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Introduction

e Surveys produce catalogs with intersections
In the covered area of the sky;

e Problem:

- Getting an integrated view provided by different
catalogs requires data cross-matching

- How to identify celestial objects that appear in
different catalogs with descriptive variations?
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Introduction

e Problem identified as "Entity Resolution”

— ldentify instances of objects from different
databases that match the same real world entity
e Alternatives for entity resolution in the “cross-
matching catalogs” problem:

— use the position of the objects in the sky
(coordinate system based on RA, DEC);

— use other attributes to help treating the
ambiguities.
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Big-Data (in science) Data Challen

e Data Representation
- Different Data Models:

e Data structure and query languages
e Graphs, Matrixes, Key-Value,...

e Data Uncertainty

-~ Data is uncertain

- uncertainty quantification on data
e Data Partitioning

— In sync with data processing

e Data Heterogeneity
— Data Granularity

Hoscar Workshop
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Fundamentals

Current solutions
 Binary cross-matching of catalogs

). ¢ * Catalog B

Search radius ¢ *

*

What can happen if | add a Catalog C to

do cross-matching with this result?



% Motivation

e Ambiguity
- Binary matching does not generate symmetric
results using more than 2 catalogs
- There are no solutions to n-way matching

- The best attribute which identifies the
astronomical objects is its position, but it isn’t
precise

e All these characteristics produce
ambiguities
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% NACIluster Algorithm

e NACIluster
- N-way Astronomical Clustering algorithm

— Non-supervised clustering algorithm for
matching multi catalogues

e Aim
— Split into clusters the celestial objects present

In N catalogues

e In each cluster there are only objects from different
catalogues and representing the same real object.

e [his contribution allows the improvement on

state of the art astronomy catalog matching.
11 Hoscar Workshop DEXL LABQ
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Input: Set of catalogues
e Catalog

e Set of tuples
<id, ra, dec>

e Output

12

e All clusters and their
objects and centroid;
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Absract—Astronomy surveys me powerful Instruments fo
browse the sky and identily objects of Inke rest within the surveyed
mglom. Sky objcls am Indb idually characierieed with spatial
coordinates, idenlifying (helr position In (he =iy, In addition o
olher descripthe attribules. Composing an indegrated view of the
sky bhed on catalogues produced by different saneys faces a
hard probem of malching objects thal hise been captured in
varbus aalalogues Duoe o varfations on capluning st rumenis
calibration, the sky position of a single sky object may vary from
o calalog 1o the other Moreower, In particular dense mgloms
of the sky this probkem Is exaerbated by a buxe number of
candidate matches for each ghiven object. Traditsonsd
for dealing with this problem wse a threshold distamce of ¢ o
mduce the number of malching candidaies. Additionally, they
ndopt a pairwise approach for malching n catalogwes Ink rring
transithvity amomga malches, which nol always hold. In this paper,
we pmeni NAOwskr a mied duskernng alzoriihm
for dealing with sky object maiching In multipk catsogoes
NACIuster maiching strategy exkends the traditomal k-means
dustering algorithm by relaxing (he number k of clusier (Le
muiched sky objkecls). W experiment NAClusker wilh real and
synihelic culmdogues and show (hal Ihe resulls pment betler
accurncy tham state of the art solullons.
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betwoen surveys. The algorithm selects maiches comsidering
the shorest distmae bhetween objects using a spatial radius
¢ defined by the wser However, when we want to compete
2 maching among e or more catalogues, a mos caneful
process met be applied, a5 one shall not comsider matching
tramsitively and the ordering with which catalogues a chosen
may produce different msults.

Match tramsitivity problem cocurs, for example, when given
three objects Oy, O and O, from diffexent catalogaes, the O3
maich with O and Oy, but Oy does not mach with Oy, Thus,
0, = 04, 0y ~ Oy, but O, # O, In this situation, -c-oukil
X pect tha O, Og « Oy

Few works in the literstus tackled cross-matching in
atromomical research domain. Particularly, in [1] some cross-
maiching algorithms for astronomic catalogues wes evaluated
In this work, Q3C Join algorithm |3] was chosea to be
evalused However, Q3C generaked some incommect matching
in the order of billions of false positves when using big
catalogues. This problem is due to matching strategy of Q3C,
which 1s ambiguity preserving. In fact, an ambiguity resolution
solution is required in this conlext, which motivated this work.

1. INTRODUCTION In this paper, we ptvpoel: th: NAClusser, 2 noa-supervised
In Py ol - 4 k. ! st eataloowee The aim
=t of celestial [jects
magnitude and n I only
or catzlogues. same
formatx, schem ' h state
distinct and ind
mea of the sk n -
Then, the sur bon 2,
the covered are| ::Z'ﬁ
in common in

. L
haw 2n miegrated view provided by different catalogues, it's
necessary Lo do the data cross-matching.

Current astronomy sarveys present important challenges
in the coss-matching arca, where the spatial position of
chipcts is very impontant The matching tries to identify sky
obpcs mgmd in different catalogues with slightly different
pmﬁﬂms representing the same real obpct, once there
sightly difierence in the object position captured by two
different elescopes. It can prodace ambiguity in the matching.
The cross-matching among catalogwes is wesally applied
peer-to-peer fashion, between two different catalogues, and
generates a single output catalog identifyimg common objects

as 2 companisom with the Q3C Joim algerithm [3]. Fanally,
section 4 concludes and presests the futum works.

I NACLUSTER: A NON-SUPERVISED CLUSTERING
ALGORITHM

The NACluster algorithm is short for the N-way Astro-
nomical Clustering algorithm, a non-supervised chasering
algorthm for matching multi catalogues. The dgorithm takes
as inpul n catalogues and produces a clustering composed of
k chxsiers. In definimg the matching criteria among objects, an
important mstriction is that 2l objects falling in a cluster shall
originally come from diffexent catalogues. Furthermore, cach



& Pseudocode

o Step 1

— Initialize Clusters

e The largest catalog is selected and one cluster is
created for each its object.

e The position of each object is taken as a cluster

centroid. .
® o ole) ©
o @) o '©
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: Pseudocode

o Step 1

— Initialize Clusters

e The largest catalog is selected and one cluster is
created for each its object.

e The position of each object is taken as a cluster
centroid.

e The idea of the algorithm is to compare each
object of each catalog to all computed cluster
centroids, one catalog at a time, by
computing the Euclidian distance d(Oi;Ca) of
an object Oi to a centroid Ca.
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% Pseudocode

e Stop condition

— After all objects have clustered
e New lteration

e Reset clusters
— Keeping the centroids positions

- Finish
e \When the centroids are stable, i.e. all the computed centroids
of an iteration are the same as the previous iteration.

e Complexity:
- Exponential complexity on the number of individual sky
elements (i.e. clusters).

- By using a spatial indexing strategy, the actual number
17  nRf.camparison is reduced to a local regiod)E XL LAB
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: Experiments

e Goal: To evaluate the quality of NACluster algorithm

e [est environment:

- 5 experiments

- Dataset -> Catalogs Involved:

e Dense part of 2MASS (90,000 objects)

e New catalogues generated by a normal distribution function
from 2MASS, simulating in this way real variations of the same

catalog.
No. of catalogues Precision Recall F-Measure
2 0.9750 0.9763 0.9757
3 0.9717 0.9727 0.9722
4 0.9654 0.9671 0.9662
5 0.9699 0.9713 0.9706
6 0.9734 0.9745 0.9739

1 8 Hoscar Workshop
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: Experiments

e [est environment:

— Catalogs Involved:
e UBVRI Catalog (49,167 Objects)
e against other 1 to 5 synthetic generated versions of it.

No. of catalogues Precision Recall F-Measure
2 0.9937  0.9938 0.9938
3 0.9944  0.9944 0.9941
4 0.9954  0.9960 0.9957
5 0.9932  0.9932 0.9926
6 0.9913 0.9914 0.9906
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: Future Works

e Parallel Strategy
- Data Partitioning (see Daniel Gaspar pres.)
- Spatial indexing strategy in order to reduce the
complexity.
e Big Data
- Catalogs — 1 Billion Objects

DEXL LAB
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& Comparasion with Q3C Join

e Q3C Join

o Binary Cross-matching

o Output: a catalog containing the matched
objects

e Comparasion

o Output of the Q3C Join execution with the
output of the clustering algorithm
NACIuster

o Input: the same two catalogues

Part of 2Mass catalog (1 million objects

and the synthetic catalog generated from it
22 Hoscar Workshop (1 million ObJeCtS) LDxéxM!—D I;AABB




& NACIluster vs. Q3C Join

Q3C

Q3C(radius 0.001 Q3C(radius 0.002
degree) degree)

DEXL LAB
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& NACIluster vs. Q3C Join

NAClustervs. Q3C

0,98
0,96
0,94
0,92

0,9
0,88
0,86
0,84
0,82

F-Measure

.

NACluster Q3C(radius 0.001 Q3C(radius 0.002
degree) degree)
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Precision, Recall and F-Measure

P 2 X Precisao x Abrangéncia

Precisao + Abrangéncia
DEXL LAB
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: Pseudocode

e \When d(Oi;Ca) < €, the object Oi is candidate to map
to cluster Ca.

- This mapping, however, can only be applied when that
distance is the shortest distance and there not exists

another object OQj in cluster Ca that has been mapped to the
same catalog of Oi.

26 DEXL LAB
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% Conclusion

e These preliminary results indicate that the
algorithm is effective in matching objects
from different catalogues.

e Now we are developping a parallel strategy
for NACluster algorithm using a spatial
iIndexing strategy in order to reduce the
complexity.
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% Pseudocode

e In case an object of Ca already exists in the

cluster, two scenarios must be evaluated:

e (1) if d(Oj ;Ca) > d(Oi;Ca) then we should remove the
object Oj from the cluster Ca, insert Oi in this cluster,
and search another cluster for Oj ;

e (2)if d(Qj ;Ca) < d(Oi;Ca) then the algorithm performs a
recursive search on the centroid candidate list for
allocating Oi.

e In case, no cluster is found at distance epsilon then a
new cluster Cb is created to the point Oi and it will be
the centroid.
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