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Motivations
Diffuser des modèles numériques de référence du milieu interstellaire 

➔ modèles calculant la structure chimique et thermiques de régions interstellaires

    Ex : modèles de régions de photo-dissociation, chocs, …


Applications larges

• Milieu interstellaire de notre Galaxie

• Gaz extragalactique

• Disques circumstellaires

• …

Services avancés permettant de répondre à des questions scientifiques

• Interprétation d’observations

• Préparation de campagnes d’observations



Simulations from different teams are published in ISMDB



Model browser



Inverse Search



Solution to the problem

Inverse Search
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1.8 10-7 < I(CO  1-0) < 2.4 10-7 erg cm-2 s-1 sr-1

1.0 10-8 < I(H2  2-0)  < 5.0 10-7 erg cm-2 s-1 sr-1

I(CO 1-0) I(H2 2-0)
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A first interpretation of data is 
delivered instantly, replacing weeks of 
manual work

Observation interpretation

Then, run the codes to refine the result



Technical challenges

Problem
we have +200 000 properties per model -> does not fit easily in traditional SGBD



Storage

Models
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Database

Models

Code

Store  
output files

Meta
data

+ 200 000 
informations to 
characterize 1 
model

How to explain 
that 

I(CO 1-0) = 1E-5 
in NG7023 ?

ISMDB : High dimension database



① Simulation Data Model (SimDM) : 

permet d’associer des métadonnées 
riches aux simulations diffusées

Des services avancés permis grâce à deux éléments

MagicDraw UML, 1-1 /Volumes/Macintosh HD/Users/franck/Astro/OV/VOTheory/VoluteTheory_svn/snapdm/specification/uml/SimDB_DM.xml all 5 oct. 2010 11:52:10
For Non-Commercial Use Only

InputParameter

<<skosconcept>>-label : string [0..1]

Product

-numberOfObjects : integer [1]
<<skosconcept>>-productType : string [0..1]
-accessURL : anyURI [0..1]

ParameterGroup

<<attribute>>-description : string [0..1]{maxLength = -1}
-name : string [1]
<<skosconcept>>-label : string [0..1]

ObjectType

<<attribute>>-name : string [1]{maxLength = 32}
<<attribute>>-description : string [0..1]{maxLength = -1}

<<modelelement>>
Resource

{utype = "Reg:VOResource"}

-name : string [1]
<<attribute>>-description : string [1]{maxLength = -1}
-referenceURL : anyURI [0..1]
-created : datetime [1]

...

RepresentationObjectType

-type : RepresentationObject [1]
<<skosconcept>>-label : anyURI [0..1]

<<dataType>>
Quantity

-value : real [1]
<<attribute>>-unit : string [0..1]{maxLength = 32}

ChildObject

<<attribute>>-name : string [1]{maxLength = 32}
-cardinality : Cardinality [0..1]
-description : string [0..1]

Service

-baseURL : anyURI [1]
-registryId : anyURI [0..1]

TargetProcess

<<skosconcept>>-label : anyURI [0..1]

Party

<<attribute>>-name : string [1]
<<attribute>>-email : string [1]
-address : string [0..1]
-telephone : string [0..1]

TargetObjectType

-multiplicity : Cardinality [0..1] = 0..*
-identityName : anyURI [0..1]
<<skosconcept>>-label : string [0..1]

Algorithm

-name : string [1]
<<attribute>>-description : string [0..1]
<<skosconcept>>-label : string [0..1]

ValidValue

-value : string [1]
<<attribute>>-description : string [0..1]
-title : string [0..1]

Result

<<attribute>>-description : string [0..1]

Field

-name : string [1]
-datatype : DataType [1]
-cardinality : Cardinality [0..1]
<<attribute>>-description : string [0..1]
-isEnumerated : boolean [0..1] = false

Physics

-name : string [1]
-description : string [1]
<<skosconcept>>-label : string [1]

PropertyGroup

-name : string [1]
-description : string [0..1]
<<skosconcept>>-label : string [0..1]

Property

<<skosconcept>>-label : anyURI [0..1]

Snapshot

-time : Quantity [1]
-spatialSizePhysical : Quantity [0..1]

ExperimentRepresentationObject

<<enumeration>>
DataType

complex
datetime

boolean

rational
integer

string

real

StatisticalSummary

-statistic : Statistic [1]
-numericValue : Quantity [1]
-aPriori : boolean [0..1] = false
-stringValue : string [0..1]

Simulation

-executionTime : datetime [0..1]

variance

nominal

median

mode
mean

stdev

value

max
min

<<enumeration>>
Statistic

ParameterSetting

-stringValue : string [0..1]
-numericValue : Quantity [0..1]

<<enumeration>>
RepresentationObject

hierarchical mesh cell
model astro object

extended particle
simple mesh cell

point particle
SPH particle

custom

AccessibleResource

-description : string [0..1]
-accessURI : anyURI [0..1]

-description : string [0..1]

InputDataset

ParameterGroupMember

ProjectResource

PropertyGroupMember

Contact

-role : ContactRole [1]

ExperimentProperty

Protocol

-code : anyURI [0..1]
-version : string [1]

object

<<enumeration>>
Cardinality

0..1

0..*
1..*

1

<<enumeration>>
ContactRole

contributor
publisher
creator
owner

AppliedAlgorithmGenericResult

PostProcessing

AppliedPhysics

CustomService

experiment

SimDALService

PostProcessor

Project

protocolExperiment

simdbdal

Simulator

Target

-protocol

1

-representationObject
0..*

-representation
0..*

-inputData

0..*

-target

0..*

-parameterGroup

0..*

-product0..*

-result
0..*

-parameter

0..*

-parameter

0..*

-objectType 1

{subsets protocol}

-protocol
1

-algorithm
1

-appliedAlgorithm
0..*

-algorithm

0..*

-axis 1

-type

1

-inputParameter

1

{subsets protocol}

-protocol
1

-property

1

-primaryExperiment

0..1

-parameter 1

-resource

1

-physics
1

-product

0..1

-target
0..1

-validValue0..*-propertyGroup
0..*

-property0..*

-characterisation0..*

-resource1

-contact
1..*

-child
0..*

-appliedPhysics
0..*

-property
0..*

-property

1

-resource0..*

-member 1..*

-object

1

-resource 1..*

-physicalProcess1..*

-member1..*

-party
1

② Technologies pour manipuler des 
métadonnées de grande dimensions 

(solutions classique de type BDD 
relationnelle ne fonctionnent pas)



Model we want to explore

Inverse Search



Model viewer



Web 
Model 

browser

IDAT : Browse the content of a model
Models compute thousand heterogeneous quantities

➔ neet dedicated tools to explore the content of models and extract interesting quantities 

IDAT

Retrieve the full 
content of the models



IDAT : explore the content of models



IDAT : explore the content of models

Download data Visualize data



IDAT : explore the content of models



HCO+

Chemistry analyser : Analyse the reactions



Web 
Model browser

IDAT

Web 
Inverse Search

Chemistry 
Analyser

New functionalities in 2025

API



Web 
MapFit

ISMDBClient 
(Library)

New functionalities in 2025

• MapFit : interpretation of maps

• Access to ISMDB via python notebooks (or clients)

Web 
Model browser

IDAT

Web 
Inverse Search

Chemistry 
Analyser

API



Orion Molecular Cloud 1

MapFit
New tool for inverse problems on hyperspectral maps

(IRAM, JWST, MUSE, …)

Observed lines

① Provide the line observation maps to ISMDB


② ISMDB returns the maps of the physical 
parameters that explain the observations



MapFit

UV intensity chi2





Inversion classique

Inversion bayesienne - régularisation spatiale





Inversion classique

Nouvelle méthode  
bayesienne 
(NNBMA + Beetroots)

Inversion bayesienne - régularisation spatiale



Up to now : web applications 


Advanced users want more flexibility

➔ python notebooks to interact with ISMDB

pyISMtools

A 
P 
I

IDAT
PyISMTool 
Jupiter notebook 

ISMDBClient 
(Library)

Procedures to 

Fit model to observations


to find best model

Jupyter notebook 
to query ISMDB



Example :  
Get some H2 line intensities in 
all models of a grid





Web 
MapFit

ISMDBClient 
(Library) 

Where we go

Web 
Model browser

Web 
Inverse Search

Chemistry 
Analyser

API

SimDAL API

SimDAL Client

IDAT



Clients 
(Ex: CASSIS)

Towards a common interface to access all theoretical databases

ISMDB POLLUX

GALACTICA

Python 
notebook

SimDAL 
Client library

SimDAL API

SimDAL API


