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TAP/ADQL

T(able) A(ccess) P(rotocol)

A(stronomical) D(ata) Q(uery) L(anguage)

Open a browser on http://docs.g-vo.org/adql for lecture notes.
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http://docs.g-vo.org/adql


Data Intensive Science

Data-intensive science means:

1. Using many data collections

2. Using large data collections

Point (1) requires standard formats and access protocols to the

data, point (2) means moving the data to your box and operating

on it with FORTRAN and grep becomes infeasible.

The Virtual Observatory (VO) in general is about solving problem

(1), TAP/ADQL in particular about (2).
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A First Query

To follow the examples, start TOPCAT and select TAP in the VO

menu.

At Keywords, type gavo. Wait until the results are filtered and

select the entry GAVO DC TAP. Then click Use Service.

In the query pane, enter:

SELECT TOP 1 1+1 AS result FROM ivoa.obscore

and then click “Ok”.

You can also use TAP from Python. A lot more on this later. If you

are curious now, see an ipython notebook explaining the basics.
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{
 "cells": [
  {
   "cell_type": "markdown",
   "id": "compatible-thickness",
   "metadata": {},
   "source": [
    "This notebook briefly introduces you into doing TAP/ADQL queries interactively using the pyVO package (on Debian-derived systems, do ``apt install python3-pyvo``; otherwise, see http://pypi.org/project/pyvo).\n",
    "\n",
    "Note that for this sort of interactive use, most people prefer TOPCAT (Debian: topcat; otherwise http://www.star.bris.ac.uk/~mbt/topcat)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "inner-highway",
   "metadata": {},
   "outputs": [],
   "source": [
    "import pyvo\n",
    "# Also, shut up a few overzealous warnings\n",
    "import warnings\n",
    "warnings.filterwarnings('ignore', module=\"astropy.io.votable.*\")\n",
    "warnings.filterwarnings('ignore', module=\"pyvo.utils.xml.elements\")"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "intensive-performance",
   "metadata": {},
   "source": [
    "You typcially first have to discover a TAP service, perhaps based on names (blind discovery, finding tables by topic or coverage, is left as an exercise to the reader; see https://pyvo.readthedocs.io/en/latest/registry for inspration)."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "demonstrated-groove",
   "metadata": {},
   "outputs": [],
   "source": [
    "svcs = pyvo.registry.search(servicetype=\"tap\", keywords=\"rave\")"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "floral-translator",
   "metadata": {},
   "source": [
    "You can now browse the various services matching your constraints."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "dynamic-solomon",
   "metadata": {},
   "outputs": [],
   "source": [
    "svcs.to_table().show_in_notebook()"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "assigned-activation",
   "metadata": {},
   "source": [
    "Pick one of them by index of short name:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "tested-button",
   "metadata": {},
   "outputs": [],
   "source": [
    "svc = svcs[\"GAVO DC TAP\"].get_service()"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "convertible-training",
   "metadata": {},
   "source": [
    "Equivalently, if you have the TAP access URL right away, you can directly construct a TAP service like this:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "prompt-camera",
   "metadata": {},
   "outputs": [],
   "source": [
    "svc = pyvo.dal.TAPService(\"http://dc.g-vo.org/tap\")"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "executive-button",
   "metadata": {},
   "source": [
    "Once you have such a service, you can see what tables are on it:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "adaptive-balloon",
   "metadata": {},
   "outputs": [],
   "source": [
    "svc.tables.describe()"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "expensive-skirt",
   "metadata": {},
   "source": [
    "...and then inspect the columns of each table:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "desperate-peninsula",
   "metadata": {},
   "outputs": [],
   "source": [
    "svc.tables[\"rave.main\"].columns[:10]"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "greatest-nature",
   "metadata": {},
   "source": [
    "Based on this, you can now run your queries:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "included-trading",
   "metadata": {},
   "outputs": [],
   "source": [
    "res = svc.run_sync(\"SELECT TOP 5 raveid, raj2000, dej2000, rv FROM rave.main\")"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "junior-purple",
   "metadata": {},
   "source": [
    "The results's to_table method returns a normal astropy table:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "decimal-soldier",
   "metadata": {},
   "outputs": [],
   "source": [
    "res.to_table().show_in_notebook()"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "stylish-virgin",
   "metadata": {},
   "source": [
    "For longer-running jobs, you can also run async jobs:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "educational-light",
   "metadata": {},
   "outputs": [],
   "source": [
    "svc.run_async(\"SELECT TOP 5 raveid, raj2000, dej2000, rv FROM rave.main\"\n",
    "            ).to_table().show_in_notebook()"
   ]
  },
  {
   "cell_type": "markdown",
   "id": "precious-rotation",
   "metadata": {},
   "source": [
    "Finally, the examples you see in TOPCAT are also available in pyVO, although for browsing you will probably want to go to the service's examples endpoint:"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "affiliated-particle",
   "metadata": {},
   "outputs": [],
   "source": [
    "import webbrowser, pprint\n",
    "webbrowser.open(svc.baseurl+\"/examples\")\n",
    "pprint.pprint(svc.examples[:3])"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "dynamic-spice",
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.9.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 5
}




Why SQL?

The SELECT statement is written in ADQL, a dialect of SQL

(“sequel”). Such queries make up quite a bit of the science within

the VO.

SQL has been chosen as a base because

• Solid theory behind it (relational algebra)

• Lots of high-quality engines available

• Not Turing-complete, i.e., automated reasoning on

“programs” is not very hard

5



Relational Algebra

At the basis of relational data bases is the relational algebra, an

algebra on sets of tuples (“relations”) plus six operators:

• unary select

• unary project

• unary rename

• binary cartesian product

• binary union

• binary set difference

Good News: You don’t need to know any of this.
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SELECT for real

ADQL defines only one statement, the SELECT statement, which

lets you write down expressions of relational algebra. Roughly, it

looks like this:

SELECT [TOP setLimit] selectList FROM fromClause

[WHERE conditions] [GROUP BY columns] [ORDER BY columns]
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TOP

setLimit: an integer giving how many rows you want returned.

SELECT TOP 5 * FROM rave.main

SELECT TOP 10 * FROM rave.main
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SELECT: ORDER BY

ORDER BY takes columns: a list of column names (or expressions),

and you can add ASC (the default) or DESC (descending order):

SELECT TOP 5 *

FROM rave.main

ORDER BY rv

SELECT TOP 5 *

FROM rave.main

ORDER BY rv DESC

SELECT TOP 5 *

FROM rave.main

ORDER BY fiber number, rv

Note that SELECT * (pulling all columns) is usually wasteful and you

should do better from the next slide on.

Also note that ordering is outside of the relational model.
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SELECT: what?

The select list has column names or expressions involving columns.

SQL expressions are not very different from those of other

programming languages.

SELECT TOP 10

POWER(10, phot_g_mean_mag) AS rel_flux,

SQRT(POWER(ra_error, 2)+POWER(dec_error, 2)) AS errTot

FROM gaia.dr3lite

Use COUNT(*) to figure out how many items there are.

SELECT count(*) AS numEntries FROM rave.main

10



SELECT: WHERE clause

Behind the WHERE is a logical expression; these are similar to

other languages as well, with boolean operators AND, OR, and NOT.

To find bright stars (apparently) moving quickly towards or from

us:

SELECT raveid FROM rave.main

WHERE

jmag<10

AND ABS(rv)>100
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Missing Data: NULLs

SQL has an explicit concept of missing data: The magic value

NULL. It has some interesting properties:

SELECT count(*) FROM tap_schema.tables WHERE NULL=NULL

returns 0. So does

SELECT count(*) FROM tap_schema.tables WHERE NULL!=NULL

All comparisons with NULLs are false.

To select rows for which a given piece of data is or is not NULL

use the special construct IS (NOT) NULL.
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SELECT: Grouping

For histogram-like functionality, you can compute factor sets, i.e.,

subsets that have identical values for one or more columns, and

you can compute aggregate functions for them.

SELECT

COUNT(*) AS n,

ROUND(mv) AS bin,

AVG(color) AS colav

FROM dmubin.main

GROUP BY bin

ORDER BY bin

To just figure out the domain of columns, there is a shortcut:

DISTINCT.
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SELECT: Grouping by HEALPix

If you want to characterise some property over the sky, HEALPixes

are your friend.

SELECT ivo_healpix_index(5, raj2000, dej2000) AS bin,

COUNT(*) AS n,

AVG(rv) AS meanrv,

MAX(rv)-avg(rv) AS updev,

AVG(rv)-min(rv) AS lowdev

FROM rave.main

WHERE e_rv<20

GROUP BY bin

HAVING COUNT(*)>5
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ADQL User Defined Functions

ivo_healpix_index is an example of an ADQL extension

mechanism: Operators can add UDFs.

See TOPCAT’s ADQL TAP for the UDFs available on a service:
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SELECT: JOIN USING

The brainiest point in ADQL is the FROM clause. So far, we had a

single table. Things get interesting when you add more tables:

JOIN.

SELECT TOP 10 lat, long, flux

FROM lightmeter.measurements

JOIN lightmeter.stations

USING (stationid)
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JOINing is Selecting from the Cartesian Product

JOIN is a combination of

cartesian product and a select.

measurements JOIN stations

USING (stationid)

yields the cartesian product of

the measurement and stations

tables but only retains the rows

in which the stationid columns in

both tables agree.

A = {(a, 1), (b, 2), (b, 3)}
B = {(1, u), (2, v)}
A× B =

(a, 1, 1, u)

(a, 1, 2, v)

(b, 2, 1, u)

(b, 2, 2, v)

(b, 3, 1, u)

(b, 3, 2, v)
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SELECT: JOIN ON

If your join criteria are more complex than simple equality, you can

join ON.

SELECT dateobs as lswdate, t min as appdate

FROM lsw.plates AS a

LEFT OUTER JOIN applause.main AS b

ON (dateobs BETWEEN t min AND t max)

WHERE dateobs BETWEEN 36050 and 36100
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Flavours of JOIN

There are various kinds of joins, depending on what elements of

the cartesian product are being retained in the presence of missing

data (NULL).

• t1 INNER JOIN t2

• t1 LEFT OUTER JOIN t2

• t1 RIGHT OUTER JOIN t2

• t1 FULL OUTER JOIN t2
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Geometries

The main extension of ADQL wrt SQL is addition of geometric

functions.

SELECT TOP 500 rv, e rv, p.radial velocity,

p.ra, p.dec, p.pmra, p.pmdec

FROM gaia.dr3lite AS p

JOIN rave.main AS rave

ON 1=CONTAINS(

POINT(p.ra, p.dec),

CIRCLE(rave.raj2000, rave.dej2000, 1.5/3600.))

There are more geometry functions defined in ADQL:

AREA, BOX, CENTROID, CIRCLE, CONTAINS, COORD1,

COORD2, COORDSYS, DISTANCE, INTERSECTS, POINT,

POLYGON
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DISTANCE

ADQL has a DISTANCE function to compute the spherical distance

between two points:

DISTANCE(lon1, lat1, lon2, lat2)

The DISTANCE function can be used to make cone selections and is

the prefered way to perform crossmatches on sky positions in

ADQL 2.1.

SELECT TOP 1000

raj2000, dej2000, parallax

FROM arihip.main

WHERE

DISTANCE(raj2000, dej2000,

189.2, 62.21) < 10
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Subqueries

One of the more powerful features of SQL is that you can have

subqueries instead of tables within FROM. Just put them in

parentheses and give them a name using AS. This is particularly

convenient when you first want to try some query on a subset of a

big table:

SELECT COUNT(*) AS n, ROUND((u-z)*2) AS bin

FROM (

SELECT TOP 4000 * FROM sdssdr16.main) AS q

GROUP BY bin ORDER BY bin
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Common table expressions

WITH lets you name a subquery result for later use in your main

query.

WITH withrvs AS (SELECT TOP 200

ra, dec, source_id,

a.radial velocity, b.rv as raverv

FROM gaia.dr3lite AS a

JOIN rave.main AS b

ON (

DISTANCE(a.ra, a.dec,

b.raj2000, b.dej2000) < 1/3600.))

SELECT *

FROM gdr3spec.spectra

JOIN withrvs

USING (source id)
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TAP: Uploads

TAP lets you upload your own tables into the server for the

duration of the query.

Example: Add proper motions to an object catalogue giving

positions reasonably close to ICRS; grab some table, falling back to

the attached ex.vot, load it into TOPCAT, go to the TAP

window and there say:

SELECT mine.*, refcat.pmra, refcat.pmde FROM

gaia.dr3lite AS refcat

JOIN tap upload.t1 AS mine

ON DISTANCE (

refcat.ra, refcat.dec,

mine.raj2000, mine.dej2000) < 0.001
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   Query successful   Right ascension (J2000)  Declination (J2000)  H selected default magnitude  J selected default magnitude  K selected default magnitude   QHSXCsKb8WNASgpzgdfb9UF1jVBBgKn8QXIcrEB0lvDqGDcuQEoKYXwb2lFBVlHsQWGyLUFTEm9A 



Almost real world

Suppose you have a catalogue giving alpha, delta, and an epoch of

observation sufficiently far away from the Gaia epoch. To match it,

you have to bring the reference catalogue on our side to the epoch

of your observation.

SELECT alpha, delta, parallax, pmra, pmdec, source_id

FROM (

SELECT

alpha, delta, parallax, pmra, pmdec, source_id,

ivo_epoch_prop_pos(ra, dec, parallax,

pmra, pmdec, radial_velocity, 2016, epoch) AS tpos

FROM tap_upload.t1

JOIN gaia.dr3lite

ON DISTANCE(alpha, delta, ra, dec)<0.1) AS q

WHERE DISTANCE(POINT(alpha, delta), tpos)<2/3600.
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TAP: Async operation

TAP jobs can take hours or days. To support that, you can run

your TAP jobs asynchronously. This means you do not have to

keep a connection open all the time.

To go async in TOPCAT, change the Mode selector to

“Asynchronous”. After submitting the job, you can watch your job

go through “UWS phases”:

PENDING Job created, you can configure it

QUEUED Waiting for compute time

EXECUTING The job is running

COMPLETED Successful completion, fetch results

ERROR The Job has failed, fetch error message
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Resuming async Jobs

You can quit your client with async and resume from somewhere

else.

To do that: In Running Jobs, select the URL and save it. Uncheck

Delete on Exit and leave TOPCAT.

Then restart TOPCAT, open the TAP window and paste the URL

back into the URL field. If the job has finished, you can retrieve

the result.
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TAP: the TAP schema

TAP services try to be self-describing about what data they

contain. They provide information on what tables they contain in

special tables in TAP SCHEMA. Figure out what tables are in

there by querying TAP SCHEMA itself:

SELECT * FROM tap schema.tables

WHERE table name LIKE ’tap schema.%’

To see what columns there are in tap schema.columns, say:

SELECT * FROM tap schema.columns

WHERE table name=’tap schema.columns’

Of course, in normal operations, clients like TOPCAT do that

querying for you: it’s how they fill their metadata views.
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Data Discovery 1: the Registry

The list of services in TOPCAT’s TAP window comes from the VO

Registry, an inventory of the services and data kept within the VO.

There are a few more ways to search the Registry, for instance in a

web browser using WIRR.

Use case: Find tables talking about quasars that have redshifts.
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Data Discovery 2: use ADQL

The relational registry standard says how to query this data set

using ADQL. All tables are in the rr schema and can be combined

through NATURAL JOIN. Our use case looks like this in ADQL:

SELECT ivoid, access_url, name,

ucd, column_description

FROM rr.capability

NATURAL JOIN rr.interface

NATURAL JOIN rr.table_column

NATURAL JOIN rr.res_table

WHERE standard_id LIKE ’ivo://ivoa.net/std/tap%’

AND 1=ivo_hasword(table_description, ’quasar’)

AND ucd=’src.redshift’
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Simbad

Simbad has a TAP interface; find it TOPCAT’s server selector and

inspect Simbad’s table metadata. Try queries like:

SELECT TOP 20 * FROM basic

SELECT TOP 1000

otype txt, tc.*

FROM basic AS db

JOIN TAP_UPLOAD.t7 AS tc

ON 1=CONTAINS(POINT(’ICRS’, db.ra, db.dec),

CIRCLE(’ICRS’, tc.ra, tc.dec, 2./3600.))

WHERE otype txt!=’star’
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Onward

If you get stuck or a query runs forever, the operators are usually

happy to help you. To find out who could be there to help you,

check TOPCAT’s Service tab or use – the relational registry. If you

have the ivoid of the service, say

SELECT role_name, email, base_role

FROM rr.res_role

WHERE ivoid=’ivo://org.gavo.dc/tap’

– if all you have is the access URL, do a natural join with

interfaces.

If we have done a good job, you now know how. . .
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 This schema contains data re-published from the official Gaia mirrors
(such as ivo://uni-heidelberg.de/gaia/tap) either to support combining
its data with local tables (the various Xlite tables) or to make the
data more accessible to VO clients (e.g., epoch fluxes).

Other Gaia-related data is found in, among others, the gdr3mock,
gdr3spec, gedr3auto, gedr3dist, gedr3mock, and gedr3spur schemas.

 
 If you use public Gaia DR3 data in a paper, please take note of
`ESAC's guide`_ on how to acknowledge and cite it.

.. _ESAC's guide:
https://gea.esac.esa.int/archive/documentation/GDR3/Miscellaneous/sec_credit_and_citation_instructions/

 
 This is gaia_source from the Gaia Data Release 3, stripped to just
enough columns to enable basic science (but therefore a bit faster and
simpler to deal with than the full gaia_source table).

Note that on this server, there is also The gedr3dist.main, which
gives distances computed by Bailer-Jones et al. Use these in
preference to working with the raw parallaxes.

This server also carries the gedr3mock schema containing a simulation
of gaia_source based on a state-of-the-art galaxy model, computed by
Rybizki et al.

The full DR3 is available from numerous places in the VO (in
particular from the TAP services ivo://uni-heidelberg.de/gaia/tap and
ivo://esavo/gaia/tap).

 
 Query successful

 
 For advice on how to cite the resource(s) that contributed to this result, see http://dc.zah.uni-heidelberg.de/tableinfo/gaia.dr3lite#ti-citing

 
 More information on a resource that contributed to this data is found at http://dc.zah.uni-heidelberg.de/tableinfo/gaia.dr3lite

 
 
 
 -- *TAINTED*: the value was operated on in a way that unit and ucd may be severely wrong

 
 
  333.6340140164655 27.849976857459605 1965.7858191799014
  333.63439154152104 27.847405123061925 1947.3519247585068
  37.640932548792456 -15.722883426074057 1970.7613362859495
  15.640617887051132 -31.881568979728115 1938.7438159932215
  318.3940312945749 -19.321046247513873 1972.0091052176801
  57.349591580851666 -3.326745763069553 1962.9485602093544
  10.08306308889046 -59.46174063841194 1942.3577591141157
  10.071623788088228 -59.46362265289873 1926.8545099913676
  8.632337773885284 71.20022343355981 1945.4506167731026
  134.78530929035358 36.45282227746787 1902.1701747353989
  71.95882645149462 48.27898180625064 1961.1810783581943
  308.17298046054367 5.847303573127917 1940.316450898357
  282.4414223127152 -23.832277351526997 1926.5229776949748
  316.61589193043056 38.67331845368693 1921.525472658736
  185.64760924528508 -40.033957760460126 1933.0340149658534
  177.47117195940297 -40.20894686704706 1931.7337387029202
  127.66703999616873 32.70431313196559 1946.3142521041284
  125.61558454964111 7.416129715367857 1968.3133986152607
  118.27728417448131 -14.793122661781078 1952.5157837774932
  129.96316706834125 11.529560242153291 1950.438824708746
  266.66088065304507 -12.965997565691493 1942.4389675114317
  229.83187163328384 23.067880433803026 1937.4327307097165
  208.16982032762863 -50.92087061793369 1921.4381561523028
  208.1617517256657 -50.92086550762734 1962.9586603645034
  227.34014275805797 -19.959301753021517 1958.9875913830242
  8.951982058702276 52.68959526402702 1943.2097281411643
  8.95919839022566 52.695621024043355 1959.1512094428379
  270.7574708312609 75.9582084752584 1950.5022597628474
  44.124398209628296 55.44958708143954 1936.572709014636
  254.71752220896474 68.89309779083949 1913.4494566871606
  265.6172109619817 75.61616196744106 1902.6093151808363
  152.37996453042464 51.29479013901907 1973.9560056023508
  133.88317005174167 70.79658403271424 1973.392616854931
  133.89468833368636 70.79807667551529 1964.2796928702403
  274.3324327736555 68.5717716124557 1962.3805489099857
  117.16711189884757 53.65851586215758 1930.00739348807
  117.170724364647 53.663065606320096 1901.2948549576042
  217.67195825701702 59.722149014004565 1967.4392505929422
  299.2362835032754 -42.25472256197355 1935.5251281548265
  312.83117367077637 -79.28731780277282 1913.0609048993458
  62.13731001403038 50.17996217339884 1956.0809722309855
  183.2653558716693 3.2644351082596477 1926.2454559551074
  195.18525425602405 19.221439088945132 1965.890505736405
  220.38663157588852 -51.96509368354733 1960.9900359149158
  278.8628157269665 -19.725528411088195 1963.9790407796252
  203.01499743926288 -1.3009835552844349 1910.0729652970142
  247.15007724114255 3.2641606982975873 1923.4890432221996
  34.538354208523124 44.27284169091741 1925.0252727929708
  159.6427919671567 35.49494033204997 1971.4734780822916
  354.8107803302858 -20.941480001483324 1908.7872016815916
  351.4219103574577 -18.794354277818243 1900.632318417714
  22.709508881043494 -4.121517588977726 1972.6064576949682
  257.0677087562446 -34.59051259100995 1932.3458402124845
  213.13028261265407 10.148536987117131 1972.4337744759741






