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Agenda

e Introduction to PyVO

e Synchronous TAP queries on three services

e Asynchronous TAP queries and SED selection
e Search and receive spectra

e Get PyVO

The full source code for the programs discussed here is also available as an attachment in this pdf.
One way to retrieve them is to get pdftk (there's packages for it for Debian-derived systems), run
pdftk pyvo.pdf unpack_files. Other PDF tools may also support attachments; in Adobe's
proprietary Acrobat Reader 9, for instance, attachments can be retrieved through the paperclip
icon in the lower left corner.

2. What’s PyVQO?

Astropy affiliated package for accessing Virtual Observatory data and services.
PyVO provides APIs for:
e Simple Image Access (SIA)
e Simple Spectral Access Protocol (SSAP)
Simple Cone Search (SCS)
Simple Line Access Protocol (SLAP)
Table Access Protocol (TAP)*

Simple Application Messaging Protocol (SAMP)*

3. The Use Case

Integrate results from potentially lots of different sources.
The example: Take photometry from three catalogs from three services using TAP.
Use different methods:

e Synchronous Queries + SAMP

e Asynchronous Queries combined with , your" code

e Search for Spectra
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Fig. 2
4. Synchronous Queries!

(cf. Fig. 1)

5. Run Queries and Use SAMP

Running the queries and sending the results to TOPCAT is actually close to trivial with a bit of
support code:

(cf. Fig. 2)

N Note: ,,with” does ,,context managers"; these are a python trick to ensure programs clean up
after themselves (, maintain external invariants"). Use them whenever you can, your code will
become much more robust.

vohelper is a bunch of python functions you'll find linked from at the end of this document. The
U same goes for all the code we're running here for re-use.
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6. Asynchronous Jobs and ,,your* code

When doing a lot of queries or long-running queries, it may be a good move to run them
asynchronously and in parallel. We will

e run Asynchronoues Jobs on three services,

e use your code to cluster the received positions,
e build SEDs,

e plot SEDs and select objects of interest.

Given async is a fairly complex pattern and this kind of orchestration is fairly advanced, the
actual code is quite simple.

7. Asynchronous Jobs continued

Create jobs, start them, memorize short names and jobs:

(cf. Fig. 3)
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8. Asynchronous Jobs continued

Then poll the status of the jobs until all are done:
(cf. Fig. 4)

We're using a bit larger cones now. Nnote that for VizieR, right now there are relatively tight
limitations on the result size.

The warnings are caused by botched metadata. We'll have to fix it later in our code. Whenever
you notice bugs like this, please complain to the providers.

9. Combine with ,,your“ Code

The cool thing about doing this in python is that you can easily do your own logic now.

Here: Cluster our data by position and use the photometry from the different tables for our
SEDs. Then, display the curves and let the user interactively select ,,interesting” cases.

Prerequisite for crossmatching: make ,,points”. In Astropy, you can do vector-computing, numpy-
and matlab-style. Plus, thanks to UCDs, you don't have to figure out the names of the positional
columns manually:
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10. Cluster by Position

Get coordinates through UCDs:
(cf. Fig. 5)

You can see how annoying it is if people don't follow standards, in this case in the units — ugly,
special-cased code. Complain to the data providers if you see this kind of thing (,,virtuous cycle”
where people increasingly see the right thing and therefore do the right thing)

11. Build SEDs

We then compute (table, index) pairs of rows that need to be combined (use your favourite
clusterer instead of the ad-hoc n-way crossmatch we've included in vohelper). When we have
those, we build our SSEDB from a sequence of rows that should belong together.

Get magnitudes through UCDs (and workaround):
(cf. Fig. 6)

Again, workarounds because people strech standards: force_scalar is because VizieR has arraysize=1J}
for scalars (bug reported, being fixed) and astropy interprets that as producing arrays (nobody
else does, this is a bug in progress).
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Also SDSS has wrong and bad UCDs, so we have to manually translate them to proper UCDs
U from their column names. Not reported, this is something astronomers need to complain about.

12. Build SEDs continued

n Also, no good, interoperable way to precisely annotate broadband photometry (, photometry
DM*; DM efforts in the VO always take a lot longer than one can imagine). Hence, we're happy
with a rough qualification:

Mapping UCDs to band width:
(cf. Fig. 7)
N You'll see that we're mapping both SDSS i and z to em.opt.i. Yeah, sucks. Of course, you can

improve on this by using domain knowledge about SDSS, but that's not our point here. We, we
U want interoperable annotation of photometric bands for all/most resources.
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13. Plot SEDs

Use matplotlib to select SEDs of interest.
(cf. Fig. 8)

14. Save selected Positions

Make a votable from the selected positions.
(cf. Fig. 9)

Don't try to save time by skipping proper annotation with units and UCDs — you'll regret it later,
and your colleagues will, too. P

15. Overview

e Little more than 200 lines of code
e .. of which almost half are workarounds for interoparability bugs (sigh).

Imagine how great things will be when people will have embraced interoperable services and
annotations.
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16. Looking for Spectra

SSAP is the VO protocol to access spectra. Hence, it only lets you access one object at a time,
which is kind of tedious. Let's use obscore instead. Luckily obscore is just TAP with a special
table structure. It's good to find spectra, cubes, timeseries, etc.

e Search for obscore services
e Use TAP upload to search to collect spectra
e Send spectra to SPLAT

You can query all Obscore services (essentially) in a uniform way.

17. Query the registry

First query the Registry for all Obscore services:
(cf. Fig. 10)

18. Collect Spectra

Collect spectra and send them to SPLAT to display and investigate
(cf. Fig. 11)
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19. Collect Spectra continued

The TAP upload query:
(cf. Fig. 12)

20. How to get PyVO

pip install pyvo
Credits go to:

Markus Demleitner & Stefan Becker (both ARI)
Thank you for your attention.
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