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    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
0.1.0 - 2026-10-28
Added
	SpaceTAP.query/3, which runs a sync query: it POSTs the ADQL query to the /sync endpoint of a TAP service, asking for CSV, and returns the result, also when the service labels the CSV text/plain, as the NASA Exoplanet Archive does. Options: :maxrec, and :req_options for Req.
	SpaceTAP.Result, the table a query returns: its columns in order and its rows, with CSV values as strings and empty cells as nil.
	SpaceTAP.Error, the error a query returns: a :type (:service_error, :http_error, :transport_error or :decode_error), a message, and the HTTP status, which the exception message starts with. A service error comes from a VOTable error document, or from plain text with HTTP 400, as KOA and CADC send.
	A README with usage, errors, the limits of CSV results and the TAP services SpaceTAP has been checked against, and HexDocs with the SpaceTAP icon.
	Livebooks that run SpaceTAP against Gaia, GAVO, the NASA Exoplanet Archive and other TAP services, with tables and charts, each with a "Run in Livebook" button on HexDocs.
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    Getting started with SpaceTAP

Mix.install([
  {:space_tap, "~> 0.1.0"},
  {:kino, "~> 0.19.1"}
])
What SpaceTAP does
TAP, the IVOA Table Access Protocol, is how astronomical archives expose their tables over HTTP. You write a query in ADQL, a dialect of SQL with functions for positions on the sky, and the service runs it and sends the table back.
SpaceTAP.query/3 runs a sync query: one HTTP request, with the result in the response (TAP 1.1 §2.1). It POSTs the ADQL to the /sync endpoint of the service with REQUEST=doQuery, LANG=ADQL and FORMAT=csv, and reads the CSV that comes back.
This notebook installs SpaceTAP from Hex. Every query goes to a live service, so the numbers you get may differ a little from the ones mentioned here.
A first query
The service URL is the base URL of a TAP service, what TAP calls its access URL. This one is the Gaia archive at ESA. The query asks for the five brightest stars within one degree of the centre of the Pleiades:
gaia = "https://gea.esac.esa.int/tap-server/tap"

adql = """
SELECT TOP 5 source_id, ra, dec, parallax, phot_g_mean_mag
FROM gaiadr3.gaia_source
WHERE CONTAINS(POINT('ICRS', ra, dec), CIRCLE('ICRS', 56.75, 24.12, 1.0)) = 1
  AND parallax IS NOT NULL AND phot_g_mean_mag IS NOT NULL
ORDER BY phot_g_mean_mag
"""

{:ok, result} = SpaceTAP.query(gaia, adql)
CONTAINS(POINT(...), CIRCLE(...)) = 1 is how ADQL writes a cone search: it keeps the rows whose position falls inside a circle of 1° around right ascension 56.75° and declination 24.12°. phot_g_mean_mag is the brightness in Gaia's G band, and a smaller magnitude means a brighter star, so ORDER BY phot_g_mean_mag puts the brightest first.
Columns and rows
The result is a SpaceTAP.Result. columns holds the column names in the order of the query:
result.columns
Each row is a list with one value per column, in the same order:
hd(result.rows)
Every value is a string, because CSV has no types. An empty cell would be nil. To work with maps instead, zip each row with the columns:
stars = Enum.map(result.rows, fn row -> result.columns |> Enum.zip(row) |> Map.new() end)
Kino.DataTable shows them as a table you can sort. keys: keeps the columns in the order of the query, which a map doesn't:
Kino.DataTable.new(stars, keys: result.columns, name: "Brightest stars in the Pleiades")
From strings to numbers
To compute anything, parse the values first. Parallax is in milliarcseconds, and the distance in parsecs is roughly 1000 divided by it:
for star <- stars do
  {parallax, ""} = Float.parse(star["parallax"])
  %{source_id: star["source_id"], distance_pc: Float.round(1000 / parallax, 1)}
end
source_id is a 64-bit integer. Keep it as a string, or use String.to_integer/1, but don't turn it into a float: floats can't hold every integer that large exactly.
Typed values read from VOTable, the IVOA format for tables, are planned for a later version of SpaceTAP.
Options
:maxrec asks the service to return at most that many rows (DALI 1.1 §3.4.4). The service may apply a lower limit of its own; Gaia stops at 50,000 rows.
{:ok, result} =
  SpaceTAP.query(gaia, "SELECT TOP 10 source_id FROM gaiadr3.gaia_source", maxrec: 3)

length(result.rows)
A CSV result doesn't say whether the service cut it short. A VOTable would, with a query status of OVERFLOW (DALI 1.1 §4.4.1). If you get exactly as many rows as the limit, assume there are more.
maxrec: 0 asks for the columns with no rows, which is a quick way to see what a query returns:
SpaceTAP.query(gaia, "SELECT TOP 10 source_id, ra, dec FROM gaiadr3.gaia_source", maxrec: 0)
:req_options goes to Req, the HTTP client. Req waits 15 seconds for a response by default; raise it for slower queries:
SpaceTAP.query(gaia, "SELECT TOP 1 source_id FROM gaiadr3.gaia_source",
  req_options: [receive_timeout: 60_000]
)
When a query fails
A failed query returns {:error, %SpaceTAP.Error{}}. A query that names a table Gaia doesn't have gives a service error, with the message Gaia wrote:
{:error, error} = SpaceTAP.query(gaia, "SELECT TOP 3 source_id FROM gaiadr3.no_such_table")
SpaceTAP.Error is an exception, and its message starts with the HTTP status:
Exception.message(error)
:type says what went wrong:
	Type	When
	:service_error	The service rejected the query, for example because of invalid ADQL or an unknown table.
	:http_error	An HTTP error status without an error document from the service, such as a proxy's page.
	:transport_error	No response arrived: the connection failed or timed out.
	:decode_error	A successful response that can't be read as a result, such as one in another format.

So you can decide what to do from the type alone:
case SpaceTAP.query(gaia, "SELECT TOP 3 source_id FROM gaiadr3.no_such_table") do
  {:ok, result} ->
    "#{length(result.rows)} rows"

  {:error, %SpaceTAP.Error{type: :service_error, message: message}} ->
    "Fix the query: " <> (message |> String.split("\n") |> hd())

  {:error, %SpaceTAP.Error{type: type}} when type in [:http_error, :transport_error] ->
    "Try again later"

  {:error, error} ->
    raise error
end
Next
	The Pleiades with Gaia: find the members of a star cluster by how they move, and draw their colour–magnitude diagram.
	GAVO Data Center: what a service holds, the Hipparcos catalogue, and the IVOA Registry.
	NASA Exoplanet Archive: exoplanet discoveries over the years, and planets by size and orbit.
	A tour of TAP services: the same query against eleven services at once, and every kind of error.
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    The Pleiades with Gaia

Mix.install([
  {:space_tap, "~> 0.1.0"},
  {:kino, "~> 0.19.1"},
  {:kino_vega_lite, "~> 0.1.13"}
])
The cluster
The Pleiades (M45) is an open cluster: a few thousand stars born together about 100 million years ago, some 135 parsecs away. Gaia measures the position, parallax, proper motion and colour of nearly two billion stars, and its archive is a TAP service.
This notebook asks Gaia for the stars around the cluster, picks out the members by how they move, and draws their colour–magnitude diagram, the observer's version of the Hertzsprung–Russell diagram.
Helpers
SpaceTAP 0.1 reads results as CSV, so every value is a string and an empty cell is nil. These helpers turn rows into maps and parse the numeric columns:
alias VegaLite, as: Vl

defmodule Rows do
  def to_maps(%SpaceTAP.Result{columns: columns, rows: rows}) do
    Enum.map(rows, fn row -> columns |> Enum.zip(row) |> Map.new() end)
  end

  def parse_numbers(map, keys) do
    Enum.reduce(keys, map, fn key, map -> Map.update!(map, key, &number/1) end)
  end

  defp number(nil), do: nil

  defp number(string) do
    {number, ""} = Float.parse(string)
    number
  end
end
The query
A cone of 2° around the centre of the cluster. The parallax filter keeps stars between 100 and 200 parsecs away (parallaxes of 10 to 5 milliarcseconds), which drops most of the stars in front of and behind the cluster. bp_rp is the colour, the difference between Gaia's blue and red magnitudes, and the diagram needs it.
gaia = "https://gea.esac.esa.int/tap-server/tap"

adql = """
SELECT source_id, ra, dec, parallax, pmra, pmdec, phot_g_mean_mag, bp_rp
FROM gaiadr3.gaia_source
WHERE CONTAINS(POINT('ICRS', ra, dec), CIRCLE('ICRS', 56.75, 24.12, 2.0)) = 1
  AND parallax BETWEEN 5 AND 10
  AND bp_rp IS NOT NULL
"""

{:ok, result} = SpaceTAP.query(gaia, adql, req_options: [receive_timeout: 60_000])
length(result.rows)
numeric = ~w(ra dec parallax pmra pmdec phot_g_mean_mag bp_rp)
stars = result |> Rows.to_maps() |> Enum.map(&Rows.parse_numbers(&1, numeric))
hd(stars)
source_id stays a string: it is a 64-bit integer, and the charts below run in JavaScript, whose numbers can't hold every integer that large.
Who belongs to the cluster
Stars in a cluster move through space together, so they share a proper motion, the motion across the sky in milliarcseconds per year. Field stars at the same distance move every which way. In a plot of proper motions the cluster is the tight clump:
Vl.new(width: 500, height: 400, title: "Proper motions")
|> Vl.data_from_values(stars, only: ["pmra", "pmdec"])
|> Vl.mark(:circle, size: 10, opacity: 0.5)
|> Vl.encode_field(:x, "pmra", type: :quantitative, title: "pmRA (mas/yr)")
|> Vl.encode_field(:y, "pmdec", type: :quantitative, title: "pmDec (mas/yr)")
The clump sits near +20 mas/yr in right ascension and −45 mas/yr in declination. Take as members the stars within 5 mas/yr of that point:
{pmra_cluster, pmdec_cluster} = {20.0, -45.5}

member? = fn star ->
  :math.sqrt((star["pmra"] - pmra_cluster) ** 2 + (star["pmdec"] - pmdec_cluster) ** 2) < 5
end

stars = Enum.map(stars, &Map.put(&1, "member", member?.(&1)))
members = Enum.filter(stars, & &1["member"])

%{stars: length(stars), members: length(members)}
Vl.new(width: 500, height: 400, title: "Proper motions, members in colour")
|> Vl.data_from_values(stars, only: ["pmra", "pmdec", "member"])
|> Vl.mark(:circle, size: 10, opacity: 0.5)
|> Vl.encode_field(:x, "pmra", type: :quantitative, title: "pmRA (mas/yr)")
|> Vl.encode_field(:y, "pmdec", type: :quantitative, title: "pmDec (mas/yr)")
|> Vl.encode_field(:color, "member", type: :nominal, title: "Member")
The colour–magnitude diagram
The apparent magnitude depends on distance. The absolute magnitude, how bright a star would look from 10 parsecs, comes from the parallax ϖ in milliarcseconds:
$$
M_G = G + 5 \log_{10}(\varpi) - 10
$$
members =
  Enum.map(members, fn star ->
    Map.put(star, "abs_g", star["phot_g_mean_mag"] + 5 * :math.log10(star["parallax"]) - 10)
  end)

Vl.new(width: 500, height: 500, title: "The Pleiades: colour–magnitude diagram")
|> Vl.data_from_values(members, only: ["bp_rp", "abs_g", "source_id"])
|> Vl.mark(:circle, size: 12, opacity: 0.7)
|> Vl.encode_field(:x, "bp_rp", type: :quantitative, title: "BP − RP (colour)")
|> Vl.encode_field(:y, "abs_g", type: :quantitative, title: "M_G", scale: [reverse: true])
|> Vl.encode_field(:tooltip, "source_id", type: :nominal)
Bright stars are at the top, since magnitudes grow as stars get fainter, and blue stars are on the left. Almost every member lies on one diagonal band, the main sequence: stars that burn hydrogen in their cores. The cluster is young, so even its hot, blue, massive stars at the top left are still on it. The faint red end at the bottom right is made of low-mass red dwarfs.
The cluster on the sky
Right ascension grows to the east, which is to the left on a map of the sky, so the x axis is reversed. Brighter stars are drawn bigger:
members_on_sky = Enum.map(members, &Map.put(&1, "brightness", 20 - &1["phot_g_mean_mag"]))

Vl.new(width: 500, height: 500, title: "Members on the sky")
|> Vl.data_from_values(members_on_sky, only: ["ra", "dec", "brightness"])
|> Vl.mark(:circle, color: "#4c78a8", opacity: 0.6)
|> Vl.encode_field(:x, "ra",
  type: :quantitative,
  title: "RA (°)",
  scale: [reverse: true, zero: false]
)
|> Vl.encode_field(:y, "dec", type: :quantitative, title: "Dec (°)", scale: [zero: false])
|> Vl.encode_field(:size, "brightness",
  type: :quantitative,
  legend: nil,
  scale: [range: [2, 200]]
)
The big dots near the centre are the stars you can see with the naked eye, such as Atlas, Electra, Maia and Taygeta. Two are missing. Alcyone, the brightest, has no parallax in Gaia DR3: the cell is empty, so parallax BETWEEN 5 AND 10 drops it. Merope is in the result, but its proper motion is about 7 mas/yr from the cluster's, outside the 5 mas/yr circle. Very bright stars saturate Gaia's detectors, so their measurements are less precise.
How far away
The distance in parsecs is 1000 divided by the parallax in milliarcseconds. The mean parallax of the members gives the distance to the cluster:
mean_parallax = (members |> Enum.map(& &1["parallax"]) |> Enum.sum()) / length(members)

%{mean_parallax_mas: Float.round(mean_parallax, 3), distance_pc: round(1000 / mean_parallax)}
Inverting a single noisy parallax gives a biased distance, but with hundreds of members, each with a precise parallax, the result is close to the published one, about 135 parsecs.
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    GAVO Data Center

Mix.install([
  {:space_tap, "~> 0.1.0"},
  {:kino, "~> 0.19.1"},
  {:kino_vega_lite, "~> 0.1.13"}
])
The service
The GAVO Data Center in Heidelberg publishes hundreds of tables, from historical catalogues to the IVOA Registry itself. It runs DaCHS, the software behind many TAP services, so it is a good second implementation to try SpaceTAP against.
This notebook looks at what the service holds, draws the naked-eye sky from the Hipparcos catalogue, searches the Registry for other TAP services, and ends with the errors DaCHS sends.
alias VegaLite, as: Vl

gavo = "https://dc.g-vo.org/tap"

to_maps = fn %SpaceTAP.Result{columns: columns, rows: rows} ->
  Enum.map(rows, fn row -> columns |> Enum.zip(row) |> Map.new() end)
end

table = fn result, name ->
  Kino.DataTable.new(to_maps.(result), keys: result.columns, name: name)
end
What the service holds
Every TAP service describes its own tables and columns in TAP_SCHEMA, which you query with ADQL like any other table (TAP 1.1 §4). The schemas with the most tables:
{:ok, schemas} =
  SpaceTAP.query(gavo, """
  SELECT TOP 15 schema_name, COUNT(*) AS n_tables
  FROM tap_schema.tables
  GROUP BY schema_name
  ORDER BY n_tables DESC
  """)

table.(schemas, "Schemas")
The columns of a table, with their units, come from tap_schema.columns. Here, the Hipparcos catalogue:
{:ok, columns} =
  SpaceTAP.query(gavo, """
  SELECT column_name, unit, description
  FROM tap_schema.columns
  WHERE table_name = 'hipparcos.main'
  """)

table.(columns, "hipparcos.main columns")
Look at the units before using a column: here parallax is in degrees, not in the milliarcseconds most catalogues use.
The naked-eye sky
Hipparcos, an ESA satellite and Gaia's predecessor, measured about 118,000 stars. Those brighter than magnitude 4 are roughly the stars you can see from a city:
{:ok, bright} =
  SpaceTAP.query(gavo, """
  SELECT hipno, ra, dec, vmag, sptype AS spectral_type
  FROM hipparcos.main
  WHERE vmag < 4
  ORDER BY vmag
  """)

length(bright.rows)
sptype AS spectral_type names the column in the result. Without the alias, DaCHS writes the header as SpType: ADQL names that aren't in double quotes ignore case (ADQL 2.1 §2.1.7), so the service may spell them its own way.
The first letter of the spectral type is the spectral class, from hot blue O stars to cool red M stars, so colour the dots by it:
classes = ~w(O B A F G K M)

stars =
  for star <- to_maps.(bright) do
    {vmag, ""} = Float.parse(star["vmag"])
    {ra, ""} = Float.parse(star["ra"])
    {dec, ""} = Float.parse(star["dec"])
    class = String.first(star["spectral_type"] || "")

    %{
      "hip" => star["hipno"],
      "ra" => ra,
      "dec" => dec,
      "vmag" => vmag,
      "brightness" => 4.5 - vmag,
      "class" => if(class in classes, do: class, else: "other")
    }
  end

Vl.new(width: 700, height: 350, title: "Stars brighter than magnitude 4")
|> Vl.data_from_values(stars)
|> Vl.mark(:circle, opacity: 0.8)
|> Vl.encode_field(:x, "ra", type: :quantitative, title: "RA (°)", scale: [domain: [360, 0]])
|> Vl.encode_field(:y, "dec", type: :quantitative, title: "Dec (°)", scale: [domain: [-90, 90]])
|> Vl.encode_field(:size, "brightness",
  type: :quantitative,
  legend: nil,
  scale: [range: [5, 250]]
)
|> Vl.encode_field(:color, "class",
  type: :nominal,
  title: "Class",
  scale: [
    domain: classes ++ ["other"],
    range: ~w(#5b7cfa #8fb0ff #d6e2ff #fff4d6 #ffe08a #ffb35c #ff7a45 #999999)
  ]
)
|> Vl.encode(:tooltip, [
  [field: "hip", type: :nominal, title: "HIP"],
  [field: "vmag", type: :quantitative, title: "V"],
  [field: "class", type: :nominal]
])
Hover over a dot to see its HIP number and magnitude. The biggest, at RA 101° and Dec −17°, is Sirius, the brightest star in the night sky.
The nearest stars
Sort by parallax to get the nearest stars. With the parallax in degrees, multiply by 3,600,000 to get milliarcseconds; the distance in parsecs is 1000 divided by that, and a parsec is 3.26 light years:
{:ok, nearest} =
  SpaceTAP.query(gavo, """
  SELECT TOP 10 hipno, vmag, parallax, sptype AS spectral_type
  FROM hipparcos.main
  ORDER BY parallax DESC
  """)

nearest_stars =
  for star <- to_maps.(nearest) do
    {parallax_deg, ""} = Float.parse(star["parallax"])
    parallax_mas = parallax_deg * 3_600_000
    distance_pc = 1000 / parallax_mas

    %{
      "hip" => star["hipno"],
      "vmag" => star["vmag"],
      "spectral_type" => star["spectral_type"],
      "parallax_mas" => Float.round(parallax_mas, 1),
      "distance_ly" => Float.round(distance_pc * 3.2616, 2)
    }
  end

Kino.DataTable.new(nearest_stars,
  keys: ~w(hip vmag spectral_type parallax_mas distance_ly),
  name: "Nearest Hipparcos stars"
)
HIP 70890 is Proxima Centauri, and the next two are Alpha Centauri A and B. Proxima is faint (V = 11) although it is the nearest: it is a small red dwarf.
Searching the Registry for TAP services
The IVOA Registry lists the services of the Virtual Observatory. GAVO serves it through TAP too, with the tables defined by RegTAP, so you can search it with ADQL. ivo_hasword is a RegTAP function for word searches in free text. TAP services whose description mentions a word:
word = "Gaia"

{:ok, services} =
  SpaceTAP.query(gavo, """
  SELECT res.res_title, intf.access_url
  FROM rr.resource AS res
  JOIN rr.capability AS cap ON cap.ivoid = res.ivoid
  JOIN rr.interface AS intf ON intf.ivoid = cap.ivoid AND intf.cap_index = cap.cap_index
  WHERE cap.standard_id = 'ivo://ivoa.net/std/tap'
    AND intf.intf_role = 'std'
    AND 1 = ivo_hasword(res.res_description, '#{word}')
  ORDER BY res.res_title
  """)

table.(services, "TAP services that mention #{word}")
access_url is the service URL to pass to SpaceTAP.query/3. Many are registered with http://: if the service also answers on https://, use that, because a redirect from http:// to https:// loses the query (see the README).
Interpolating word into the ADQL is fine for a word you typed yourself. ADQL has no bound parameters, so never interpolate text from someone else without escaping it.
Errors from DaCHS
DaCHS answers invalid ADQL with HTTP 500 and a VOTable error document. The document starts with an xml-stylesheet processing instruction, so a browser can show it as a web page:
SpaceTAP.query(gavo, "SELEC TOP 3 hipno FROM hipparcos.main")
An unknown column:
SpaceTAP.query(gavo, "SELECT TOP 3 b_v FROM hipparcos.main")
Both are :service_errors with the message DaCHS wrote: the document says its query status is ERROR (DALI 1.1 §4.4), so the HTTP status doesn't decide the type.
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    NASA Exoplanet Archive

Mix.install([
  {:space_tap, "~> 0.1.0"},
  {:kino, "~> 0.19.1"},
  {:kino_vega_lite, "~> 0.1.13"}
])
The service
The NASA Exoplanet Archive, run by IPAC at Caltech, keeps the catalogue of confirmed planets around other stars. Its table pscomppars has one row per planet, with the best value of each parameter.
The archive sends its CSV with Content-Type: text/plain instead of the text/csv that TAP 1.1 §3.2 requires. SpaceTAP reads it as CSV anyway, because CSV is what it asked for (docs/adr/0003-csv-sent-as-plain-text-is-read-as-csv.md).
alias VegaLite, as: Vl

nasa = "https://exoplanetarchive.ipac.caltech.edu/TAP"

to_maps = fn %SpaceTAP.Result{columns: columns, rows: rows} ->
  Enum.map(rows, fn row -> columns |> Enum.zip(row) |> Map.new() end)
end

number = fn
  nil ->
    nil

  string ->
    {number, ""} = Float.parse(string)
    number
end
Discoveries by method
ADQL has GROUP BY and COUNT, so the service does the counting:
{:ok, by_method} =
  SpaceTAP.query(nasa, """
  SELECT discoverymethod, COUNT(*) AS planets
  FROM pscomppars
  GROUP BY discoverymethod
  ORDER BY planets DESC
  """)

Kino.DataTable.new(to_maps.(by_method), keys: by_method.columns, name: "Planets by method")
Most planets were found by the transit method, as they crossed in front of their star and dimmed it; Kepler and TESS found thousands that way. Radial velocity measures the wobble of the star as the planet pulls on it.
Discoveries per year
{:ok, by_year} =
  SpaceTAP.query(nasa, """
  SELECT disc_year, discoverymethod, COUNT(*) AS planets
  FROM pscomppars
  GROUP BY disc_year, discoverymethod
  """)

discoveries =
  for row <- to_maps.(by_year) do
    %{
      "year" => String.to_integer(row["disc_year"]),
      "method" => row["discoverymethod"],
      "planets" => String.to_integer(row["planets"])
    }
  end

Vl.new(width: 700, height: 350, title: "Exoplanets discovered per year")
|> Vl.data_from_values(discoveries)
|> Vl.mark(:bar)
|> Vl.encode_field(:x, "year", type: :ordinal, title: "Year")
|> Vl.encode_field(:y, "planets", type: :quantitative, aggregate: :sum, title: "Planets")
|> Vl.encode_field(:color, "method", type: :nominal, title: "Method")
The two tallest bars, 2016 and 2014, are the years when large batches of Kepler planets were confirmed at once.
Planets by size and orbit
Each dot is a planet: its orbital period, how long its year lasts, against its radius in Earth radii. Both axes are logarithmic, because periods go from hours to centuries:
{:ok, sizes} =
  SpaceTAP.query(nasa, """
  SELECT pl_name, pl_orbper, pl_rade, discoverymethod
  FROM pscomppars
  WHERE pl_orbper IS NOT NULL AND pl_rade IS NOT NULL
  """)

planets =
  for row <- to_maps.(sizes) do
    %{
      "name" => row["pl_name"],
      "period_days" => number.(row["pl_orbper"]),
      "radius_earth" => number.(row["pl_rade"]),
      "method" => row["discoverymethod"]
    }
  end

Vl.new(width: 700, height: 450, title: "Orbital period and radius")
|> Vl.data_from_values(planets)
|> Vl.mark(:circle, size: 12, opacity: 0.5)
|> Vl.encode_field(:x, "period_days",
  type: :quantitative,
  title: "Period (days)",
  scale: [type: :log]
)
|> Vl.encode_field(:y, "radius_earth",
  type: :quantitative,
  title: "Radius (Earth = 1)",
  scale: [type: :log]
)
|> Vl.encode_field(:color, "method", type: :nominal, title: "Method")
|> Vl.encode_field(:tooltip, "name", type: :nominal)
The clump at the top left are hot Jupiters, giant planets that orbit their star in a few days. Most planets found by transit have short periods, because a planet has to cross its star while someone is watching.
The nearest planets, and a quirk of the service
sy_dist is the distance to the planet's system in parsecs. In ADQL, ORDER BY sorts the rows before TOP keeps the first ones: ADQL 2.1 §4.10.1 applies ORDER BY, then OFFSET, then TOP. This service applies TOP first, so the query below returns ten planets that are not the nearest, sorted:
{:ok, wrong} =
  SpaceTAP.query(nasa, """
  SELECT TOP 10 pl_name, sy_dist
  FROM pscomppars
  WHERE sy_dist IS NOT NULL
  ORDER BY sy_dist
  """)

wrong.rows
MAXREC is applied to the final result, so leave out TOP and pass :maxrec instead:
{:ok, nearest} =
  SpaceTAP.query(
    nasa,
    """
    SELECT pl_name, hostname, sy_dist, disc_year, discoverymethod
    FROM pscomppars
    WHERE sy_dist IS NOT NULL
    ORDER BY sy_dist
    """,
    maxrec: 10
  )

Kino.DataTable.new(to_maps.(nearest), keys: nearest.columns, name: "Nearest planets")
Proxima Centauri, the nearest star to the Sun, has planets 1.3 parsecs away.
Errors
The archive sends its error documents as VOTable, so they are :service_errors:
SpaceTAP.query(nasa, "SELECT TOP 3 pl_name FROM no_such_table")
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Mix.install([
  {:space_tap, "~> 0.1.0"},
  {:kino, "~> 0.19.1"},
  {:kino_vega_lite, "~> 0.1.13"}
])
Many archives, one protocol
TAP is a standard, so the same client and the same query work against archives built by different teams with different software. This notebook sends one query to eleven services at once, then makes each kind of error happen on purpose.
alias VegaLite, as: Vl

services = [
  {"Gaia (ESA)", "https://gea.esac.esa.int/tap-server/tap"},
  {"GAVO Data Center", "https://dc.g-vo.org/tap"},
  {"NASA Exoplanet Archive", "https://exoplanetarchive.ipac.caltech.edu/TAP"},
  {"IRSA (IPAC)", "https://irsa.ipac.caltech.edu/TAP"},
  {"NED (IPAC)", "https://ned.ipac.caltech.edu/tap"},
  {"KOA (Keck)", "https://koa.ipac.caltech.edu/TAP"},
  {"VizieR (CDS)", "https://tapvizier.cds.unistra.fr/TAPVizieR/tap"},
  {"SIMBAD (CDS)", "https://simbad.cds.unistra.fr/simbad/sim-tap"},
  {"ESO", "https://archive.eso.org/tap_obs"},
  {"CADC", "https://ws.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/argus"},
  {"MAST", "https://mast.stsci.edu/vo-tap/api/v0.1/caom"}
]
The same query everywhere
Every TAP service describes its tables in TAP_SCHEMA (TAP 1.1 §4), so this query works on all of them: how many tables does each one publish?
SpaceTAP keeps no state between queries: there is no process to start, and a query is a function call. Running them at the same time is a job for Task.async_stream/3:
adql = "SELECT COUNT(*) AS n FROM TAP_SCHEMA.tables"

run = fn {name, url} ->
  {microseconds, response} =
    :timer.tc(fn -> SpaceTAP.query(url, adql, req_options: [receive_timeout: 30_000]) end)

  {name, div(microseconds, 1000), response}
end

responses =
  services
  |> Task.async_stream(run,
    max_concurrency: length(services),
    timeout: 60_000,
    on_timeout: :kill_task
  )
  |> Enum.zip(services)
  |> Enum.map(fn
    {{:ok, {name, ms, {:ok, %SpaceTAP.Result{rows: [[n]]}}}}, _service} ->
      %{
        "service" => name,
        "outcome" => "ok",
        "tables" => String.to_integer(n),
        "ms" => ms,
        "message" => nil
      }

    {{:ok, {name, ms, {:error, error}}}, _service} ->
      %{
        "service" => name,
        "outcome" => inspect(error.type),
        "tables" => nil,
        "ms" => ms,
        "message" => error.message
      }

    {{:exit, :timeout}, {name, _url}} ->
      %{"service" => name, "outcome" => "timeout", "tables" => nil, "ms" => nil, "message" => nil}
  end)

Kino.DataTable.new(responses,
  keys: ~w(service outcome tables ms message),
  name: "SELECT COUNT(*) FROM TAP_SCHEMA.tables"
)
The whole batch takes about as long as the slowest service, not the sum of all of them. VizieR publishes tens of thousands of catalogues, so the chart needs a logarithmic scale:
answered = Enum.filter(responses, &(&1["outcome"] == "ok"))

Vl.new(width: 600, height: 300, title: "Tables per service")
|> Vl.data_from_values(answered, only: ["service", "tables"])
|> Vl.mark(:bar)
|> Vl.encode_field(:y, "service", type: :nominal, sort: "-x", title: nil)
|> Vl.encode_field(:x, "tables",
  type: :quantitative,
  scale: [type: :log],
  title: "Tables (log scale)"
)
Two things happened along the way:
	CADC answered through a redirect. It answers the POST with HTTP 303 and the URL of a job, and SpaceTAP follows it with a GET. That is the POST-redirect-GET pattern TAP allows for sync queries (TAP 1.1 §2.1), and Req logs each redirect.
	MAST gave a :decode_error. It sends VOTable whatever FORMAT asks for. TAP requires VOTable and only recommends CSV (TAP 1.1 §2.7.3), and SpaceTAP 0.1 reads CSV only, so MAST will work once SpaceTAP reads VOTable.

The same mistake everywhere
Each service writes its own error message, but they all send it in a VOTable error document whose query status is ERROR (DALI 1.1 §4.4), so SpaceTAP returns a :service_error for all of them, with whatever HTTP status the service chose:
broken = "SELEC TOP 3 * FROM TAP_SCHEMA.tables"

services
|> Enum.take(3)
|> Kernel.++([List.keyfind(services, "SIMBAD (CDS)", 0)])
|> Enum.map(fn {name, url} ->
  {:error, error} = SpaceTAP.query(url, broken)
  first_line = error.message |> String.split("\n") |> hd()

  %{
    "service" => name,
    "type" => inspect(error.type),
    "status" => error.status,
    "message" => first_line
  }
end)
|> Kino.DataTable.new(keys: ~w(service type status message), name: "Invalid ADQL")
GAVO's documents start with an xml-stylesheet processing instruction and no XML declaration, which the XML parser in OTP misreads unless SpaceTAP helps it. That was issue #10.
KOA and CADC send their message as plain text instead, which DALI 1.1 §4.2 also allows, with HTTP 400. Plain text could come from a proxy as well, so SpaceTAP returns a :service_error for it only with a 400, the status for a bad request, and an :http_error with any other status (issue #17).
Errors that don't come from the service
query = "SELECT TOP 1 table_name FROM TAP_SCHEMA.tables"

[
  {"http:// URL that redirects to https://", "http://gea.esac.esa.int/tap-server/tap"},
  {"Wrong path", "https://gea.esac.esa.int/tap-server/no-such-service"},
  {"Unknown host", "https://tap.invalid"}
]
|> Enum.map(fn {case_name, url} ->
  {:error, error} = SpaceTAP.query(url, query)

  %{
    "case" => case_name,
    "type" => inspect(error.type),
    "status" => error.status,
    "message" => error.message
  }
end)
|> Kino.DataTable.new(keys: ~w(case type status message), name: "Other errors")
	http:// instead of https://. Gaia redirects with a 302. Req, like curl and browsers, follows a 301 or 302 with a GET, as RFC 9110 allows (§15.4.2, §15.4.3), and the GET carries no query. Gaia answers it with its list of async jobs, which isn't a result, so the error is a :decode_error. Use the https:// URL (issue #11).
	A wrong path. The web server answers 404 with an HTML page. There is no error document from a TAP service, so it is an :http_error.
	An unknown host. No response arrives at all, so it is a :transport_error with no status. The .invalid domain is reserved, so it never resolves (RFC 2606).
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Elixir client for the IVOA Table Access Protocol (TAP), the HTTP protocol
astronomical archives use to expose tabular data.
query/3 sends a query written in ADQL to a TAP service and returns its
result as a SpaceTAP.Result, or a SpaceTAP.Error when it fails.
SpaceTAP follows TAP 1.1
and works with TAP 1.0 services.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        An option for query/3.



    





  
    Functions
  


    
      
        query(service_url, adql, opts \\ [])

      


        Runs a sync query: sends adql to the TAP service at service_url and
returns its result.
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          @type option() :: {:maxrec, non_neg_integer()} | {:req_options, keyword()}


      


An option for query/3.
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          @spec query(String.t(), String.t(), [option()]) ::
  {:ok, SpaceTAP.Result.t()} | {:error, SpaceTAP.Error.t()}


      


Runs a sync query: sends adql to the TAP service at service_url and
returns its result.
service_url is the base URL of the service, such as
"https://gea.esac.esa.int/tap-server/tap" for the Gaia archive. The query
goes to its /sync endpoint (TAP 1.1 §2.4), appended after trimming any
trailing /, so pass the base URL even if you know the endpoint.
Use the https:// URL when the service has one. Req follows a 301 or 302
redirect with a GET that drops the query (RFC 9110 §15.4.2, §15.4.3), so a
service that redirects http:// to https:// gets no query, and the
request fails.
SpaceTAP.query(
  "https://gea.esac.esa.int/tap-server/tap",
  "SELECT TOP 3 source_id, ra, dec FROM gaiadr3.gaia_source"
)
#=> {:ok, %SpaceTAP.Result{columns: ["source_id", "ra", "dec"], rows: [...]}}
The result comes as CSV, so every value is a string and an empty cell is
nil (see SpaceTAP.Result). Errors come as {:error, %SpaceTAP.Error{}},
whose :type says what went wrong.
Options
	:maxrec - the maximum number of rows to return, a non-negative
integer. The service may apply a lower limit of its own, and 0
returns the columns with no rows (DALI 1.1 §3.4.4).
	:req_options - a keyword list of options for Req.new/1, such as
:receive_timeout to wait longer than Req's default 15 seconds.
SpaceTAP sets :method, :url, :form, :user_agent,
:decode_body, :http_errors and :into itself, and ignores them
here. Other options go to Req as given, and some change the request:
a user-agent in :headers replaces SpaceTAP's, and :params adds
parameters to the URL.

An unknown option, or a :maxrec or :req_options that isn't what the
list above says, raises ArgumentError.
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The table a query returns: its columns, in order, and its rows.
Each row is a list with one value per column, in the same order as
columns. Results read from CSV hold every value as a string, and an
empty cell as nil: CSV carries no types, and no IVOA standard defines
how it represents NULL.
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          @type t() :: %SpaceTAP.Result{columns: [String.t()], rows: [[String.t() | nil]]}


      


The column names, in order, and one list of values per row.
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The error a query returns, as {:error, %SpaceTAP.Error{}}.
:type says what went wrong:
	:service_error - the TAP service reported that the query failed, for
example because of invalid ADQL or an unknown table, in a VOTable
error document whose query status is ERROR (DALI 1.1 §4.4), or in
plain text with HTTP 400 (DALI 1.1 §4.2). :message is its message,
or says that it had none, since the message is optional (DALI 1.1
§4.4.2). A VOTable error document can come with HTTP 200 as well as
4xx or 5xx (TAP 1.1 §3.3).
	:http_error - an HTTP error status without an error document from
the TAP service, such as an HTML page from a proxy. Plain text with
any status other than 400 is an HTTP error too, because a proxy or
web server in front of the service may have written it, and
:message is that text.
	:transport_error - no response arrived: the connection failed or
timed out, or the redirects never ended. :status is nil.
	:decode_error - a successful response that can't be read as a
result, such as malformed CSV or a format other than the one
requested.

Later versions may add types, so when you match on :type, keep a
clause for the rest.
:status is the HTTP status of the response, and the message starts
with it:
iex> error = %SpaceTAP.Error{type: :service_error, message: "Unknown table", status: 400}
iex> Exception.message(error)
"(HTTP 400) Unknown table"
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        What went wrong. See the module documentation for each type.
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          @type t() :: %SpaceTAP.Error{
  __exception__: term(),
  message: String.t(),
  status: pos_integer() | nil,
  type: type()
}


      


An error from SpaceTAP.query/3, with the HTTP status when a response arrived.
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          @type type() :: :service_error | :http_error | :transport_error | :decode_error


      


What went wrong. See the module documentation for each type.
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