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Scientific use cases

Find a synthetic spectrum of O 9 star

Find a list of properties of halos (masses, positions, velocities) in a LCDM model at z about 3. 

Extract a piece of cosmological simulations around a halo

Preparation of observations : 
Find estimations of line intensities of CO 1-0, 2-1 and 15-14 in a cloud of density of 105 cm-3 
and different illuminations. 

Interpretation of observations
What are the physical conditions in interstellar clouds that reproduce : 
• 1E20 < N(H2) < 3E20 cm-2  
• N(CO) > 2E14
• N(CH+) > 1E14



Simulation Data Model
SimDM : precise description of codes / simulations
• Input Parameters
• Properties
• Statistics
• ...

Descriptions of entities : 
• SKOS concepts
• text fields (names / descriptions)

Specificities of Theory :
• heterogeneous multi-dimensional data / meta-data
• (eventually) voluminous data  (Ex: cosmology > To)
• (eventually) lots of meta-data (Ex: line intensities / PDR > 150 000 columns)

Definition - Properties
Quantity computed at each position / for each 
object in a simulation.
Example : velocity, position, mass
They can be very numerous :
Example : line intensities CO 1-0, 2-1, 3-2, ...



Architecture for Theory services in the VO

Discovery is done in 2 steps : 
• Services discovery
• Datasets discovery

Then we retrieve data : 
• Download
• Extraction of data / cutout
• ...

Metadata
repository

SimDAL Client

DATA

Data operations
preview
download
cutout
...

protocol.xml

experiment.
xml



Step ① : Search using
• tags
• keywords
• concepts (SKOS)

Examples : 
• Search theoretical services about «stellar atmospheres»
• N-body simulations modeling halos

Service discovery

ID of resources
+ matching fields

Metadata of the resource
Format : 
protocol.xml
experiment.xml
project.xml
service.xml

Step ② : Get meta-data
• ID of the resource



Service discovery

SimDB Interface
• Search
• KeywordSearch
• Pages for large number of resources
• Full / Light version of resource descriptions

Comparison to Registry Interface

• For theory, a single resource can produce a large file
   Risk of slow communication client / server

Example :
PDR services (150 000 properties because of line intensities) - Resource description : 30 Mb 

➞	 Need pagination for resources

Registry Interface

• Search ✓

• KeywordSearch ✓

• XQuerySearch ╳
Pages for large number of results ✓

Full description : everything
Light description : no collections

• Collections can be asked later



Implementations

Implementation 
• Free back-end implementations (RDBMS, object oriented DB, ...)
• REST compatible

/protocols List of protocols

/protocols/id meta-data of a protocol

/protocols/light/id Light meta-data of a protocol

... ...

Data exchanged format
SimDM serialization
• protocol.xml
• experiment.xml
• service.xml

Discovery of services
• A few functions as Registry Interface
• Get meta-data Full or Light versions



Implementations of Service Discovery
Example of implementation in VO-Paris

Implementation
• Ingestion in RESTFUL architecture ✓

• Search & KeywordSearch Later
• Output of Search & KeywordSearch Later
• Get Protocol description ✓

• Get Experiment description ✓

• ...
• Output serialization ✓

Standard
SimDB

Project.xml

Not Standardized
Standard
SimDM

Protocol.xm

Experiment.xml

Project.xml

Ingestion
(python)

ETL
(validation)

XML Files with 
indexation

XML Files with 
indexation

(Postgress)

Data view

Text content
* Names
* SKOS
* Descriptions

ID of ressources

API

SEARCH
getProtocol

getExperiment
getProject
getService

Data base
(not necessarily RDBMS !)

REST
Compliant

Protocol.xm

Experiment.xml



Discovery of datasets
Goal : Discover a dataset
At this step of the discovery, numerical values are used

Initial idea : SimTAP

TAP queries on SimDM are complex
SimTAP : pivoted tables to simplify queries 

PubID P4P1 P2 P3

utype

P4

P3

P2

name SKOS

P1

TAP schema

Input parameters in columns

Implementations :
✓ OK for simulations with few quantities  
    (InputParameters, Properties)

╳ But NOT for services with lots of
   Properties / InputParameters

Example : 
Services publishing computed line intensities
PDR : more then 150 000 columns

Tables in RDBMS / SQL too big for efficiency
➞	 Need solution independent of data 
management system

Example : Find stellar spectrum of 0 9 type
                Find halos with mass > X solar mass 



Discovery of simulations
SimDAL
Philosophy 

• Publishers store meta-data as they wish

• Meta-data considered to be stored in virtual tables / VO-Tables
• be able to produce VO-Tables : 
• files as described in VO-DML - utype 

• Interface :Few operations to discover simulations
• Simple REST service end points
• Simple Query Language

PubID P4P1 P2 P3 utype

P4

P3

P2

name SKOS

P1

VO Table - VODML / utype

TAP Schema

{VO-DML
utype

Data

InputParameter values
Statistics values

...



Query Language

“select ... from ... where ...”
field1, field2, ...

votable

constraint1, constraint2, ...

field operator value

{

• Need only select, from and where

What do we need ? 



Datalink
Description of possible operations on datasets

Results of a discovery

URI Download

URI Preview
experiment

URI Cutout

URI of dataset Preview

URI Preview
Project



Cutout
Scientific use cases: ① Extraction in a data(hyper)cube

Cutout

Large volumes of data
Need to extract a piece of the simulation

Simulations can be : 1D, 2D, 3D, other ?
We may wish to extract : cubes, spheres
Need projections in specific directions



Cutout

Scientific use cases : ② Catalogs
Example : radiative transfer
I observed CO 2-1 line intensities between values A and B erg cm-2 sr-1 
what are expected H2O lines intensities ? 

ID CO
1-0

CO
2-1

CO
3-2

CO
4-3 ... H2O

111-000
H2O

110-101
H2O

202-111
H2O

212-101 ...

1

2

3

4

5

...

Note : 

Cutout can be done on 
many properties.

Description of cutout service 
may be big to list all possible 
quantities



Cutout

Requirements : 
• Spatial coordinates are required
• parallelepipedic in x, y, z
• spheres : center + radius
• 1D, 2D, 3D

Questions :
• Are all use cases taken into account in cutout specifications ? 
• How to specify quantities to extract ?
• Where is the description of cutout service ? 

If the list of properties has to be provided in DataLink document => several Mo files

• BUT ALSO non spatial coordinates
• lambda (theoretical spectra)
• x, y, lambda
• time (continuous)
• any quantities

• Need a generic cutout
• Need to specify properties to extract



Exchanged files
Several files have to be shared between Client & Server

• Discovery phase : Service & datasets
Files containing description of protocol, experiment, service, ...
Proposition : protocol.xml, experiment.xml, ...
Advantage : still defined in SimDM

• Data
From download or cutout
Proposition : several formats as VO-Table, HDF5, FITS, ASCII, ...



Example : observations towards HD 102065 

Observed quantities
• Column densities H2, C, CO
•  H2 populations in rotationnal levels
• Line intensity of C+ at 158 μm



VO Table - VODML / utype

...... ...... ... .........

...

...

...

...

I(C)

...

...

...

...

N(CO)

...

...

...

...

N(C)

...

...

...

...

...... ... ......

............

... ...... ...

...... ... ...

PubID N(H2)nH rad N(H)

Example : observations towards HD 102065 
Metadata are stored in virtual tables

SimDAL
Interface

select
from
where

Client



Query:
2.4 1020 < N(H2) < 4.4 1020 cm-2
3.0 1014 < N(C) < 5 1014 cm-2

N(CO) < 1.0 1014 cm-2
2.0 10-6 < I(C+, 158 μm) < 4 10-6 erg s-1 cm-2 sr-1 

Models in agreement with query

Example : observations towards HD 102065 

Datalink



Query:
2.4 1020 < N(H2) < 4.4 1020 cm-2
3.0 1014 < N(C) < 5 1014 cm-2

N(CO) < 1.0 1014 cm-2
2.0 10-6 < I(C+, 158 μm) < 4 10-6 erg s-1 cm-2 sr-1 

Example : observations towards HD 102065 



Interprétation des observations vers HD 102065 

Cutout



Discussions

Queries

Repository : REST compliant and can 
produce .xml (SimDM)

• definition of a few functions 
   (example : get description of protocol)
• Select, From, Where 

Exchanged files

• protocol.xml, experiment.xml, project.xml, service.xml
• Data in any format : VO-Table, HDF5, FITS, ASCII

Cutout

• Is a generic cutout planned (any-dimensional axis) ?
• how to specify the list of quantities to retrieve (and of possibilities) ?

Repository

1 - REST 
Compatible

2 - Can produce 
protocol.xml, 
experiment.xml,

...

VO Table - VODML / utype

SimDAL

------------------- 
Service 

Discovery 
---------------------

SEARCH

getProtocol
getExperiment

getProject
getService

--------------------
Dataset 

Discovery
---------------------

SELECT, FROM, 
WHERE

MetaData / Data

InputParameter values
Statistics values

...

Raw Data

Datalink

Client


