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Data Mining (KDD) as the Fourth
Paradigm Of Science

The old traditional, “Platonic” view:
. Technology & Practical
Pure Theory |:> Experiment |:> . .gy
Applications

The modern and realisticview when dealing with complex data sets:

Technology >

Theory (analytical + numerical)

The
FOURTH
PARADIGM

Data-Isrensive Sciestieic Discovery

This synergy is stronger than ever and growing

Experiment + Simulation

Definition
DM is the exploration and analysis of large quantities of data in order
to discover meaningful patterns and rules
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The BoK’s Problem

Limited number of problems due to limited number of reliable BoKs

So far

Limited number of BoK (and of limited scope) available

Painstaking work for each application (es. spectroscopic redshifts for photometric
redshifts training)

Fine tuning on specific data sets needed (e.g., if you add a band you need to re-train the
methods)

* There’s a need of standardization and interoperability between data together
with DM application

Community believes Al/DM methods are black boxes
You feed in something, and obtain patters, trends, i.e. knowledge....
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What DAME is

DAME Program is a joint effort between University Federico Il, INAF-OACN, and Caltech aimed at
implementing (as web applications and services) a scientific gateway for massive data analysis,
exploration and mining, on top of a virtualized distributed computing environment.

http://dame.dsf.unina.it/
Technical and management info

ome Cloud Services Science: echliolngy Machine Learning P '!3@.“:.5 Education & Lectures T eTe am Conte

— What s DAME ' - Science cases
— - ' ' ® Newsletters

News . : - . . . . ‘

Contact Us
1861 > 2011 > >
Products 156° anal & Unith 'Tuatia

Technical anmaliy fine tun cj

Support Sepaeks A lanuals ~ odel Manuals ~ loud Services v Science Cases ¥ Documents ¥ Info v
DAME is an e \ . LA 9 L £ =R L il i

DAME can also be exp

LogOut 8,

Resources
Newsletters

Public OQutreach
RESQURCE MANAGER | Upload in eri

ice Workspace [

% = ‘Workspace v File Manager
Forex Trading Training i
— Workspace:
Center | % New Workspace experiment
Astrophysics Source o Jliwmm Dow (g Edt | Fie Type  LastAccess % Dok
o # Rename Vierkspass Upioad (3 Experimeni 3¢ Delete
& provola.dat asci 2010-1217 ®
# periment i x
My Experiment:
Wiorkspace:
eeeeeeee t
Experiment Status Last Access: 3 Dokte
b dasdsadas falled 20110307 ]
. . . a 20110307 ®
.
p://dame.ast.unina.iyoeta Info.ntm ’ - x
I ed 2011-03-07 ®
DAMEWARE Web app ication Beta Version . — -

M. Brescia et al. = IVOA Interop Meeting — Napoli, May 2011



DM 4-rule virtuous cycfe

e Virtuous cycle implementation steps:
— Transforming data into information

* Science business must: via
— Respond to patterns by taking action / * Hypothesis testing

* Finding patterns is not enough

. * Profiling
— Turning: - _
_ ¢ _ * Predictive modeling
* Data into Information - - i
* Information into Action : e Model deployment
e Action into Value \ e Scoring
* Hence, the Virtuous Cycle of DM: - edadiciient

e Assessing a model’s stability &
effectiveness before it is used

1 Identify the problem
Mining data to transform it into actionable information

3. Acting on the information

4. Measuring the results E
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DM: 11-step Methodology

The four rules reflect into an 11-step exploded strategy, at the base of DAME concept

s = 2 B > =

N
= &

Translate any opportunity (science case) into DM opportunity (problem)

Select appropriate data

Get to know the data

Business = ata
Lindestaniing === Und&rsmnaim

N\

Data
Preparation

by

Solution

Create a model set

Fix problems with the data
Transform data to bring information
Build models

Assess models

Deploy models

Evaluation

Assess results

Begin again (GOTO 1)
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]::jfective DM process break-down

Semantic construction of BoKs

Models & Algorithms
Z BoK

W

O, . o9

Transparent computing
Infrastructure {GRID, 0

Application

engine

Catalogs and metadata
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The Black box qumstructure

In this scenario DAME (Data Mining & Exploration) project, starting from astrophysics
requirements domain, has investigated the Massive Data Sets (MDS) exploration by
producing a taxonomy of data mining applications (hereinafter called functionalities)
and collected a set of machine learning algorithms (hereinafter called models).

This association functionality-model is made of what we defined "use case", easily
configurable by the user through specific tutorials. At low level, any experiment
launched on the DAME framework, externally configurable through dynamical
interactive web pages, is treated in a standard way, making completely transparent to
the user the specific computing infrastructure used and specific data format given as
input.

So the user doesn’t need to know anything about the computing infrastructure and
almost nothing about the internal mechanisms of the chosen machine learning
model..
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DAME SW Architecture

Client-server AJAX

\user (Asynchronous JAva AL NS
@ FRONT END Xm\ll) aklah MODELS
N 2B WEB-APPL. SR Model-Functionality
\\\\" [ GUI - T LIBRARY RUN
f-\/) /\( based on Javascript
. regression

Restful, Stateless Web
Serviceexperiment data, FRAMEWORK
Working flow trigger and [RAZ:2347(e3
Supervision Servlets b Suite CTRL DMPlugin
Based on XML protocol

DM Functionalities

DM Models
REGISTRY &

DRIVER DATABASE
FILESYSTEM & HW env virtualization; USER &
TIN50V 177/ >torage + Execution LIB EXPERIMENT

Library Data format conversion INFORMATION

DM Library wrappers

1, SWIG, ...

DM Libraries
libfann, libsvm, ...

Low Level Libraries

Stand “ USER || USER USER
Alone [l GRID [ | CLOUD INFO |'| SESSIONS || EXPERIMENTS
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The Available Services

T
R

DAMEWARE Web Application Resource M- < -

Main service providing via browser a list of algorithms and tools to configure and launch
experiments as complete workflows (dataset creation, model setup and run, graphical/text
output):

* Functionalities: Regression, Classification, Image Segmentation, Multi-layer Clustering;

* Models: MLP+BP, MLP+GA, SVM, MLP+QNA, K-Means (through KNIME), PPS, SOM, NEXT-II;

VOGCLUSTERS
Web Application for data and text mining on globular clusters;

STraDiWA (Sky Transient Discovery Web Application)
detect variable objects from real or simulated images (under R&D);
WEFXT (Wide Field X-Ray Telescope) Transient Calculator 44&” Firereath
Web service to estimate the number of transient and variable sources that can be detected by

WEXT within the 3 main planned extragalactic surveys, with a given significant threshold;
e 4 4 -
- % s
SDSS (Sloan Digital Sky Survey) Sl b

Local mirror website hosting a complete SDSS Data Archive and Exploration System;
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Web 2.0 Features in DAME

Web 2.0? It is a system that breaks with the old model of centralized Web sites
and moves the power of the Web/Internet to the desktop. [J. Robb]

the Web becomes a universal, standards-based integration platform. [S. Dietzen]
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VO Intero $em61f1ty scenarios

DA1 ‘ SAMP Full interoperability between DA (Desktop Appllcatlons)
Local user desktop fully involved (requires computing
DA2 power)
. _/
Full WA = DA interoperabilit
- D i

DA ~‘ WSC Part.ial DA - WA interoperability (such as remote file
= storing)

MDS must be moved between local and remote apps

WA

1) Local user desktop partially involved (requires minor
computing and storage power)

\ Except from URI exchange, no standard interoperabilty
-
WAL % o Different accounting policy

MDS must be moved between remote apps (but larger
WA2 .
], bandwidth)

No local computing power required
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Our vision: imyroving aspects
DAs has to become WAs

T . 5 Unique accounting policy (google/Microsoft like)
WA1 ‘ plugins

To overcome MDS flow apps must be plug&play (e.g.
any WAX feature should be pluggable in WAy on
demand)

WA2
X iy

No local computing power required. Also smartphones
can run VO apps

g

Requirements

« Standard accounting system;

 No more MDS moving on the web, but just moving Apps, structured as plugin
repositories and execution environments;

« standard modeling of WA and components to obtain the maximum level of granularity;
 Evolution of SAMP architecture to extend web interoperability (in particular for the
migration of the plugins);
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Our vision: plugin granularity flow

WAX

3. Way execute Px-3

This scheme could be iterated and extended
involving all standardized web apps

T
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The Lernaean Hyofm VO KDD App

After a certain number of such iterations...

The VO KDD App scenario
WAX will become:

No different WAs, but simply
one WA with several sites
(eventually with different GUIs
and computing environments)

All WA sites can become a
mirror site of all the others

The synchronization of plugin
releases between WAs is
performed at request time

Minimization of data exchange
flow (just few plugins in case of
synchronization between
mirrors)
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Conclusions

DAME was not originally conceived (for the lack of suitable standards) to
be interoperable with the VO, but offers a good benchmark to plan for

the future developments of KDD on MDS in a VO environment.

1. DAME is just an example of what new ICT (Web 2.0) can do for A&A
KDD problems.

2. A new vision of the KDD App approach, suitable for VO must be based
on the minimization of data transfer and maximization of
interoperability within the VO community.

3. If implemented, the new scheme can reach a wider science
community by giving the opportunity to share data and apps worldwide,
without any particular infrastructure requirements (i.e. by using a
simple smartphone with a low-band connection).

DAME group is currently involved in the definition of standards and rules and is working to
modify and adapt the present infrastructure to become compliant with the VO.
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