dk (k ≥ 1)
Likelihood, Bayesian ~ Nm (m ≥ 3),  ~  Dk (k ≥ 1)
SVM > ~ (NxD)3

D>>100 
K>10
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The The SCoPESCoPE GRID GRID InfrastructureInfrastructure
SCoPE : Sistema Cooperativo distribuito ad alte Prestazioni per Elaborazioni Scientifichep p
Multidisciplinari (High Performance Cooperative distributed system for multidisciplinary
scientific applications)

Objectives:
• Innovative and original software for fundamental scientific research
• High performance Data & Computing Center for multidisciplinary applications
• Grid infrastructure and middleware INFNGRID LCG/gLite
• Compatibility with EGEE middleware
• Interoperability with the other three PON 1575 projects and SPACI in GRISU’

i i h li d G id f

ASTRONOMICAL

• Integration in the Italian and European Grid Infrastructure

CAMPUS‐GRID
MEDICINE

CSI

ASTRONOMICAL
OBSERVATORY

ENGINEERING

ENGINEERING

The SCoPE Data Center
33 Racks (of which 10 for Tier2 ATLAS)
304 Servers for a total of 2.432 procsENGINEERING

Fiber Optic Already Connected Work in Progress

170 TeraByte storage
5 remote sites (2 in progress)
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WhatWhat isis DAMEDAME
DAME is a joint effort between University Federico II INAF OACN and Caltech aimed atDAME is a joint effort between University Federico II, INAF OACN and Caltech aimed at
implementing (as web application) a suite (scientific gateway) of data analysis, exploration,
mining and visualization tools, on top of virtualized distributed computing environment.

http://voneural na infn it/http://voneural.na.infn.it/
Technical and management info
Documents 
Science cases

http://dame.na.infn.it/
Web application PROTOTYPE
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WhatWhat isis DAMEDAME
In parallel with the Suite R&D process all data processing algorithms (foreseen to beIn parallel with the Suite R&D process, all data processing algorithms (foreseen to be
plugged in) have been massively tested on real astrophysical cases.

http://voneural.na.infn.it/
Technical and management infoTechnical and management info
Documents 
Science cases

Also, under design a web application for data exploration
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Also, under design a web application for data exploration 
on globular clusters (VOGCLUSTERS)



DAME Work DAME Work breakdownbreakdown
Data (storage)
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The DAME The DAME architecturearchitecture
Client‐server AJAX
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TwoTwo waysways toto useuse DAME DAME -- 11
Si l
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TwoTwo waysways toto useuse DAME DAME -- 22
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TwoTwo waysways toto useuse DAME DAME -- 22
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DAME on GRID DAME on GRID –– ScientificScientific GatewayGateway

GRID CE

DR Execution DR Storage
The two DR component processes

make GRID environment embedded to

GRID SEDM Models Job Execution
U & E i t D t A hi
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GRID UI

Browser
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ComingComing soon…soon…
• now: suite deployed on SCoPE GRID currently under testing;now: suite deployed on SCoPE GRID, currently under testing;

• DMPlugin package under test (beta SW &Manual already available for download);

http://voneural.na.infn.it/
Technical and management info

http://dame.na.infn.it/
Web application PROTOTYPE

• End of October 2009: beta version of Suite and DMPlugin released to the community;

Technical and management info
Documents 
Science cases

Web application PROTOTYPE
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