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Abstract 
 
Structured outline of UCD and Standard Vocabulary requirements for simulated 
data. 
 
 
 



Status of This Document 
This is an IVOA Note expressing suggestions from and opinions of the authors. It 
is intended to share best practices, possible approaches, or other perspectives 
on interoperability with the Virtual Observatory. It should not be referenced or 
otherwise interpreted as a standard specification.
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1 Introduction 
 
The purpose of this note is to outline the UCDs and various candidates for the 
standard vocabulary that will be required in order for a data or software provider 
to register a simulation data-set or snip of simulation code in the VO. Based on 
initial work on a Simulation data model, we have defined a set of categories, 
each of which represent an aspect of either a piece of simulation code or dataset. 
Some categories require just a single numerical or Boolean character, a string or 
URL specific to the context, to represent. Others might need more generic 
description taken from the IVOA standard vocabulary. For these we list the 
concepts, but do not attempt to define UCD type suggestions as the exact 
construction of Standard Vocabulary words is still to be determined. However, 



UCDs need to exist for the categories themselves – for these, we suggest 
appropriate existing UCDs or propose new ones.  

2 List of Categories 
 
Following the Theory Interest Group meetings at the interop in Victoria, a list of 
categories was constructed to describe the different components for simulation 
code/dataset metadata. Some of the categories below are relevant only for 
simulation data or codes. Indeed, if the simulation code used to generate a 
published dataset is itself published, then part of the metadata for the dataset 
may just point to that for the code. Categories marked with (c) are code specific, 
those with an (d), data specific. Those marked with both d & c are either relevant 
for both, or are required for datasets when the simulation code itself is not 
publicly available. 
 
(d)  Name of Dataset 
(d,c) Name of the developer/team/contact 
(d,c) Name of Code 
(c) Version of Code 
(d,c) Description of the code (text) 
(d,c) Physical Context 
(d,c) Physical Context 
(d,c) Subject(s) 
(d,c) Algorithm 
(d,c) Time evolution 
(c) Protocol 
(c,d) Result format 
(d) Results Parameters 
 
Below is a description of each of the above. Categories have been grouped 
according the aspect of the simulation data or code they describe. For each 
category a UCD label is suggested, and also sample entries – or concepts that 
must be covered –  in the standard vocabulary are listed. 

3 Basic Attributes 

3.1 Name of Dataset, developer/team/contact 
 
These are as for observational data. 

3.2 Name of Code 
 

Description: Name of code used to generate a particular dataset 
UCD       : meta.id;comp.code 
List       : no 



Examples  : Gadget, Cloudy, Zeus 
 
The content of this category can consist of either the name attributed to the code, 
especially (in the case of data) if the code is published in the VO. For 
unpublished codes it could consist of a reference to a paper or webpage where 
the code is described or available for download. No additions to the standard 
vocabulary are required here. 
 

3.3 Version of Code 
 

Description : Version number of the code.  
UCD           : meta.version 

This is only required when the same piece of code is updated in a minor way. 
Hence, if the operation or purpose of the code changes signifcantly, i.e. Gadget 
to Gadget 2, then it should be registered as a new code seperately.  
 

3.4 Description of Code 
 

Description : ASCII text describing code / simulation results 
List       : no 
UCD           : meta.note 
 

(plain text description of code) 
 

4 Physics of Code 
 
This section refers to the physical theory contained within the code. 

4.1 Physical Objective 
 

Description: general keywords to give a short description of the 
phenomenon being simulated 
UCD          : phys.process;comp.sim;meta.main  [might need a better 
suggestion] 
List      : Yes 
Examples  : Galaxy/Planet/Galaxy Formation, Stellar evolution 
 

Purpose is to give a general indication of overall phenomenon that is being 
simulated, or the physical objective. What are we trying to simulate?  Aim is to 
provide an umbrella term for the collection of physical processes (see below) that 
are modeled or simulated. 
 



Standard Vocab concepts here 
 

• Star formation 
• stellar evolution 
• stellar population synthesis 
• large scale structure 
• galaxy formation/mergers/evolution 
• etc (many more. See http://www.blackwellpublishing.com/pdf/mnraskey.pdf) 

 

4.2 Primary Physical Processes  
 

Description: list of the main physical processes that are accounted for in the 
simulation 
UCD      : phys.process;comp.sim [laurie: not sure about this either] 
List       : Yes 
Examples  : GR, gravitational dynamics, radiative transfer 
 

This category is used to describe the level of detail in which the phenemonen in 
the Physical Context category is investigated. Allows a user to determine the 
level of physical detail the simulation achieves. Does it account for this/that/etc? 
Consists of a list of words chosen from the standard vocabulary. 
 
 
Standard Vocab words required:  
 

• radiative transfer  
• gravitational dynamics (collisional/collisionless) 
• GR  
• hydrodynamics  
• fluid dynamics  
• plasma physics  
• magneto-hydrodynamics  
• photoionization  
• photodissociation  

 

4.3 Subject 
 

Description: General keywords describing the main type of object being 
simulated 
UCD          :  object;meta.main  

http://www.blackwellpublishing.com/pdf/mnraskey.pdf


List            :  Yes 
Examples  : star, neutron star, dark matter halo 
 

Words from the standard vocubulary to describe all the (astrophysical) objects in 
the simulation (or these could also be UCDs in a new ‘object’ branch): 

• object.     
• object.star 
• object.galaxy 
• object.disk 
• object.planet 
• object.halo 
• object.quasar 
• object.molecularcloud 

 
 
Standard Vocab words required 

• star  
• stars  
• stellar clusters  
• galaxy  
• halo 
• volume of space  
• accretion disk 
• jet  
• interstellar medium  
• molecular cloud  
• atmosphere (of planet, exo-planet, star...)  

 

5 Code Operation 

5.1 Algorithm 
 

Description: this is purely to describe the numerical procedure being used 
to evaluate the physical processes being simulated. 
UCD          : comp.alg 
List      : yes 
Examples  : Nbody, sph, amr, tree 
 

This needs to be kept extremely general, otherwise the number of possibilities 
increases uncontrollably. There are many many minor variations of the same 
algorithm or approach and it will be almost impossible to maintain a complete list 
in a standard vocabulary. Can not be described to an acceptable degree using a 
few keywords – need reference to a paper, etc.  Include at most the main 



variations of mesh (adaptive mesh, etc) and Nbody (tree, particle-mesh).  Note, 
tree-particle-mesh could be described by listing both the “tree” and “particle-
mesh” SV words. 
 
Standard Vocabulary Entries: 
 

• nbody  
• mesh  
• collisionless  
• eulerian grid  
• lagrangian grid  
• tree  
• adaptive refinement mesh  
• adaptive refinement tree  
• sph  
• particle-mesh  
• particle-particle 
• fokker-planck codes  
• vlasov solvers  
• orbit solver  
• Friends-of-Friends 
• Denmax 

 

5.2 Time Evolution 
 

Description: flag indicating whether the code is time dependant (i.e. evolves 
a system with time), or is stationary 
UCD          : comp.sim.timeEvolution 

         List       : yes – two possiblities (yes/no) 
 

5.3 Protocol  
 

Description: if a code is parallel, gives the protocol used 
UCD       : comp.protocol 
List         : yes 
Examples   : OpenMP, MPI,  
 

Decribes type of parallelisation – useful for grid and webservices group? 
 

6 Results Metadata 
 



6.1 Type of Result 
Description: give the type of result produced by simulation 
UCD          : meta.id 
List            :  yes 
Examples  : spectra, object catalogue, statistics, fit parameters, raw 

particle/grid data  
 

Gives an indication of the type of output produced by a simulation – is it raw 
unprocessed particle data, or mock images/spectra or a halo catalogue from FoF 
etc. 
 
SV entries: 
 

• snapshot  
• animation  
• table  
• FITS  
• catalogue of objects  
• statistics of objects  

6.2 Results Formats 
 

Description: output format of the results type 
UCD          : meta.format? 
List       : yes 
Examples  : ASCII, binary, hdf5, fits, jpeg, etc 
 

So the user knows what tools to use to obtain/analyse the results  
 
 

6.3 Algorithm Parameters 
 

Description: simulation parameters used to generate results 
UCD          : comp.sim.params;comp.alg 
List      : yes 
Examples   : number of particles, box size 
 

Difficult to know how to deal with this information, as it contains key information 
that determines how relevant/accurate data is. Will come from a standard 
vocabulary, however it might be nice to have UCDs for the more general ones: 
 

• comp.sim.boxsize (Simulation box) 
• comp.sim.gravsoft (gravitational softening) 



• comp.sim.particles (simulation particles) 
• comp.sim.snapshot (output of a simulation box) 
• comp.sim.mesh (simulation mesh (for hydro simulations)) 

. 
So that we could have 
 

• meta.num;comp.sim.particles 
• meta.num;comp.sim.grid 
• phys.mass;comp.sim.particles 
• phys.size;comp.sim.gravsoft 
• phys.size;comp.sim.boxside 

 
 
Alternate SV words required: 

• number of particles (of different types, where relevant) 
• particle mass 
• mesh size  
• gravitational softening  
• box size  
• timestep  
• distance to the observer  
• smoothing length 

6.4 Physical Parameters 
 

Description: physical parameters used to generate results 
UCD          : comp.sim.params;phys 
List      : yes 
Examples   : number of particles, box size 
 

Same as above, but for input physical parameters to simulation. Should really be 
UCDs for all this, e.g. 
 
phys.cosmology  (cosmology) 
phys.cosmology.omega  (matter/energy density of universe) 
phys.cosmology.hubble  (hubble constant) 
phys.cosmology.sigma8  (Normalisation of matter power-spectrum) 

and also (maybe from the standard vocab):  

phys.matter.dark  (dark matter tag) 
phys.matter.baryon  (baryonic matter tag) 
phys.DarkEnergy  (dark energy tag) 
 

So, Omega_Lambda, Omega_DM, Omega_baryon would be  



phys.cosmology.omega;phys.DarkEnery, 
phys.cosmology.omega;phys.matter.dark 
phys.comsology.omega;phys.matter.baryonic 



List of Suggested UCD Candidates for Controlled Vocabulary 
 

‘comp’ branch  
 
Q comp.    [computational astrophysics branch] 
P comp.protocol   [parallelization/grid protocols] 
P comp.alg    [algorithm] 
Q comp.sim [simulation (to distuguish between 

simulations and post-processing of obs] 
P comp.sim.params [simulation parameters, technical or 

physical] 
P comp.sim.timeEvolution  [time evolution tag for sims] 
 
and possibly also 
 
P comp.sim.boxsize    [Simulation box side length] 
P comp.sim.gravsoft    [gravitational softening) 
S comp.sim.particles     [simulation particles, for mass, number of, etc] 
S comp.sim.mesh  [simulation grid (for mesh size, number of mesh 

points] 
 
 

‘object’ branch – though more likely this is just in the standard 
vocab 
 
Q object.    [astrophysical object] 
Q object.star 
Q object.galaxy 
Q object.disk 
Q object.planet 
Q object.halo 
Q object.quasar 
Q object.molecularcloud 
Q etc 
 
 

others 
 
Q phys.process [a physical process UCD for simulations, 

which allows a description of what is 
being simulated] 

 
P phys.cosmology  [cosmology] 
P phys.cosmology.omega  [matter/energy density of universe] 
P phys.cosmology.hubble  [hubble constant] 
P phys.cosmology.sigma8  [Normalisation of matter power-spectrum] 

and also (from the standard vocab):  

S phys.matter.dark   [dark matter tag] 



S phys.matter.baryon   [baryonic matter tag] 
S phys.DarkEnergy   [dark energy tag[ 
 

So, Omega_Lambda, Omega_DM, Omega_baryon would be  

phys.cosmology.omega;phys.DarkEnery, 
phys.cosmology.omega;phys.matter.dark 
phys.comsology.omega;phys.matter.baryonic 
 
 
meta.format [enables output format of a simulation to 

be labeled] 
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