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Abstract

Status of This Document

This is an IVOA Note. The first release of this document was 2006 April 18.

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.

-----------------------------------------------------------------------------------------------------
A list of current IVOA Recommendations and other technical documents can be found at http://www.ivoa.net/Documents/. 
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1 Introduction

In this Note we present questions, wishes and requirements aimed at the IVOA working groups so that theory specific data sets and services can be supported by IVOA standards.

These are the result of a use case analysis that has been performed in the context of the IVOA theory interest group (TIG). 

As the TIG is an interest group, it is by definition not itself responsible for the creation of new standards. Instead it can propose the update of existing or creation of new standards to WG chairs. 

The current list of use cases is published on the TIG’s TWiki pages ( http://www.ivoa.net/twiki/bin/viewauth/IVOA/IvoaTheoryUseCases ).

In this Note we describe a number of these use cases, with emphasis on how they would benefit from standardization in the IVOA context. We then analyze where and how existing standards can be used, where existing standards (possibly
) fail to address the requirements and make suggestions for improvements. We do this by matching components of the use cases to the IVOA working group efforts.

We end with a proposal how to proceed. This will address questions of priority, manpower and organization. 

In the Appendices we present some preliminary thoughts on implementations using standards.

2 Use cases

Here we describe a number of the use cases, their current implementation and the potential use of IVOA standards in their VO implementation. A list of use cases can be found on the TWiki page of the Theory Interest Group (see the introduction for a link). The use cases below are not in 1-1 relation to that list.

In this section we attempt to match the use case to all the working groups (including the aplications interest group). In the next section we list requirements per working group.

2.1 Registration of theory (i.e.non-standard) web forms

Many people have published web pages that do some theoretical simulation/calculation and would like to have these published in the IVOA registry so that users can find their services.

These services themselves are in general not conforming to a standard service interface definition, but many are able to produce results that are completely or partially standardized (VOTable, UCD).

The relevant WGs here seem to be :

· Registry for providing the definitions and means for the actual registration and description of the services. 

· UCD as part of the description will be a listing and description of parameters, which requires UCD support.

· There may be a place for VOTable for returning the result to the user, with emphasis on how to describe the exact provenance of the result (i.e. parameters of the service etc).

· Applications for notifying the community of the existence of the service and potential feedback on it.

On the long term Data Models (DM) for more detailed descriptions of the services. 

Grid/Web services (GWS) is likely not directly relevant as web forms seem not to fall under their domain, their is no SOAP/WSDL description required, and web forms are harder to fit into a workflow.  Though it is ofcourse true that an HTML FORM can be translated into an  HTTP service, the standard HTML result is not well suited for further automated processing.

For these services

2.2 Synthetic spectra

A couple of examples.

2.2.1 Comparison of evolutionary synthesis models

A user wants to compare the results given by different grids of evolutionary synthesis models (produced by different developers/groups) with observational data.

2.3 Theory SkyNode 

Astrophysicists doing simulations wish to publish their results in a VO compatible manner, in this case they wish to make their database of simulation catalogues available for querying via the VO query language, publishing it as a SkyNode. What is required is a specification that includes such datasets and a query language that allows the specifics of theoetical datasets. The datasets will include mock catalogues of observational objects such as galaxies, stars, but also of "unibservable" objects such as clusters extracted from N-body simulations.
2.4 Virtual Telescope

2.4.1  Structure of X-Ray clusters

A user has obtained and analysed a detailed X-Ray image of a galaxy cluster and derived temperature and pressure maps from them (see for example Schuecker et al, 2004). Using locally developed statistical techniques small scale sub-structure is investigated and an interpretation in terms of a turbulent intra cluster medium is proposed. To investigate whether this interpretation is realistic a similar analysis is desired on simulated images. This requires availability of hydro simulations of galaxy clusters with the appropriate physics included and services that can create mock temperature and pressure images from this simulation. For an example of such a service see the GAVO website.
2.4.2 Virtual telescope configuration

This use case describes a distributed workflow where an astronomer aims to reproduce an observation by combining appropriate simulations, visualisation services and virtual telescopes altogether mimicking the real observational configuration. This real observational configuration is assumed to consist of a source, emitting photons, possible foregrounds affecting the photon properties/distribution and a telescope.

2.5 Atomic and molecular databases

2.5.1 Multi wavelength analysis of interstellar clouds

An observer gets reduced spectra at different wavelengths towards a molecular cloud and tries to match these spectra by a physico-chemistry model and a radiative transfer model to get physical conditions in the cloud. He searches the registries to find relevant codes (in this case a PDR code and a radiative transfer code). He sends parameters to the PDR code which computes temperature and abundances at each point of the cloud. These results are send to the radiative transfer code which produces the synthetic spectrum to be compared to the observations. Such codes use a lot of atomic and molecular physical data so the codes are linked to databases providing such quantities to stay up to date.

2.5.2 Physical conditions inside interstellar clouds

An astronomer studies a particular interstellar cloud for which he gathered column densities of some observed atoms and molecules. He searches the registries to find a grid of precalculated results. Registries point towards: a grid of precalculated results from a PDR code, the software aimed to search informations in the grid and the PDR code used to build the grid.

2.6 Intermediate-scale simulations

Description of two examples of intermediate scale numerical simulations of very different astrophysical problems. The first problem addresses the evolution of globular clusters, where the dynamical and stellar evolution is followed for every star in the cluster. The second problem describes the evolution of extragalactic jets, both energetic FRII MHD jets and less energetic FRI MHD jets in clusters of galaxies that form buoyant bubbles in the intracluster medium
2.7 Galactic stellar content simulator

Offer a service which supplies a realistic distribution of the Galactic stellar content in a given sky field.

Once the service is located in a registry, and the description fits the user requirements, the user must be able to supply input parameters (limiting magnitudes, field positions, ...) and then get back observational parameters of a Galactic stellar distribution which can be combined with the output of other simulator(s) and input in e.g. an instrument simulator

2.8 Simulated S-Z effect

This use-case describes one implementation of a set of modular tools for analysing and observing cosmlogical nbody simulations. These 'modules' can be combined sequentially into an Astrogrid style workflow, the input for the following module being the output of the preceeding, or implemented individually returning the results in a standardised format.

Here we describe a work-flow in which these tools are combined to generate simulated Sunyaev-Zel'dovich maps from an n-body simulation, thus producing an output which can be directly compared to 'observational' data. The key underlying requirements are the development of a standard format for simulated data, associated metadata to fully describe the contents of simulated archives and support for theory specific queries in VOQL. This ensure that individual theory service can be applied to both simulated data discovered and retrieved through a theory skynode, or privately owned data uploaded into a online data-storage facility (e.g. myspace) by the user.
3 Requirements per working group

In this section we match the theory use cases to the respective IVOA working groups, to which we add the Applications interest group.

We follow the ordering on the community TWiki page of the IVOA web site ( http://www.ivoa.net/twiki/bin/view/IVOA/WebHome ). The structure is a short introduction of the main reasoning behind the requirements listed in the second section. In the list of requirements we will indicate whether/how existing standards can be used, or describe the perceived lack of support. In the latter case we make suggestions how to fix this.

As a general remark, applicability of existing standards seems to depend often on whether certain purely observational features are required for conformance to the standard, or if they are merely optional. 

In most cases the usefulness of a standard for theory depends on the availability of phenomenological features in the specs, features that address the types of objects, physics etc. This is where observations and simulations can be most easily compared [1]. SSA allows that for example, SCS does not.

3.1 Resource Registry

3.1.1 Introduction
The registry is one of the most important components for the use cases so far, as all datasets and services proposed must be able to be discovered by potential users in the first place.

To do so requires that the registry models and interfaces and implementations based on these, offer support for targeted queries for theory services of interest, we do not want users to be forced to browse through the complete Filtering will necessarily no be based on searching for services implementing a particular standard specification, as such standards do not yet exist.

The standards, either existing or under development, are:

· IVOA Identifiers

· Resource Metadata, including XML schemas. 

· Registry Interface

3.1.2 Requirements

· Allow registration of <FORM> based web applications.
· Allow description of theory datasets

3.2 Content Descriptors (UCD)

3.2.1 Introduction

UCDs provide semantic metadata about simple/atomic quantities. Originally introduced to describe columns in tables, they can be used for quantities in general. In the current context we see a strong relation between the applicability of VOTable and UCD for theory. Tabular datasets can clearly be represented in a VOTable, but the extra metadata capabilities of UCDs make these more useful.

There are three specifications from the UCD working group to date eitehr accepted or in development:

· IVOA standard for uniform content descriptors
http://www.ivoa.net/Documents/REC/UCD/UCD-20050812.html
· UCD1+ controlled vocabulary
http://www.ivoa.net/Documents/REC/UCD/UCDlist-20051231.html
· Maintenance of the list of UCD words
http://www.ivoa.net/Documents/PR/UCDmaintenance/UCDlistMaintenance-20060421.html 

The first deals with the structure of UCDs, the second gives the current list of accepted words, the third with the way in which new words should be proposed and added to the list. Below we list requirements only for the vocabulary, not for the other two. These requirements will mainly be in the form of a request for adding certain words and structures to the vocabulary. 
It was observed (see e.g. the email by Shaw [3] ) that especially for parameters describing the provenance of simulations (initial conditions, computing parameters etc), there is lack of support in the list of accepted UCDs. 

3.2.2 Requirements

· Need new UCD “root” structure below which computational UCDs can be added. Propose: comp . Examples: comp.
3.3  Data Modeling

3.3.1 Introduction

If we want to describe datasets in a properly formal manner, we need appropriate data models. In the IVOA there are two cases where explicit data models are being used, namely the registry resource data model, and the spectral data model to be used in the Simple Spectral Access Protocol. We will mirror our requirements on these two cases. First we will ultimately want a model for describing theory datasets and services in greater detail, that is we want a model for the metadata describing their provenance as well as for characterising their results. This could find a place in a more refined registry and could be used to ask more refined queries of a registry for discovery and retrieval. Second we will want to have metadata for particular data access protocols.

The DM working group has as yet not produced accepted specifications, but some are close:

· Space-Time Coordinates 
Though some support for simulations is mentioned (RELOCATABLE for coordinate origin), goal of specification was observational: where/when/how(what direction etc) was observation made, what is footprint etc.
· Characterization 
How to summarize the spatial/temporal/spectral properties of an observation in increasing levels of detail. The underlying design patterns can likely be adapted

· Spectral Data Model (SED)
Many aspects can be used, in particular the representation of the data itself. The provenance will be different as will be the coverage and such metadata.
3.3.2 Requirements

· We need a data model supporting the SNAP data access protocol discussed elsewhere in this document. Inparticular we ned:

· TBD

· We need to be able to characterise theory datasets in a way similar to the Chractaerisation model for observations that is under development. Specific requirements here are:

· TBD

· We would like to be able to describe synthetic spectra in a manner that is as similar to the SED model as possible.
3.4 Data Access Layer

3.4.1 Introduction
For the purposes of this document we define that DAL deals with protocols for querying and retrieving datasets and prescribing formats for these retrieved datasets. In that respect almost all use cases will have to deal with DAL.

The obvious possible conflict with existing standards (SCS, SIAP, SSAP) is that these have as important query component the indication of a position/area on the sky. This is irrelevant for most theory data products. Though the standards may have relaxed attitudes towards requiring that this positional information be supported, but in any case simulation data products can generally not be classified as sources on the sky, 2D images or 1D spectra.

3.4.2 Requirements
· For easy and early adoption of theory specific VO we propose the creation of a simple data access protocol for rly We want
So first of all we may want new data access protocols that can deal with such datasets. In our first proposal we concentrate on the results of numerical simulations of 3 dimensional space and the objects within it. 

The reason for focusing our requests on this is mainly the interest of active participants to this working group, but also the fact that alternatives (synthetic spectra, atomic databases) are actually almost supported by existing standards (spectra, see below) or are actually already incorporated in existing efforts (DM: atomic/molecular databases, M.L.Dubernet).

3.5 VO Event

3.6 VO Query Language

3.7 Grid & Web Services

3.8 Standards and Process

3.9 VOTable

Data products can not always be (naturally) represented as flat, table-like structures. As example take the halo and galaxy merger trees described in section 2.3. Though in fact those are represented as a table (being stored in a relational database), clearly the important features are the links from parent to children nodes etc. If we want to represent such structures in a table, the metadata must support this.

3.10 Applications

4 How to proceed

This document aims to list requirements at a rather course level of detail. It should suffice to make clear that certain requirements have been identified, but not to specify these in sufficient detail. The next step should be to find volunteers to expand the individual entries. Which of these should be worked on first must be decided. In the end it will likely come down to particular interests of the participants, as much as on the perceived importance of individual items.
4.1 More detailed definition

4.2 Prioritization

4.3 Working group project definition

4.3.1 Organization

Part of greater projects (e.g. theory spectra as part of SSA/SED), or targeted “theory” subprojects ? Latter has advantage that it may lead sooner to results and implementations.

4.3.2 Man power

Likely “members” of the TIG.

4.4 Theory Working Group ?

My vote: no.

Appendix A: SNAP

Laurie

Appendix B: Resource Description of theory web form I

· Smac simulator from http://www.g-vo.org/hydrosims/
· Planck simulator from http://www.g-vo.org/planck/
Appendix C: Resource Description of theory web form II

Frank Le Petit ?

Appendix D: Simulation UCDs

Laurie

References

[1] Gerard Lemson and Joerg Colberg, Theory in the VO, http://ivoa.net/pub/papers/TheoryInTheVO.pdf 

[2] Hanisch, R. (ed.) et al. 2004, Resource Metadata for the Virtual

Observatory, IVOA Recommendation,

http://www.ivoa.net/Documents/latest/RM.html 
[3] Laurie Shaw et al, Simulation data model
[4] Laurie Shaw,  http://www.ivoa.net/forum/theory/0604/0026.htm
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