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Recent past Now Near Future ?

Separated archives and data centers
(few TB)

Federated archives and data centers
(10 ς100 Tbyte)

No common standards (*.fits) Common standards (*.fits, *.vot, etc.)

Little bandwith (10/50 Kb s-1)

Few objects , few information
(parameter space ~ 10 features)

Larger bandwith (100-1000 Kb s-1)
(last mile problem)

Many objects , much information
(parameter space  > 100 features)

Single CPU processing Still single CPU processing GRID/Cloud computing

Largerbandwith (> 1-10 Gb s-1)

Common standards (*.fits, *.vot, etc.)

Virtual Observatory
(> 1 Pbyte)

Whole sky, multi-l, multi epoch catalogues
(parameter space  > 100 features)

Researchpraxis

Traditional statistics Multi variate statistics Statistical Pattern Recognition (DM and ML)

We know that DM, ML, AI are a musté

This is only a part of the game

(size and not complexity driven)



Most people who work in astronomical DM/AI are in this room.
They have implemented methods which are open to the community and have used them to produce 
science.

BUT
Little use ςfew citations
(number of citations increases if you avoid the terms AI, ML or DM in writing the paper)

DM refereed

VO refereed

DM all 

VO all
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Does the community know? 

Number of technical/algorithmic papers increases 

with new funding opportunities

Number of refereed papers remains constant



ML+AI ref

SPR ref.

NN ref

KD ref

ML+AI all

SPR all
NN all

KD all
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Most of the work remains at the implementation stage (computer Science and 

algorithm development) and does not enter the ñscience productionò stageé

Usage of terms is highly fashionable



Out of one thousand papers checked (galaxies, observational cosmology, survey) 

over the last two years: 

DM could be applied or involved in at least 30% of them

Algorithms

Restricted choice of algorithms (MLPs, SVM, Kernel methods, Genetic algoritms (few models), 
Y aŜŀƴǎΣ tt{Σ {ha Χύ

!ǎǘǊƻƴƻƳŜǊǎ ƪƴƻǿ ƭƛǘǘƭŜ ǎǘŀǘƛǎǘƛŎǎΣ ŦƻǊƎŜǘ ŀōƻǳǘ {twΣ 5aΣ ŜǘŎΧ

Just a few astronomers go beyond the introductory chapters of the Bishop.



Restricted choice of problems: the situation is not changed much in the last decade

Tagliaferriet al. 2003 Ball & Brunner2009 BoK

S/G separation S/G separation Y

Morphologicalclassificationof galaxies
(shapes, spectra)

Morphologicalclassificationof galaxies
(shapes, spectra)

Y

Spectralclassificationof stars Spectralclassificationof stars Y

Imagesegmentation -----

Noiseremoval
(grav. waves, pixel lensing, images)

-----

Photometricredshifts(galaxies) Photometricredshifts(galaxiesΣ v{hΩǎύ Y

Searchfor AGN Searchfor AGN and QSO Y

Variableobjects Timedomain

Partitionof photometricparameterspace
for specificgroupof objects

Partitionof photometricparameterspacefor
specificgroupof objects

Y

Planetarystudies(asteroids) Planetarystudies(asteroids) Y

Solaractivity Solaractivity Y

Interstellarmagneticfields ----

Stellar evolutionmodels ----



Limited number of problems due to limited number of reliable BoKs

Bases of knowledge
(set of well known templates for supervised (training) or unsupervised (labeling) methods

So far

Å Limitednumberof BoK(and of limited scope) available
Å Painstakingwork for eachapplication(es. spectroscopicredshiftsfor photometricredshiftstraining).
Å Fine tuningon specificdata setsneeded(e.g., if youadda band youneedto re-train the methods)

Community believes AI/DM methods are black boxes
¸ƻǳ ŦŜŜŘ ƛƴ ǎƻƳŜǘƘƛƴƎΣ ŀƴŘ ƻōǘŀƛƴ ǇŀǘǘŜǊǎΣ ǘǊŜƴŘǎΣ ƛΦŜΦ ƪƴƻǿƭŜŘƎŜΧΦ

Bases of knowledge need to be built automatically from Vobs Data repositories 



Exposed to a wide choice of algorithms to solve a problem, the r.m.s. astronomer usually panics and is 
ƴƻǘ ǿƛƭƭƛƴƎ ǘƻ ƳŀƪŜ ŀƴ ŜŦŦƻǊǘ ǘƻ ƭŜŀǊƴ ǘƘŜƳ ΧΦ

M. N

M. 1

M. 2

ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ

Formation of a new 
generation of experts
όΧΧ ǎǳƎƎŜǎǘƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴǎύ

AND/ORImplementation of a second 
generation of tools

The r.m.sastronomerdoesnΩǘ want to becomea computer scientistor a mathematician
(largesurveyprojectsovercomethe problem)

Toolsmust run without knowledgeof GRID/Cloudno personal certificates, no deepunderstandingof the DM tool etc. )



Data (storage)

Models & Algorithms
BoK

Application

Transparent computing 
Infrastructure (GRID, 
CLOUD, etc.)

A break-down of an effective DM process

Semantic construction of BoKs

DM 
engine

resultsCatalogs and metadata knowledge



Functionality Taxonomy




