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Abstract

Since the 70s astronomy has been at the forefront of data gathering, archivirgharidg

information electronically. In modern observational astronomy data is collected at large rates and
sky surveys are commonly storing petabytes of data.

Whena user wishes to query these large sky surveys they first want to know whether the sky survey
has any information that they wan&econdly, they want to know specific information about the
data in the sky survey.

This dissertation is based on answerihg two problems of efficient and accurate searchihgere

are two core parts of the projecthe XML approach discovers a method to make the spatial
coverage of a sky survey available through the Virtual Observatory Registry and analyses whether
this appoach is feasible with millions of imag@$ie SQL approach is again split into two parte

first part is focused on the accuracy of the queries proposed and the speed they fitheatecond

half of the SQL approach involves implementing Hierarchi@dular Mesh on the database and
attempts to improve the efficiency of searching overall.
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1. Introduction

In astronomy there is a wealth of information gathetbet far surpasses the data on the known

web. The data gthered consists of two maicomponents, the location and thedlectromagnetic

spectrumband Locationsare recorded in RA (right ascension) &et(declination)which is the

SlidzA @t Syl 2F t2y3AddzRS F yR f | ThesdivwdzeoBporeyits G KS 9 I NI
combined produce a complex scientific problem for reduction and extraction of data.

Astronomers mostly form queriemn astronomical databasebat contain a spatial constrainthe

subset of data that contains the spatial coverage or spedlaiancesreferredto as footprints.

Mostqueriesi I { S GKS FT2N¥Y 2F ao6KIG Ad (KS sKBENRIFSBYR?2
are RA and DEC valughe query returns an empty data set it could meare oftwo things:

i. The database quezd does not cover that region of the sky.
i.  The database does cover that region of the sky but there is no source at that location.

To the astronomer the two cas are fundamentally differenCase (ii) could contain eful

astrophysical informatior-or example, in the database in that region there is ara}{ source and

the query asked for a radio souranullresult set could indicate that the source emits a weak radio

sourceg giving the astronomer useful informatiom case (i), no assumptions canrhade about

the properties of the source because the region of the sky is not covered in the dat&basethe
FAGNRY2YSNRAa SYLXie 1ljdzSNE NBadzZ &6 aSidz AdG Aa yz2i0
computational power.

The aim of this projeds to build a single systemithin the context of the Virtual ObservatofyO)
that answers two questions:

1. Is it worth executing a query on the database for data within radius of x, y (RA, DEC)
2. ls there data covering this position?

Problem 1 isn eficiency problem and approximate answers are acceptable. Problem 2 is a scientific
problem and therefore only exact answers are acceptable, which are computationally expensive and
complex.To add to the problems, astronomers cannot be assumed to be comgpcitemtists so the
workings of the solution must be invisible to the user.

I begin this dissertation by covering the background knowledge required to understand the methods
deployed in the implementation and why they were us&te work plan is the desigection and

covers the technical aspects of the proposed methddie work plan finishes with the planned

schedule Theimplementation begins with the XML approach and finishes with the tesfiige SQL
implementation begins by first producing the accuratyorithms, then implementing the HTM

schema, with testing after each phas22 NJ S| OK aSOGA2y LQ@S AyOf dzRSR |
with future work where relevant. The final sectiooversthe self evaluation of my own

performance.
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2. Background

In modern day astronomy, the recording of astrononayalis carried out by using large powerful
telescopes from high vantage poirttsat generat large amounts of datal heamounts of data
generated by some sky survey organisations reach int@étabytes. To place this into perspective,
the web is thoughto only hold appraimately 200 terabytes of datd hese large amounts of data
figuresrepresent how important the efficiency of searching is in these sky surveys.

Observational astronomig not only divided by regions of the sky but also by the obsemrgidn of

the electromagnetic spectrunData is collected in the different bands of the electromagnetic
spectrumand there are observatories built specifically for each spectriiva Very Large Array in

New Mexico (figure Inecords radio data and the HulebEpace Telescopa space based
observatory(figure )NBE O2 NR& (KS o6l yR& (KIFG G KsSchat/\WX KQa
rays and gamma raysJomesky surveys cover just one band of the electromagrs@ctrum, such

& ' YL5{{ = &6&echebakon hedh i Ti KISNE B B2 In &his sodai Bk ey ibis
very simple to search in terms of spectrums because there is only one but the Virtual Observatory
consists of all the spectrums asdmemapped in the same locatioiherefore, araccurate method

of detecting data covering a positionastrophysicallynteresting.

Figurel: Very Large Array and the Hubble Space Telescope
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2.1. WFCAM Science Archive

The WFCAM (Wide Field Camera) Science Archive (WAjyarontent originatedrom the United

Kingdom InfraRed Telescope (UKIRAfraredDeep Sky Surveys (UKH) Large Area Survey,

Galactic Plane Survey, Galactic Clusters Survey, Deep Extragalactic Survey and the Ultra Deep Survey.

Mapping the sky on tge scales takes several years to accomplish, for example the Large Area
Survey (LAS) has a 7 year plan until complefibe. WSA consists of a series of database releases
that are built up over several years and grow with each relefiggire3 shows theLAS coverage in
2008, the red areas are the covered areas and the grey zones are the areas to be sktasictshr
from figure3 and4 that there are several holes both small and latigat affectsthe coverage of
data.The gaps in information can causeveral problems, the main one being that a user does not
know if there is nothing at a certain point or if the afeas not beercovered yet by the surveyhe
filters such as Y, H, K and J_1 are astronomical bands that feature different wave, |leegtief
these bandsre covered in the LAS.

A typical image will contain four images taken from the WFCAM detedtosA & WA Yl I3SQ Ay
known as a multiframe and is stored on disk as a rexitension FITS (MEF) fiach FITS file

contains descrifion of astronomical coordinates systems in its image head#rerwise known as

the World Coordinate System (WCEach multiframe has a unique id number known as a
multiframeidand each detector in a multiframe has an extension known as an extnum (nachBer

5). The extension number and multiframeid combined create a unique identifier for each science
detector frame.

Multiframe
table

MultiframeDetector
table records in tables linked

via multiFramelID number

. . | N—TT— and extension number
‘\ "

Multiframe CurrentAstrometry

stored on disk as MEF file(s) \ table

Figure2: Schematic diagram of a multiframéource:http://surveys.roe.ac.uk/wsa/dboverview.html)

The Multiframetable contains data that is applicable to the multiframe as a whiile
MultiframeDetector table contains information about each individual fra@etrentAstrometry
contains detaild information of the current astrometricalibrationcoefficients WC$such as the
distortion of the lens and the current centre point of the Multifranf@r each detector in a
multiframe there is a corresponding row in the MultiframeDetector and CurrentAstrometry tables.
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LAS survey — Y J_1 H K filters
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Figure3: DR4plus Data Redased 4, July 1st 20q&ource: [13])

LAS survey — ¥V J_1 H K filters
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Figure4: DR5plus Data Released 5, April 6th 20@Source: [13])
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2.2. Virtual Observatory

The concept of the VO is that the astronomical data retrieved across the world shoattésdle

in a transparent mannesimilar to the World Wide Web, which makes documents feel like they are
linked in a single systemil K S  dza S NJAsitheM lar® icoreya&trénomical datasets coming
online every year there is a requirement to standardise tlag Whey are stored and used so they
become useful to all user$he standardisation will assist new software applications to understand
the data it comes across and allow for xslevelopment.

As mentioned previously, some sky surveys are gathering y@alof data and this creates two
bottlenecks searching through 1TB of data can take up to a day and transferring 1TB of data can
take up to a weekThe VO uses data services, provided by expert centres and the users themselves
to find the services theyequire ¢ therefore they only have to download the results and not all of

the data.

The importance of standardisationvial to the success of the VQtandard internetechnologies

such as TCP/IP, Java, XML, SOAP and REST makes the integrationgbi#egdroen different

organisations feasiblgl]. However, the content of the databases must also conform to a standard

for rapid software developmenihese standards are quite specific and are not just about data

formats but also the meanings of columhs/ | G 6t S A ®Sd 4IKIOWD, sRe&r8a da+al l
projects began to work on these standards and formed into a body called the International Virtual
Observatory Alliance (IVOA) [1].

The VO uses the idea of a resource as almost any sort of applicgafasjtory of information, a
guery-able databasgor something you invoke with specified parameters &ttese resources are

G I R @S N@Eing deSprofocols that are set by the IVOAe VO Registry takes the form of a
GesStt2g LI ASaé¢ eRrothd soliviamdBse id find iesowrdeLandf to understand their
purposesThere are several VO registries across the world and they share data with each other to
stay up to datein a process known as harvesting [4]

Tabular data in the VO uses an XMifat and are calle¥OTables; structures of VOTables are
defined by the IVOA [14]. VOTables were designed with particular emphasis on astronomical
tables.Figure 5 expresses a typical data model of a VOTahlereit is clear how the VOTable
models aypical table in a database.
_ hierarchy of Metadata + associated TableData, arranged as a set of
~ Tables
Metadata = Parameters + Infos + Descriptions + Links + Fields + Groups
Table = list of Fields + TableData
TableData = stream of Rows
Row = list of Cells

VOTable

Primitive
Cell = orvariable-length list of Primitives
or multidimensional array of Primitives
Primitive = integer, character, float, floatComplex, etc

Figureb: Typical data model of VOTable. (Source: [14])

10| Page



2.3 Spatial Indexing Scheme

Spatial indexing schemes are used in celestial catalogues because of the search efficiency they offer
One does nowant to query such large datasets for specific RA and DEC yvsduteese schemes

were introduced to provide fast estimates for data minifig obtain the required data to solve the
problems defined above, a scheme for pixelisation on the celestial spb&ieeded. The scheme

must be hierarchical for efficiency, where hierarchical means the model is organised inliadree
structure. Due to the large amounts of data involved there have been two popular approaches in
astronomy; Hierarchical Triangular Bte(HTM) and Hierarchical Equal Area isoLatitude Pixelisation
(Healpix).

2.3.1 Hierarchical Triangular Mesh
The HTM algorithm concept is described in Kunszt et al [5]. The scheme begins by projecting

octahedrons onto a sphere, starting with 8 triangul@&r8 SO a NBFSNNBR (G2 & d&iNJ
points of the sphere are mapped. Each trixel is then subdivided into four smaller ones by using the
midpoints of the sides as extra vertices. The procedure is repeated until we reach the desired

number of accuacy. Figure 2 shows how the sphere looks after each recursive step starting from

level one with 8 trixels to level 5 which has 8192 trixels. Figure 3 shows the naming convention of a

HTM, each triangle inherits its parents name and appends the humbeedfigmgle to its name in a

counter clockwise manner.

HTM software is well developed and documented by the SDS®4Sky team [9] and integrates

well with SQL Servday allowing cafito their functions(in C#)ia SQL commandalthough there

are some dawbacks to HTM, the techniquesedto subdivide the sphere is recursive and with each
level of recursion the triangles are only roughly the same, therefore losing accuracy in the data. Due
G2 1 ¢aQa NBOdzNE A @ Sverghodi theN& urserleveld Tis cadbavark 6 £ S
computationally expensive and it would b#fitult to step back a level.
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Figure6: The HTM recursively decomposes a sphere. (Source: [8])

Vo

Figure7: The naming cowention of a HTM(Source: [8])

Figure8: Orthographic view of the Healpix partition of the sphere. (Source: [7])

12| Page



2.3.2 Hierarchical Equal Area isolLatitude Pixelisation
Healpix starts by subdividing the sphere into 12 equabmesgjiwith centres osoLatituderings

(hence the name). Figure 4 shows how the grid is hierarchically subdivided into equal area pixels,
moving clockwise starting from top left; the resolution parameter is denoted ag=NL, 2, 4, 8 and

to calculate he corresponding number of pixels¥ 12 x N = 12, 48, 192, 768. Each pixel
centres lisson lines of constant latitude. In each panel the areas of all pixels are identical.

There are two variations of pixel indexing discussed in [7]. The ftrst isng scheme, which

numbers the pixels by starting from the North Pole and moving down to the South Pole along each
isoLatitudering. The second scheme is the nested scheme, where pixel indexing is carried out in a
nested tree fashion.

The obvious advaage of Healpix is the accuracy it offers, the operations are exact. There is also no
recursion so it can be fully implemented in SQInd therefore portable to multiple RDBMS. There

are drawbacks such as the algorithmisichare quite complexand vary @pending on the position

of the trixel on the sphere, see figure 6.

North polar cap.— For py = (p + 1)/2, the ring index 1 <
i < Ngge» and the pixel-in-ring index 1 < j < 4i, where

121( Ph — 1([)11))+1 (2)
i=p+1-=2i-1), (3)

I'Z
gyl = 4
3NGae =
. WF. 8 T .
0—5(1—5). and s=1. (5)

North equatorial belt—Forp’ = p — 2Ngge(Nsige — 1), Nside <
i < 2Nige, and 1 <j < 4Ni4e, Where

i = I(p'/4 Nside) + Niside, (6)

e (1)’mod4 Nsige) + 1, (7)
4 2i ‘

P (8)

2 2 ?
3 3 Nside

el (/—2) and s = (i — Nege + Dmod 2,  (9)

2 side

Figure9: Equations to calculate a pixel centre on the northern hemisphere. (Source: [7])
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2.4. Summary

In astronomy there are large amounts of data that ne¢d be shared in some standardised way,

the IVOA allows this and the VO is working towards integrating various data to allow astronomers to
access the sky surveys in a transparent way.

For this project to be successful the development must follow the ISt@#dards and protocols to
allow the system to fully function with the current and future versions of the W@ould be wise to
use the data from the LAS as this is the largest survey in the WSA and also it is reslajeitag for
realistic tests

There are two popular spatial indexing schemes in data mining techniques on celestial spheres.
There are advantages and disadvantages of using matiod but there is a lot more support and
software available for HTMompared to HealpixT herefore | have ecided to just use HTMIF the
remainder of the project paired with SQL Server due toitiegration of the two
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3. Work plan

There are two appealing solutions to address these two problems:

i.  Toinclude footprint informdbn in the XMldocuments whicthold the metadata about the
database in the VO Registig.essence, this is an extension to the VOResource schema.

i. To add a set of new tables to each database, which holds the coverage information and
define a standard query to obtain theformation from these new tables.

The goal of this project is to attempt theveloptwo (separate) single systertizat cover these
solutions ando comparethe efficiency and accuracy of each system.

Both solutions require the use of thieegionspecificaton of thelVOA Spac&ime Coordinate
Metadata for the Virtual Observatofg]. The STC provides the standard definitions for region types
(AllSky, Circle, Ellipse, Polygon, etc) and operations (Intersection, Unison, Negation, Difference),
providing all tke necessary functions required for describing the sky and its regions.

In terms of an individual image requested, it is easy to find the bounding box (min RA, max RA, min
DEC, max DEC), lhiuis difficult to obtain the exact answer because of the wayfdats are

detectedvia WFCANMLe. they can be orientated at arangle and they are distortedoRunately,

these distortions are in the CurrentAstrometry table as defined previousthe WSAsection

Therefore, | will need a function to collect acderanswers that compare the point of interest to

the astrometric value$i.e. WC$featured inCurrentAstrometry{13].

The interface to the data should be transparémthe userfor simplicity.The standard approach to
accessing a VO service is to prevéh interface through a web browser or through the VODesktop
application provided by AstroGrid [4[he web browser approadh limited to initial design and
therefore is not extendablelhe VODesktop software ruAstroGrid Runtime [4jvhich is

middlewae that allows calls to VO services (such as this VORe$dumgeany programming
language, lus allowing users to build their own unigue scripts to query the database and
manipulate dataThis is very useful in the XML approach, where specific scriptequired to

extract data, as opposed to using a standard approach such as SQL.

The data itself comes from the WEIB], which offers a freeform SQL access page where acaser
submit queries to the WStables.Mike Readrovided the query in figure hat extracsthe

coverage of the LAS in thebdnd. The lasMergelLog table is used to constrain the query to just
science frames and the other tables were described previolghen executed against the latest
UKIDSS release (UKIDSSDRS5), the query repproxanately 31, 000 detectors. Each detector has
a unique ID formed from the multiframeid and extnum paired with its minimum RA/Dec values.

Since it is common for different bands to overlap in RA/Dec values, there is only a need to test in one
astronomicdbandbecausehe project is based on the coverage of large amounts of theagkiythe
overlapping RA/Dec values do not provide extra coverage as such.
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SELECT m.multiframeid,ca.extnum, minra, maxra, mindec, maxdec
FROM

multiframe AS m,

multiframedetector AS mfd,

lasMergeLog AS ml,

currentAstrometry AS ca

WHERE

ml.ymfid=ca.multiframeID /* j Imfid hmfid kmfid */
and ml.yenum=ca.extnum /* j lenum henum kenum */
and mfd.multiframeid=ca.multiframeid

=nd mfd.extnum=ca.extnum

and m.multiframeid=ca.multiframeid

and m.multiframeid > 0

FigurelO: UKIDSS quero pull out the coverage of the LAS in thebdénd, the commented sections are swappable with
the Y values to extract different bands.

3.1. XML Approach

¢tKS ARSF Ay GKS FANRG &a2fdziAzy A adaandZanSdniiNg OG | £ f
into an XML document that compliesd the IVOA XML Bemaslocated at [1] My assumptions are

that converting the images into XML entriedl suffer from the limitations of the IVOA schemas as

they were not designed to describe sky coverage exclusively and data will be lost in the process of
converting theimages into XML valid documenihe process of producing XML documents that

cover several thousands of images is likely to be a lengthy pra@assying an XML document is

also inefficient as items further down the XML document are likely to take Idogextract.

The XML document is referred to a¥@Resourcebject[1] andconsequently isiploaded to an
AstroGridRegistry creating araccessiblé&/O ServiceThe user is then able to discover and query the
registry by using a Python script running otrdGrid Runtime.

LF GKS RIFGF OFyQdG o6S 1jdzSNASR Ay | aSyaiaoftsS gle
a2t 9SS GUKS LINRBoftSY® LF Ad OFy 3AAGS || NBFaz2yFotS N
monitor how performance degradegith additionaldata. This approach is similar to building an XML

database, which is not well known for their ability to handle large amounts of data. They are used

mainly because they are quick to create and very mobile. If the approach does manageli® han

large amounts of metadata then a large registry could be developed quickly and easily.

3.2. Database approach

Atypicalrelational datdbase management system (RDBMS) doesuafieras suchwith scalability

but this approach is a lot more compleie database must be quedble in terms of the STC

regions defined in [3]t must be able to provide the approximate (fast) and exXacturate) results

to queries.Although RDBMS are designed to manage large quantities of data efficiently, even a table
with millions of entries can result in slow queries.

Most VOResource applications are developed in Java due to its independent pledipaiility.

Java Database Connectivity (JDBC)iglaih API for Java that allows a clienttmnect toa database
and subsequently perform SQL queries against the database throughMagha RDBMS provide a
JDBC jar that allows a user to connect to their database viadgsgtated previously, the LAS survey
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is incomplete and therefore testing against the current LAS gus/aot a real model of scalability as
it is bound togrow as more images are takeBince Java @oope friendly, it is possible to create a
large model of a sky survey that has similar attributes to the(lwit® randomised RA and Dec
values)for testing purposes.

To obtain the accurate estimate in the database approach should be much easier than in XML as the
whole of the CurrentAstrometry table is available so the values to calculate the distortions (from the
WCS) are accessible and can be done withe daabase. The question,isit possible to execute

the accuratequery within a reasonable time?

3.2.1. Using HTM
The database approach does not suffer from the XML Schema restraints and therefore allows a lot of

flexibility into how much and whatwuld be storedThis makes it a lot easier to create a dataset
that will allow a user to find the accurate answers to a query as well as finding an estimate in the
same database.

When using HTM, the exact points of the detectors are lost and the accof#oy data is

dependent on the trixel levellhe higher the number of trixels (i.e. the resolutiom)tbe sphere
200A2dzat e NBadzZ (a AaemdreSeatdes ddd thereforaffedtiagihé spaedzi (1 K S NB
gueries.For the estimation techniquall the user is interested in is whether there exists a source in

the locationof the query.

Figure 11 shows the set up of the tables for the estimation part of the database appEsaiihbar
represents an image and each image has a central RA/Decthiatus used to calculate the HtmID.

The HtmID can be converted into a string representation that conforms to the HTM naming schema
presented in Figure From theHTMnaming convention it is explicit that the children inherit the
parents name and has ilgcation in the trixel appended on the en@8y comparing the names of the
previous image it is possible to determine if there exists all four (0, 1, 2, 3) trixels that belong to one
parent. If this holds true the parent is stored into the next table hiis tase Level-l, thus saving
storage data without losing accuracy.

Level N -2 Level N -1 Level N

Figurell: N Trixel levelthe red values in level N are the children of the red row in LevellNsince there is no more
data left in Level NL, Level N2 will be empty.
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For example, in Level N the data values are shown below, where A, B, C and D are dififiitrany
values.

HtmID minRA maxRA minDec maxDec
1000 A B C D
1001 A B C D
1002 A B C D
1003 A B C D
2101 A B C D
2102 A B C D

Tablel: Example level N table

Thevalues in the HtmID column in string representation aseshown below:

String representation
N3220

N3221

N322

N3223

S00311

S00311

Table2: Table 1's HtmID column converted string form

The N and S characters simply represent whether the trixel is in the northern or southern

hemisphere of the spherdé:rom the first four rows the string is exact apart from the last character,

since the four children exist (the 0, 1, 2, 3 eqadues) in this tablehen we can enter N322 into the

LI NBy i Gl-aée@&SaNESFSA YRy I G f dzSa ANBind) thbldSo/ RSR (12
data is not lost.

3.3. Summary
The general theory is that the XML approach will suffer from scalaissityes and the time taken to
guery the full XML document will grow very quickly and therefore will not be a feasible solution.

The database approach allows for a lot of additional data that is required to obtain the accurate
estimates of whether a pointcually lies within the imagé&lhe HTM approach will offer a fast
method of querying for estimates in the database that will not suffer from more data but in fact
could well benefit from additional data by merging more trixels into their parents.

18| Page



4. Risk Management

Like any project there are several risk factonglved during the development stagdhere are
several models used in software engineering that represent the flow of the lifecycle of a project,
most are loosely based on the waterfall de where one simply steps through the phases one by
one.However, | prefer to follow the Extreme Programming (XP) paradigm.

4.1. Extreme Programming

XP is a form of agile softwadevelopmentithese methodologies promote an iterative approach to
problemsasdenoted in figurel2. XP was developed in a business environment so some of the
Tl OG2NR &gl OeelopeFsdicB &3 bwnership, releasing projects on a regular basis for
customer(the customer can bergy user of the systemfeedback and teameledbackbut a lot of

them do apply such as:

9 Testing is vital for the success of the code and for sanity reasoBath. function should be
tested against uncertainty by using unit testdie programmer must write tests that they
think will break the codand run these tests against the functiorhere are also acceptance
tests based on the requirements given by the customer during the release planning phase.

9 Listening to the customer helps the programmer understand the project. This might sound

silybut®S LINPINIF YYSNI Ydzad afAadSyé¢ (G2 oKIFG GKS

problem the customer has.

1 Byproducing a core design (that allows for flexibility and extensions) the programmer can
avoid facing unforeseen complexitids.a team environmenthe design must also be
understandable to other members so using a standadtielling languagsuch as UML for
the design helps.

1 Keep the design as simple as possible and add in the extra functionalityHateising on
today instead of the future savepending resources on something that might not be
needed.

One major difference between XP and UML is that there are no use casedseXfases require
(some) industry knowledge to understand what the diagrams and labels risan stories are
short, usually a sentendeng, whichstates a user requirement.his makes it easier for the
customer to understand and easier on the programmer to not get bogged down in drawing
diagrams.
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Figurel2: Model of the XP paradigm

4.2. Customer feedback

The main customer of this project is the supervjggiven the XP approach to the project, regular
communication with the supervisor is essehfiar succesddeally, visiting my supeisor once every

week shouldsuffice to discuss the progress of the project with extended meetings every fortnight

showing him my progreskuckily there are also two other staff members who can assist me with

the project if my supervisor is away for any duration in the sumrberefore, | cannot see any

problems with meeting up with some form of (backup) supervis@ RA & Odzaa G KS LINR 2SC
or for guidanceThere is also a disadvantage to having 3 supewisothat they might want

different things from the project and the project might be larger than first envisioned to satisfy all 3
supervisors

4.3. Project Schedule

Figurel3 holds the two Gantt charts representing the projects schegdilie figures of tie Gantt

chart are also represented in a table in the appendhe first Gantt chart shows the first part of the
project that involves the development schedule of the first solution that involved an XML solution

The plan isto finish the project by August theé"4f things go perfectly welHowever, do expect to

approach several problems that might extend this deadline and also if the XML solution bodes well

then there is time at the end of the project to turn it into something useabl®@ @S | f a2 y24 Ay
the bounding box solutions as | plan to this at the end once | can obtain an approximate answer

from queriesL Q@S dzaSR C2dzZNASNJ NI yaF2N¥a o0STF2NB FT2NJ g2
that the solution will only take at most a week to discover.

The first half of the project is fdy trivial as | have experience in each approach and already have
reusable code to perform the metadata extraction and transform it into XMiil go through each
step of the project in the Gantt chart.

1. I first need to obtain and install the UKIDSS iesaigto somealatabasethis benefits thdatter
part of theproject so it is worthwhile to do it at the stasb | do not get held up later on and also
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