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The Problem

U]

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

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

“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).

These tools often are not scalable to distributed computing environments or are too difficult
to be migrated on a GRID infrastructure
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A Solution

e

So far, our idea is to provide:

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

There 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 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 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:

e 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 Required Approach

8 At the end, to define, design and implement all these standards, a new scientific discipline
profile arises: the ASTROINFORMATICS, whose paradigm is based on the following scheme
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Example:

brightness, etc.) parameters
RA and dec
A, time
fluxes
polarization

The computational cost of DM:
N = no. of data vectors,

D = no. of data dimensions
K = no. of clusters chosen,
Kmax
/

Dints in a

= max no. of clusters tried DxK

= no. of iterations, ensional
M = no. of Monte Carlo trials/partition arameter
K-means: KxNxIxD . /ot o space:
Expectation Maximization: K x N x | x D? ’ N >109
Monte Carlo Cross-Validation: M x K__ 2 x N x | x D?
Correlations ~ N log N or N2, ~ DX (k> 1) D>>100
Likelihood, Bayesian ~ N™ (m >3), ~ Dk (k> 1) K>10
SVM >~ (NxD)? brescia@na.astro.it



The SCoPE GRID Infrastructure

SCoPE : Sistema Cooperativo distribuito ad alte Prestazioni per Elaborazioni Scientifiche
Multidisciplinari (High Performance Cooperative distributed system for multidisciplinary
a scientific applications)

|

Y
O

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

* Integration in the Italian and European Grid Infrastructure
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Technical and management info

Documents
Science cases

A method for the extraction of photometric
QSOs candidates

In thiz page, you will find a description of the method for the exdraction of photometric @50z candidates
described in the paper"Quasar candidates selection in the Virtual Ohservatary era” from D'Abrusco et al.
suhmitted to MMRAS {preprint).

The inspiring principle of this work is the application of statistical and data-mining technigues to obtain a
clustering of astronomical sources inside a photometric parameter space and fully characterize the
distribution of different types of sources inside this parameter space. This concept has been applied to the
problem ofthe selection of Q50s candidates from broadhand photometric data by exploiting the availahbility
of large spectroscopic bases of knowledge (Bol i.e., samples of sources with a reliable classification).

The procedure for the extraction of candidates can be summarized as follows:
# A BoK consisting of a sample of stellar sources with spectroscaopic classification is clustered

inside the colour parameter space. This Bok is drawn from the catalogue of photometric sources
from where, atthe end of the process, the new Q505 candidates will be extracted.

Several possihle partitions of the distribution of sources of the Bok inside the colour space are
produced by a combination of twa clustering algorithm: PPS and MEC.

The members of each cluster of each different partition are labelled using the Bok! classification.

Amongst all the possik
between clusters popl

e
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D-Neural Redshifts B | | webmail

] | e =1 o
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Home Project Documents Download Contact Us

Evaluation of photometric redshifts using
neural networks

Shakbazian groups inthe SOSS

G50 candidates in the S05S Download the catalogues!

Documents

The work discussed here represents the natural evolution of a previous attempt described in these

pages and presented in the 2002 and 2003 papers

Science Papers The final result, namely the redshifts for a large subsample of the galaxies present in the SDSS are
downloadable here. This work was part of the Ph.D. Thesis of Raffaele D'Abrusco and has been
published in Ap.J (2007).

Fublic Outreach

The main idea behind the waork is to exploit the huge data wealth of the SDSS to train a supervised
neural network to recognize photoretric redshifts. The details of the work can be found in this paper.
In short the procedure can be surrmatized as it follows:

# The training, validation and test sets are built using the SDSS spectroscopic subsample. This
samnple is almost complete at miRI<17.7, while for fainter magnitudes it includes mainly
Luminous Red Galaxies or LRG's

» Afirst MLP is trained at recognizing nearby (2<0.25) objects from distant (0.25<z<0.5) ones

# Then two networks are trained in the two different redshift ranges and the optimal architecture
is found by varying the NN parameters

+ The resulting redshifts show a trend which is corrected by applying an interpolative correction

# Once the three NN have been trained the photometric data are processed for the whole
galaxy sample and the photometric redshifts are derived.

The whale procedure outlined above is repeated indipendently for all objects in the MAIN GALAXY
sample of the SDSS and for the LRG's only. The resulting catalogues can be downloaded here

The main results can be summarized as it follows

1 Tha mathad laade tn an rm = arar fevaluated on the test set only) better than any other method

amsamamyon AISO, under design a web application for data exploration

The details ofthe method and algorithms can be found in the paper.

The catalogues of Q505 candidates extracted from the SDSE DRY photarmetric survey can he downloaded
here.

e ome- 0N globular clusters (VOGCLUSTERS) e

W EDR 00621

. _ EDR 0.0509
Csabai et al. (2003) interpolative EDR 0.0451
Csabai et al. (2003) bayesian EDR 0.0402
Csabai et al. (2003) empirical, pelynomial fit EDR 0.0318
Cabai ot al. (2003) K-D tres EDR 00254
Suchkor <t al. (2005) Class X DR-2 0.0340

Way & Srivastava (2006)°  Gaussian Process DR-3 0.0230



Qe

DAME Work breakdown

Data (storage)

Transparent computing
Infrastructure (GRID,
CLOUD, etc.)

Semantic construction of BoKs

— > BoK

engine

Catalogs and metadata

results

Models & Algorithms
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The DAME architecture
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Two ways to use DAME - 1
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Two ways to use DAME - 2

DATA MINING
FRONT END MODELS

WEB-APPL. Model-Functionality
GUI LIBRARY RUN

regression
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USER &
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Stand ' USER USER USER
Alone GRID CLOUD INFO SESSIONS EXPERIMENTS
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G); * DMPIlugin package under test (beta SW & Manual already available for download);

|_1'] http:f fvoneural.na.infn.itidmplugin, html - '.l T

: |_] mozdev.org || ASTRONOMIA
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Functionalities Soﬂwa re C om Po ne nts

Classification

Data Mining Custom Application Wizard

Regression

DMPlugin Wizard User Manual

DiAPIugin Wizard Quick Guide page

Data Mining Models

One of the main design goals in DAME was to make the Usee=hle to deplov ancw data

MultiLayer Perceptron (MLP) mining application in the DAME Suite, representing also an easy way to extend Suite tools
Support Vactor Machin [SYM)] and algorithms. To do this, the main component named FRAMEWORK (FW) includes a

sup-component, named DMPLUGIM, that allows to configure external custom applications
MLF & Genatic Algarithm [MLPSA] and to generate code through an automatic procedure.

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

http://dame.na.infn.it/
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