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Simulation data model

SimDM :
® high level DM
® implies that it may be difficult to implement
® put it is general and can cover many categories of simulations

. 2o AL
e iy L KERAL Y
N y

_“/////\ N

-“\\-\\'\.ﬁ, Z
A
.

NN
_ .




4 implementations :
e PDRDB
e Starformat
e DEUVO
* GAVO (G. Lemson)

GAVO example G. Lemson et al. (Mpl - Garching)

Stmulation Database - Browser - 1.0-20110520 -
Browser

SimDB Browser - Home :

Browse Model

Cosmological simulations

s All Resources
+ All Projects
+ All Experiments
& All Simulations
» All PostProcessings
« All Protocols
¢ All Simulators
¢ All PostProcessors
+ All Services
e All SimDALServices
s All CustomServices
e All Partys

Documentation

Browse documentation of the data model.

SKOS Concepts

Browse SKOS vocabularies used in the model.

SQL Interface

Query the SimDM database using ADQL (well, SQL).

XML Validator

Validate an XML document against the data model's XML schemas.
XML Loader

Load an XML document into the database.
Requires a login.

Log management (requires a login!)




PDR database F. Le Petit, D. Languignon, N. Moreau, B. Ooghe, L. Bourgés

http://pdr.obspm.fr

Models of interstellar clouds (micro-physics simulations)

® {emperature,

® apundances of hundreds chemical species : H, Ho, C*, C, CO, H20, ...
® grains properties

® | ines intensities

o

Facilitate interpretations of HERSCHEL and ALMA observations

| Query on P 'S || Query on Column densities || Isocontours

PDR DATABASE PDR T TIPS ENTATION REDIT The simulation resufts can be downloaded below. Data

can be read with the PDRAnalysar ool

line intensities for the whole set of models in a plane gas pressure - intensity of the
ps ntensties are In erg - em® - &7 - er! In each mode, the size of the coud is Ay =
led to avokd any effect of the radiation fizld on the back sile of the cloud on levels

i1 side. AS a CONSequUence, we present only a few lines which intensities are not

cloud.

are computed for a face-on geometry. The interface allow you 1o select an angle up to

ice these iIntensities maps can be downloaded. This gives accoss 1o the full data
as abundances, level exclations ortemperature protiles as a function of positian.

Back1o .

~—r———y G 158um H, - 0:0 S(0)
] angle-00deg 28.220 pm
To query the PDR madels, select first a project and then choose at least one search crteria. 1 angle : 00 deg
Avallable projects : 1 36-05
1 605 —
16-03 —— 1e-05 ——
# H2 farmation on grains sufaces 2011 - PDR models (LH+ER) ?e-g: o ?e-gg —
e-04 —— = e-06 ——
3e-05 —— 3e-07 ——
1e-05 —— 1e-07 ——
select 3e-06 —— 3e-08
1e-06 1e-08
Project chosen : H2 formation on grains surfaces 2011 - PDR models (LH+ER) ;3: ?S:g;’; ?Z:gg
—— 3e-08 3e-10 ——
’ { 1e-08 —— 1e-10 ——
This group of models comespond 1o the PDR models presented in Le Bourlot etal. (2011). The objective is to provide a set of models in which Hy formation istreated in detall by 10f s 107 10°
Langmuir-Hinshewood and Eley-Rideal mecanisms. No othersurface reactions are implemented apart simplified D/HD chemistry. P [em™ K]
This set of models explore the Influence of two parameters, the gas pressure andthe Intensity of the Incident radiation fiekd with P between 10° and 10% em® Kand ¥ ranging from 1 ) i j i y ] | 1emem®s ) Ifemgem™ s s

e

L]
10 10% x Mathis ISRF.
This service provides maps of some intengity lines for different angles ofobgervations of the PDR. It also permits to download individual models used inthe paper.
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J Query on Parameters || Query on Column densities || Isocontours |

Select at least one criteria on parameters
Parameater Possible values User valus

ISRF scaling tactor (Obs. side)- [1,d,7,10,30, 70,100, 300, 700, 1000 , 3000 , 7000 , 1.00x10% , 3.00x10%, 7.00x10% , 1.00x10% , 3.00x10% ,
inttial 7.00x10% , 1.00x10%

Gas pressure 1.00x10% , 3.00x10% , 7.00x10% , 1.00x10% , 3.00x10% , 7.00x10% , 1.00x107, 3.00x107 , 7.00x107 , 1.00x10%

search



http://pdr.obspm.fr
http://pdr.obspm.fr

Starformat

P. Hennebelle, N. Moreau, C.M. Zwolf, B. Ooghe (LERMA, Paris Observatory)

http://starformat.obspm.fr

MHD simulations for the interstellar medium
® density, velocity, magnetic fields, ...

® Dense cores, IMF

® Cooling flows

® MHD + chemistry

Preparation of ALMA observations

SIMULATIONS

The StarFormat DataBase

The StarFormat database contains results of heavy numerical simulations computed in order to study the problem of star formation, essentially molecular cloud forn
evolution and collapse.

Understanding the dynamical evolution of the interstellar medium (ISM) and its relation to stellar birth is a key challenge in astronomy and astrophysics. The STAR FOI
project aims at providing observers and theorists studying formation and evolution of molecular clouds, their morphological and kinematical characteristics, and the forma
stars in their interior with a set of theoretical tools and a database of models to aid in the analysis and interpretation of current and future observations.

The goal of this database is to give access to observers, or more generally to any scientist working on a related field, to the results of these numerical simulations, which col
useful to help prepare or analyze observations.

Available projects:

PROJECT DESCRIPTION
Molecular cloud evolution with

decaying turbulence This project aims at describing the evolution of a turbulent molecular cloud in which the turbulence is decaying.
Barotropic dense core

simulations This project aims at describing the gravitational collapse of magnetized molecular dense cores.

Colliding flow simulations This project aims at describing self-consistently the formation of molecular clouds starting from the very diffuse atomic interstellar mediut

Solenoidal vs. Compressive

Turbulence Forcing This project investigates the influence of different forcing (i.e., kinetic energy injection) on turbulent flows in the interstellar medium.

T —— — — — — ———— —————————— — — — —— — ——————— — —————————_—_ _—_—Ih_—

Snapshots available

t =0.485

MYRS

EXTRACT AND DOWHMNLOAD
SHNAPSHOT DATA

STATISTICS ON ALL CELLS WITH
| Density sz |0 : |

Mean Magnetic Intensity 2,494 microGauss

Mean Density 536.422 cm™d

Total Mass 1.916x10% solar mass

PROPERTY PLOTS
Column Density in XY

e e
e fie

Column Density in XZ

t=1.161 MYRS

EXTRACT AND DOWHMNLOAD
SNAPSHOT DATA

STATISTICS ON ALL CELLS WITH
| Density sz |0 —

Mean Magnetic Intensity 3.812 microGauss

Mean Density 536.422 cm™3

Total Mass 1.916x10% solar mass

PROPERTY PLOTS
Column Density in XY

e [ien
i ke

Column Density in XZ
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DEUVO Y. Rasera, J.-M. Alimi, D. Languignon, B. Ooghe (LUTH - Paris Observatory)

in development

Publication of Grand Challenge cosmological simulations
® DEUSS : up to 9 billions particles

® 50 To of data produced

® Access to halos properties

This project aims at investigating the imprnts of dark energy on cosmic structure formation through
very high resoclution cosmological simulations

Code Cosmology Physics Box Length Resolution
Ramses3 - DEUSS Sugra |Supernovae | 648 com Mpc/h 1024
Lambda Star formation 162 com Mpc/h
Ratra-Peebles Cooling 2592 com Mpc/h
Hydrodynamics
Cravity
Metals

Search matching Simulations

Matching simulations Simulation parameter settings
boxlen648_n1024_sucdmws5, z=-0.000201 Dark energy type 3.00e+0
boxlen648_nl1024_sucdmws, z=0.173073
boxlen648_nl024_sucdmwS5, z=0.245942 Dok ‘energy parameter L0Ge+)
boxlen648_n1024_sucdmws, z=0.425632 Dark energy density 7.50e-1
boxlen648_n1024_sucdmws, z=0.66317 Matter density 2.50e-1
boxlen648_nl024_sucdmwS5, z=0.999815 Bc:ryon density 4.40e-2
boxlen548_nl1024_sucdmw5, z=1.430308 Radiat d t 0.00e+0
hoxlen648_n1024_sucdmws, z=2.329619 adiation density Hle
boxlen648_n1024_sucdmw5, z=3.965984 ns 9.63e-1
sigmaB -7.30e-1
h 7.20e+1
6.48e+2 com
Boxlength Mpec/h
npart_dm 1.07e+9
Lowest AMR level 1.00e+1

Highest AMR level 1.60e+1




Implementations

1 - Mapping of the DM

2 - Set up a relational data base
3 - Set up an ingestion pipeline
4 - Queries

1 - Mapping on the DM

SimDM is an abstract model :
mapping can be difficult

Age

Mass
Rad. transfer




. All concepts
1 - Mapping on the DM (2) P
3+1 Formalism
8-Wave Scheme
Accelerated L.ambda [teration

Mapplng reqUireS training , Adaptive Mesh Refinement

Having several examples in the implementation note can help L
: . : Algorithm
sclentists to do this. Alternating Direction Implicit
BiConjugate Gradient

BiConjugate Gradient Stabilized
Up to now : 2 detailed descriptions in the implementation note Block Based AMR

Bulirsch-Stoer
Cell Based AMR
Cell Centred
Central Difference Scheme
. . . Chebyshev Iteration

SOme pleces Of adVICe . Conjugate Gradient Method
Conjugate Gradient Squared Method
Constrained Transport

® Some SimDM classes have SKOS concepts Coupled Escaped Probability
: Crank-Nicolson
¢ try to map thOse ONnes fIrSt Discontinuous Galerkin

Discontinuous Galerkin methods
Escape Probability

® Do not try to fill the full SimDM T
' . . cxact kadiative 1ransier MVetnod
® Publisher should ask himself how he wishes users Exact Riemann Salver

Extended Finite Element Method
Fast-Multipole Method

discover simulation

List of vocabularies :

Example : if the discovery of simulations is only done with
http://votheory.obspm.fr

Input parameters, it is pointless to fill all the statistics.



http://votheory.obspm.fr
http://votheory.obspm.fr
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2 - Set up a relational database based on SimDM

The creation of the relational data base based on SimDM can be complex

SimDB
Registry (Meta-

Gerard Lemson & Laurent Bourges developed VO-URP
® generate a database from SImDM (UML)
® provides APIs to communicate with the DB
® generates an administrative browser
® provides documentations

XML

It requires time to learn how touse o Al
VO-URP but it is a benefit on the = =1 .. |
long term | L) 3
e 1] (Ui —_ ( )
M . Java Classes

Some tests are done in Strasbourg with Saada



3 - Ingestion pipeline

How to create metadata and store them in the data base ?

® Depending on the code, one can have hundreds or thousands metadata to produce.
® Moreover, if the code evolves frequently, the metadata to store evolves also
(and we do not wish to re-build the database and queries each time ...)

Example : micro-physics simulations
® code computes line intensities
® new lines can be added frequently
® new metadata (properties, statistics, ...)

Generation of metadata :
® after a run of the code
e modifications of the code to generate automatically metadata

Ingestion pipeline
® \When possible the ingestion pipeline should adapt itself to new metadata
e Automatic modification of the DB



3 - Ingestion pipeline

PDR
Code

SimDM
Model Database
Data Metadata )
(FITS) (XML) FileSystem
I_ ______________________________________________________________________________
25 e
A\ | |
----------------- I-- Metadata T [T : :
of properties | i
|
v T i |
| .

Public 1
Extraction —» Mapping —®| Metadata > Website !

|
I

|
|
Values : |
L for : !
A ]
| [}
'“'!

Templates
(XML)

Webadmin

|
| |
| 1
| !
! |
| 1
| I
| 1
| 1
| 1
| !
| I
| 1
|
| 1
| !
| 1
| 1
| I
| 1
: characterisation :
| !
| |
| 1
| |
| 1
| |
| 1
| |
| I
| 1
| |
| 1
| !
! |
| 1
| I
| 1
| |
: Ingestion pipeline I
|

_______________________________________________________________________________

4 - Queries

® Queries can be difficult : hierarchical model - lots of joints
® Optimization of queries required on large data bases (Ex : millions of halos)

Typical queries should be simplified by the access protocol : SImDAL (SimTAP)
(see D. Languignon’s talk)



Complex architecture

Scientist

ORI SimDM \
Project

Provides

Metadata
to describe
the simulation
S
n s 4 Metadata
e-su ts Import BDD
"% ~peline_ Metadata File System
/
\ 4 \ 4
. . ] Web Interface

Implementation of SimDM TAP / SIDER & Services
® the final architecture is a bit complex ...
® requires maintenance I SAMP

® requires evolutions ‘ \
VO-Tools

=> Most evolutions have to be thought from the beginning.



Conclusions

SimDM : high level DM that can cover many different kind of simulations

It is difficult to set up a new service based on SimDM

® Mapping :
® [\VOA can help with a comprehensive implementation note
® Share experiences

Before any implementation future evolutions / maintenance of the services have to be
planned

Discussions in the VO-Theory I.G. :

® \What global architecture for VO-Theory services in the VO ?
e \Which link with the registries ?
® Are SimDBs required ?

® The access protocol (SImDAL) could simplify the implementation

® Answers should be given quickly :
® more and more people want to share simulations

e if we want it is done in a VO context, we have to provide good advices for
iImplementation




