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Background

• NASA Astronomical Virtual Observatories consists of HEASARC, 
IRSA, MAST, NED, each specializing in different regimes, none 
particularly large (either in bytes or workforce). 

• Vandana Desai proposed in 2017 we teach people how to access 
our archives through Python.  So we had to learn!  And we’ve been 
doing these workshops at most AAS meetings since.   

• All of our archives have VO APIs, and we explicitly wanted our 
methods to be archive agnostic, unlike Astroquery.   

• But PyVO was languishing at the time (i.e., didn’t quite work for us), 
so we started with constructing queries with Python’s requests 
library and writing our own wrappers. 

• In summer 2019, we switched it all over to PyVO, which is fantastic.   

• We think these tutorials should therefore go in PyVO, but we should 
make sure they are the way we want to teach people to use PyVO. 
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Goal today

• Make sure PyVO not only powerful, which it already is, but easy 
to use, which it kind of is.   

• Discuss how to teach our users to use PyVO, i.e. what should be 
the workflow of a standard user, and what functions should be 
most exposed.  
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The PyVO workflow
Whether interactively or running an automated script — and most 
likely, an iterative combination of the two — the basic steps are: 

1. Step I:  search the Registry for services, e.g., offering  
‣ UV images,  
‣ the latest Gaia catalog, 
‣ x-ray spectra,  
‣ etc. 

2. Step II:  ask each service about what it has, e.g., 
‣ is there a Swift UVOT observation of Cen A? 
‣ what information (columns) does Gaia DR2 have? 
‣ is there a Chandra ACIS HETG spectrum for NGC 1365? 

3. Step III: access the data, e.g.,    
‣ retrieve and view the images, 
‣ cross-correlate against your catalog, or  

‣ retrieve and analyze the spectra.  

This isn’t common, because each 
archive is focusing on tutorials 
specific to their archive and 
hardwire the service URLs.  
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Simple example with PyVO

• Let’s find all the available images of M51
Step I:  find services

Step II:  ask what it has

Step III:  get the data

Under the hood (for our reference, not for tutorials or end users to have to know!): 
‣ services: 

- RegistryResults 
‣ services[0]:   

- RegistryResource, with a search() function that exposes the search function and other 
attributes of the underlying class (TAPService, SIAService etc.) 

‣ services[0].service:   
- the service itself, e.g. TAPService 

‣ results:   
- TAPResults or SIAResults etc., containing the returned VOTable 

‣ results[0]:   
- TAPRecord or SIARecord etc. corresponding to a row in the VOTable
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Things to know

• Each archive is responsible for its own backends.  They should 
obey the VO standard, but occasionally there are mistakes. 

- We invite you to contact the archive itself, or file an issue on  
github.com/nasa-navo/navo-workshop if you want us to look into it.   

• Each archive has its own response and uptime issues.  There 
will be servers that sometimes do not respond.   

- Ditto.  Furthermore, for scripting loops over services, do NOT forget to 
enclose each in a try:except so that you can continue to the next.  (And 
log what happens at each step so you can figure out after the fact what 
you got and why.)   

• Each archive is a living archive.  Things change as a function of 
time, so what you did yesterday might not come out identically 
today.  

• The VO is a work in progress (almost by definition), but it is a 
powerful one!   

(?)

http://github.com/nasa-navo/navo-workshop
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Go to NAVO tutorials

• We have developed the following notebooks 
  https://github.com/NASA-NAVO/navo-workshop  

- Download them to run locally and adapt, or  
- view them rendered on GitHub at  

https://nasa-navo.github.io/navo-workshop/   
- run them in MyBinder through link at bottom of GitHub repo page. 

• Contents: 
- QuickReference.ipynb —  example of each type of search; 
- Use Case I — inspecting a candidate list; 
- Use Case II —  preparing a proposal;  
- a set of more detailed cheat-sheets for each type of search; 
- KNOWN_ISSUES.md — list of known oddities/errors/workarounds.  

https://github.com/NASA-NAVO/navo-workshop
https://nasa-navo.github.io/navo-workshop/
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Examples from CDS tutorials:
https://github.com/cds-astro/tutorials/blob/master/Notebooks/

TAP

SSA

Another brief one:  http://exoplanet.eu/API/ (TAP queries)

https://github.com/cds-astro/tutorials/blob/master/Notebooks/
http://exoplanet.eu/API/
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M Demleitner’s tutorial:
 advanced user, some differences, some things to learn

UCDsUCDsRegistry

TAP

Advantage to defining a TAPService instead of 
using the RegistryResource?

DataLink and semantics

Everything SAMP,  SODA;  managing queries;  custom scripts…
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Registry search

Searching?
Other tricks?

Depends on 
metadata 

But thinking about a user browsing this way may make you re-consider how 
you describe your services etc.
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Should region size specifications be standardized?

PyVO SIA uses ‘size’

PyVO SSA uses ‘diameter’

Astroquery API gives two more options

PyVO SCS uses ‘radius’
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Selecting results that we want

This hideous thing gets the row 
of an Astropy Table but not a 

callable SIAResult object
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Table searches

TAPService.tables exposed in RegistryResource?

snip
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Tables metadata

Maybe a describe() method
(like each service and table has)?
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Table example queries
(PR under review)

TAPService.examples exposed in RegistryResource
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Tables queries

Teach sync or async?
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UCDs:  how to motivate and explain their use?
(work in progress, can be very useful)

Using UCDs?
PyVO methods for this in 

pyvo.io.vosi.vodataservice.Table ?
(like fieldname_with_ucd is for *Results)
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DataLink
(work in progress, much more complicated)

Error trapping?  Ugly exception if 
no DataLink defined
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DataLink
(work in progress)

Recursive DataLink walker
in PyVO?  To find certain types of 

data, e.g. with semantics?  
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Other issues

• See  
https://github.com/nasa-navo/navo-workshop/blob/master/KNOWN_ISSUES.md

• (Partly out of date already.)

https://github.com/nasa-navo/navo-workshop/blob/master/KNOWN_ISSUES.md
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