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astrophysical reqUirefientsmm

Astronomical data rate

50 Gbyte / Night
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Astronomical computational rate

GRID
(a solution)
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astrophysicalrequirements

B

Considerations on the next breakthroughs

* We have reached the physical limit of observations
(single photon counting) at almost all wavelenght...

* Detectors are linear

» All electromagnetic bands have been opened

Hence
Our capability to gain new insights on the universe will depend mainly on:

* (Capability to recognize patterns or trends in the parameter space (i.e.
physical laws) which are not limited to the human 3-D visualization

*  (Capability to extract patterns from very large multiwavelenght,
multiepoch, multi-technique parameter spaces

The answer to these needs is the International Virtual Observatory
which (like it or not like it) is bound to be implemented and to

change the way astronomers work!
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VO methodology

Data Gathering (e.g., from sensor networks, telescopes...)

Data Farming:
Storage/Archiving Database
Indexing, Searchabjjipy we= == = = - o \ technologies

Data Fusign, wiroperability, ontologies, etc.

” ~
7-) Data Mining (or Knowledee Discovery in Databases):
g ( : 8 Y ) Key matkrr(ucal
[

Pattern or correlation search

/ Clustering analysis, automated classification
Outlier / anomaly searches
Hyperdimensional visualization

ssues

> Data understanding
Computer aided understanding Ongoing refarch

KDD
Efc. /
> o

~ L NewKnowledge -~ -

- s wam
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To implement KDD tools is expensive (time, computing, need for
specialists), requires coordinated efforts between astronomers and

computer scientists and is aimed to fulfill the needs of large projects

Class 2

Learning problems as “function approximation”

X= {.rlsz,.r_h...x } input vectors

Y= {.:rrlj:c:.z_,..w:_Ti X, | targetvectors M << N

find f Y= j (X) isagoodapproximation of Y

Exploration on datasets
Dimensional reduction
Classification
Regression
Clustering
Forecasting
Filtering

Class 1
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= Data Mining Exploration‘Witha/O:Neural/DAME

Machine learning methods can be broadly
grouped in:

Supervised methods

They learn how to partition the parameter space by means of a training phase based
on examples.

Neural Networks such as the Multi Layer Perceptron (MLP), Support Vector Machines (SVM),
etc.

Pro’s & Con’s

They are good for interpolation of data, very bad for extrapolations

They need extensive bases of knowledge (i.e. uniformously sampling the parameter
space) which are difficult to obtain;

Errors are easy to evaluate

Relatively easy to use
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They cluster the data relying on their statistical properties only
Understanding takes place through labeling (very limited BoK).

Generative Topographic Mapping (GTM), Self Organizing Maps (SOM), Probabilistic Principal
Surfaces (PPS), Support Vector Machines (SVM), etc.

Pro’s & Con’s

In theory they need little or none knowledge a-priori
Do not reproduce biases present in the BoK

Evaluation of errors more complex (through complex statistics)
They are computationally intensive
They are not user friendly (... more an art than a science; i.e. lot of experience required)
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Data Mining Models

VirtualFileStore

MLFP

................................................ . GRID User
Interface
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> FRAMEWORK
(restful Web service)
-
DM Plugins
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| |
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DR REDB
Driver Management DBM 5 for:
System for: R egistration
Storage and Execution Authentication
Infrastructure Abstraction Session
Data File Conversion

SV

Object Oriented Programming
Internal VO standards and protocols
Java language (generic for DMM)
User/Session Registry DB (MySQL)
Web-based User I/O
Web Application and Web Service Technology
Plugin Modularity (easy to be integrated/modified)
Hardware independent through GRID driver

-—"

DataBase

FileStore (Storage Element)

Logical Flux

Data
Trasmission

Protocol

e — _-... . .
Trasmission
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Model
* Encapsulates application state
* Responds to state queries
Controller Model » Exposes application
functionality
i » Nofifies views of changes

execute()

Dispatcher Filter
Interceptors

Action

()
|

Q

getXax() ,l" =
P . !
View View Selection

Controller
= Detines application behawior
= Maps user actions to
modal updates
= Selects view for response
= One for each Tunc.',innalitgr

* Renders the models
* Reguests updates from models

» Sends user gestures to controller 1T 1111

« fillows controller to select view User Gestures

Architecture:

e MVC (Model-View-Controller);
Technology:

e Struts 2.0 (building infrastructure tool);

Method Invocations
Events

Features:
 User GUI deployment and I/O management;

e Local User/Session data virtualization through Virtual File Store;
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DR Component
Architecture:
e [t depends on the environment choice;
e In S.Co.P.E. DR is a component running on
the GRID UI;
Technology (in S.Co.P.E.):
* GRID Software (middleware gLite);
Features:
* Storage Device(s) + Execution Environment
= Deployment Environment;

* Dynamic Driver Loading => Driver Plugins;

 Also used to convert files formats (standard
or DMM dependent); DR translate schema

FITS

WOTable Y

ASCl —»

CsSv

FITS

/‘ WOTable

¥
—» ASCI

oMM

Workshop finale d

* Process Ervironment (CPL)
« FS (HD)

Computing Environment

' Process Environment (WH)
+F5 (SE)

g

-‘ * File Sistem interaction
* Execute job

* Monitoring job

' Refrive resutts

* SE interaction

* Submit job

* Monitoring jok

' Refrieve results

|

DRMS (Library)

» Processing
+FS

- | - = |

| Interface

-

' processing
+FS

* translating

* Manage process environment
* Use differert platform

' Access Process resources

* Use translating

h'" 2000-2006 - Avviso 1575 — Catania, February 10-12 ,2009

Legend

Green arrow:
indicates the up-down
connections

Blue arrow: indicates
the bottorm-up
connections

Acronyms

CPU: Central Processing Unit
DRMS: Driver Management
System component

FS: File Store

FW: Framework component
HD: Hard Disk

SE: Storage Element

WN: Worker Mode

CML: Command Line

API: Application Programming
Interface
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DVIM Compoenent

Architecture:

 data mining class hierachy for functionality implementation;
Technology:

» available model packages and libraries;

* custom wrappers for internal standardization;

Features:
» modularity;

* functionality specialization;

DM Library wrappers

DM Libraries

Low Level Libraries
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REDB Component

* JDBC;

Technology (in S.Co.P.E.):

* MySQL and JDBC API;

Features:

* management of user (registration, authentication, working sessions,
experiments and files) information and their relationships;

* store and manage information about three different file's categories:
“supported”, “exotic” and “custom” (datasets, model configuration and

intermediate data); — T T "

ssiD
o country
1
7

ki affiliation

REDB (Registry & DataBase) DBMS (MySQL)

REDB pakage

Management of:
Sessions
Experiments

owns

:‘.': va A p r:lr_:t !
A r.pli.:.:.r_i.:-n

|CRC AP

JDBL Driver
ol TRl

DataSource Object

»7 T

Pure Java Pure Java

OB Diriver f |DBC Diriver

e _©

downloadable

creation date file name URI

S

FILE

last modification

Admin
Interface

owner mail domains
activation status
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o OO 2 AMEWORK Component

Architecture:

* Restful Web Service (client-server apps with resource
addressable with HTTP methods);

Technology:
* Web container SUN Apache Tomcat;

Features:
* Internal resource representation through
“contextual” VOTables;

* user authentication and working session
management;
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Releases

Uncertain
Estimates|
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Design & Documentation process:
Statement of work & Project Plarn
Project Design Description
SW Requirement Specifications
Software Design Description
Implementation

+ Annnroa Cr

—
= L =

o 2 e Nl

-3 Extension Poirts
typecasting
graphics
standard statistics

VONEURAL/DAME ORGANIZATION CHART

G. Longo
Principal Investigator
]

M. Brescia
Project Manager

O. Laurino
Project Engineer
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- User/Developer Perspective

A~simple user can upload and build his datasets, configure the data mining models

available, execute different experiments in service mode, load graphical views of
partial/final results.

s

You are not considering yourself as a simple user? Ok, so you think to be a
Developer. Or at least a scientist who wants to upload and use his application (and
possibly to share it with others).

Be honest, you don’t trust someone else’s application.
So You want to extend our framework?

DM Models Development
Add new low level/DM shared libraries and related new wrapper;
Model/Driver Plugin Development

Implement and test the DMPlugin abstract class;

The same if you want to develop a new driver for a specific environment or storage
system. Just implement the Driver Plugin Interface and register it;
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Application-Prototype

¥} DAME help & tutorials - HowTo - Mozilla Firefox
File Modifica Visualizza Cronologia Segnalibri Yahoo! Strumenti ?
= c ﬁ' (L] |http:ffpcdevauc.na.infn.it:gﬂﬂﬂfhelpf#registration it '| |'| Google P| YI;%

£ Pivisitati ¥ Come iniziare ) Ultime notizie

Y_’ - - hd | Search Web - ﬂj] - | B Mail - J Shopping - <07 Personals - @ My Yahoo! G News - G Games - CﬁTravel ~ [ Finance - [E Answers ~ W3 Sports - m‘ Signln -

X | | DAME help & tutorials - HowTo X | | https:/fimap-ac.n.../src/webmail.php =

* | | VO-Neural Home Page

| »

| F_H siternap page

— DAta Mining and Exploration
California Institute of Technology - Universita degli Studi Federico I - Ay

Username i . L
: How to use this website/web application

Password 1. Registration

m

-
seasesees e 2 Login
-

4. Experiments

1. Registration

In order to use DAME, you have to request an account. You can freely sign up for a new account and a

Help & Tutorials confirmation message will be sent to your email address.
Signing up you will have access to the tools provided by the webapplication, that is to say:
o MyExperiments

You can refer to the specific sections for details about this tools, which will allow you to do the following

operations:

& Upload files to our servers. This way you will have a persistant repository with all your datasets
and you won't need to upload a file each time you need to launch an Experiment.

s View all the output files produced by the experiments you launch.

* Download the results of the experiments to your local hard drive.

Ministero degli
Affari Esteri

To sign up go to the registration page and fill in the form (all the fields are required).
Choose a password which is not too easy to guess, but we recommend not to set it to a password you
use to ssh to other servers.

Once youve succesfully submitted the registration form, a confirmation link will be sent to your email
address. Click on the link in order to activate your account and start using DAME. -

Completato
' T ¢ T8 flEe 1409

f‘. & 2~ ¥ " catania_febbraio2009 3 DAME help & tutori... 2009 tiruvalla_India.... T voneural-dame
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Application-Prototype

¥} Dame - DAta Mining and Exploration - Mozilla Firefox
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JE siternap page = | | VO-Neural Home Page 4 | | Dame - DAta Mining and Explorat... x |_|_‘ https://imap-ac.n.../src/webmail.php > -
Massimo Brescia e
Last Login My Experiments
Sun 08 Feb 2009
SEUEICN : -
m | Name | Sciencecase ___ [Mode _|Status ____[Actions |
MyFilestore
Help & Tutorials
:
,
Launch Experiments
l New MLP ] My Filestore
MNew SVM Sfogha_
[ Mew PhuloZ ] l Click here to upload the file l
(Dirs ____JFiles  [Adions B i
[ brescia
No data in this directory!
/brescia/Samples Delete Download
: iris.dat Delete
Ministera degli provapiccolo.csv Delete
Affari Esteri ¥
Completato
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Application-Prototype

¥) Dame - DAta Mining and Exploration - Mozilla Firefox
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Application-Prototype

¥} Dame - DAta Mining and Exploration - Mozilla Firefox

File Modifica Visualizza Cronologia Segnalibri Yahoo! Strumenti ?
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— DAta Mining and Exploration
California Institute of Technology - Universita degli Studi Federico

Massimo Brescia

Last Login Experiment Configuration
Sun 08 Feb 2009
01:01PM GMT
Science case: you can choose whether to classify labeled patterns or to find a regression mapping from
m examples. You can find documentation here.

MyExperiments Mode: choose the mode you want to run. If you don't know what these modes mean and how they work,
refer to this link.

[ Train a New Net
Ip & Tutorials Testa Trained Met
Run
The Team Full (Train + Test)

Launch Experiments

[ New MLP |

MNew SVM

| NewPhotoZ |

Cor_nEbIetato
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Application-Prototype

¥} Dame - DAta Mining and Exploration - Mozilla Firefox
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| msitemap page X | | VO-Neural Home Page X | | Dame - DAta Mining and Explorat... x | | httpsi/fimap-ac.n.../src/webmail.php = F
Massimo Brescia ) i o
Last Login Experiment Configuration
Sun 08 Feb 2009
01:01PM GMT N
m Name. This is the name that will be associated with the experiment. Be sure the name is meaningful to
you. When the experiment is done, you will find your files in a directory in your filestore named after your
MyFilestore experiment.
Experil t : i
MyExperiments periment hame myExperiment
Input Hodes. It is the number of input features. If N is the number of input features and M the number of
target components, then the training set must have exactly N+M columns.
Input nodes: 4
Ip & Tutorials Hidden Nodes Help
Qutput Nodes Help s
Max epochs: 1000
Launch Experiments
Tolerance: 1e-05
[ Newmp | Training algorithm: {MSE-INCREMENTAL i~
New SVM Resume training: MSE - BATCH
Network: | CE - INCREMENTAL
| NewPhotoz | o CE - BATCH
Training set: TSamples/provapiccolo.cav v
Do validation: b
Validation set: /Samples/provapiccolo.cav -
Gol
Ministero degli
Affari Esteri =
Completato
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Application-Prototype

%3 MLP Submission - Mozilla Firefox

File Modifica Visualizza Cronologia Segnalibri Yahoo! Strumenti ?

= c ﬁ' (1 |http:;".-"pcde'.rauc.r1a|.im°n.it:9‘1](.'!(.'!;"6:}(;]erir‘|'1er1ts«"r'|'1Iptrairh"ﬁiIr i '| |'|Goog:'e P| YI;%

£ Pivisitati ¥ Come iniziare . Ultime notizie
Y_’ - - * | Searchweb - [[J -

| msitemap page X | | VO-Neural Home Page X | | MLP Submission ® | | httpsi/fimap-ac.n.../src/webmail.php = -

£ Mail - J Shopping - <07 Personals - @ My Yahoo! G News - &8 Games - EﬁTravel + & Finance -~ [E Answers ~ &3 Sports - m' Signln -

Last Login Experiment Details i

Sun 08 Feb 2009
01:01PM GMT Experiment Name: myExperiment

i

Parameter value
MyFilestore Input Nodes 4
Hidden Nodes 8
MyExperiments Output Nodes 1

Max Epochs 1000

Training Algorithm mselncremental
Help & Tutorials Training Set /brescia/Samples/provapiccolo.csv

Validation Set /brescia/Samples/provapiccolo.csv

[Dirs _ [Files  [Adions |B

m

Launch Experiments jbrescia.fmyExperiment Download
provapiccolo.csv.fits Delete
[ Mew MLP ] myExperiment.cswv Delete
myExperiment.log Delete
New SVM myExperiment.ERROR Delete -

Mew PhotoZ
[ l Experiment Log

| Problem case: Classification

E Training algorithm: Incremental
! Error: MSE

i Error tolerance: le-05

Input network name: empty

Ministero degli Training dataset: myExperiment/provapiccolo.csv.fits ‘_

Affari Esteri

Validation dataset: myExperiment/provapiccolo.csv.fits
Testing dataset: myExperiment/empty.fits

Completato
) ; - — .
" o [l 2 7 [ catania_febbraio2009 ¥) MLP Submission - ... 2009 _tiruvalla_India... | T voneural-dame o ¥ 1417
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Mining the SDSS Archive I. Photometric

First gxample ) : . redshifts in the nearby Universe, R.
evaluation of SDSS redshift using supervised NN (MLP) D'’Abrusco et al. (The Astrophysical

Journal, 663: 752-764, 2007 July 10.

Second example astro-ph/0805.0156v1; to appear soon in
MNRAS (R. D’Abrusco et al.)

Searching for candidate quasars in the SDSS archive

Third example Cavuoti 2008, Thesis (VONeural
Classifying AGN in SDSS with SVM website, voneural.na.infn.it)

In this Conference poster session:

A web application for photometric redshifts evaluation
Omar Laurino et al.
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