Implementing the Simulation Data
Model (SNAP DM) for Horizon Halo &
Galaxy catalogs (Galics ...)
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Presentation Agenda

Horizon catalog database
Horizon schema
First implementation of the SNAP DM (demo)

New database schema (SNAP compliant) :
metadata & data (many runs)

SNAP DM changes
Questions ?



Horizon catalog database 1/2
Description

« Various kind of particle simulations (SNAP Level 0) :
gallcs, mare nostrum ...

« Several post processing softwares :
— Halomaker (v1, v2)
— Treemaker
— Galaxymaker
— GalaxyFinder (mare nostrum)
— MoMaF (light cones)

=> Existing database & web application (mysql 5,
tomcat) with a fully normalized schema (JPLF)




Horizon catalog database 2/2
Schema Description

« Particle simulations : parameters

« Halo catalogs : properties, tree (parents & children for
every halo)

« (Galaxy catalogs : properties, parent halo, sub
components (bulge, burst, disc)

« Magnitudes computed for many filters for each galaxy
component

« Light cones

Content : only 2 galics test simulations (light &heavy)
with halos, galaxies & magnitudes




Horizon database Schema

galaxy_component_properties
'id int unsigned
galaxy_id int unsigned
component enum (5)
lyman_alpha_luminosity  float (12)
mass_of_baryons float (12)
P mass_of_cold_gas float (12)
mass_of_stars float (12)
‘id int unsigned mass_of_metals_in_cold_gasfloat (12)
right_ascension float (12) size float (12)
declination float (12) velocity float (12)
2perture floatlcl2) dynamical_time float (12)
x float (12) star_formation_rate double (22)
y float (12)
z float (12)
Y
galaxies
galaxy_apparent_properties - id int unsigned
‘id int unsigned halo_id int unsigned
cone_id int unsigned number int unsigned
galaxy_id int unsigned daughter_id int unsigned
right_ascension float (12) at_left int unsigned| ¢ |
declination float (12) at_rite int unsigned
apparent_redshift  float (12) orbital_radius float (12)
distance_redshift float (12) inclination float (12)
luminosity_distance  float (12) disturbance float (12)
x float (12) nb_of_merging_events int unsigned
v float (12) birth_time float (12)
z float (12) ir_bolometric_luminosity float (12)
lyman_alpha_flux float (12) bolometric_luminosity  float (12)
b2d_luminosity_type  char (3)

cosmologies

halo_ascendances
‘id int unsigned
halo_id int unsigned
_id int
halo_descendances
cid int unsigned
halo_id int unsigned
descendant_id int unsigned
halos
‘id int unsigned
container_id  int unsigned

simulation_id smallint unsigned

number int unsigned

properties_id int unsigned

galaxy_apparent_magnitudes

v id int unsigned
properties_id int unsigned
filter_id smallint unsigned
magnitude float (12)

v

filters -
galaxy_component_magnitudes
vid smallint unsigned 5 . .
' id int unsigned
name varchar (20) . N i
galaxy_id int unsigned
magnitude_type varchar (10)
- component enum (5)
region varchar (30) TR . .
filter_id smallint unsigned
instrument varchar (20)
magnitude float (12)
spectrum varchar (80)

Galaxies

halo_properties

int unsigned

timestep smallint unsigned
nb_of_galaxies int unsigned
virial_mass float (12)
virial_radius float (12)
virial_temperature float (12)
mass_of_hot_gas float (12)

mass_of_metals_in_hot_gas float (12)

mass_of_cold_gas

float (12)

mass_of_metals_in_cold_gas float (12)

mass_of_stars float (12)
mass_of_metals_in_stars  float (12)
x float (12)
y float (12)
z float (12)
velocity_x float (12)
velocity_y float (12)
velocity_z float (12)
angular_momentum_x float (12)
angular_momentum_y float (12)
angular_momentum_z float (12)
potential_energy float (12)
kinetic_energy float (12)
total_energy float (12)
spin_parameter float (12)

Halos

cid smallint unsigned
name varchar (20)
omega_matter double (22) power_spectrums
omega_lambda double (22) o id smallint unsigned
omega_curvature double (22) —> name varchar (20)
omega_baryons  double (22) type varchar (80)
HO double (22) wave_number double (22)
sigma_8 double (22) power double (22)
primordial_index  double (22)
power_spectrum_id smallint unsigned
description varchar (256)
code_parameter_sets
' id smallint unsigned
name varchar (20)
version varchar (10)
accreted_fraction float (12)
radiation_efficiency float (12)
alpha_QsO float (12)
simulations flyby BIT
v id smallint unsigned flyby_efficiency float (12)
name varchar (20) star_formation_efficiency float (12)
creation_date datetime beta float (12)
author varchar (80) epsilon float (12)
number_of_dark_matter_particles int unsigned psi float (12)
box_size int unsigned chi float (12)
spatial_resolution double (22) upsilon float (12)
code_name varchar (80) initial_mass_function varchar (20)
parameters_id smallint unsigned reheating_factor float (12)
cosmology_id smallint unsigned 2_reionisation float (12)
description varchar (256) alpha_reheating float (12)
sn_aggressive BIT
column_density_thresholdfloat (12)
dual_imf BIT
boxes tdyn_threshold float (12)
mass_cut tinyint unsigned
4o Ingiprislancy mass_limit float (12)
simulation_id smallint unsigned| 2_limit float (12)

timestep

redshift

age_universe

distance
mass_of_baryons_in_halos
mass_of_dark_matter
mass_of_stars
mass_of_baryons_in_galaxies
mass_of_cold_gas
mass_of_metals_in_cold_gas
mass_of_hot_gas
mass_of_metals_in_hot_gas
nb_of_halos
nb_of_halo_merging_events
nb_of_satellite_merging_events
nb_of_dfd_merging_events
nb_of_major_merging_events
nb_of_minor_merging_events
nb_of_galaxies
nb_of_formed_galaxies
nb_of_unstable_galaxies
nb_of_lost_galaxies
star_formation_rate

smallint unsigned
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
double (22)
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
int unsigned
double (22)
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Horizon SNAP Implementation 1/2
Mapping entities
SNAP DM (2/10/2007 version)
« 2 protocol instances : halomaker, galaxymaker

* One SnapPostProcessing instance per run

* Representation Objects :
— Halomaker : Halos

— Galaxymaker : Galaxies, Galaxy Bulge, Galaxy Burst,
Galaxy Disc

Many properties (see demo)
- Characterisation : min / max / mean / stddev
- Target Objects : in discussion with Gerard
- Parameters, PhySiCS & Algorithms . waiting for Jeremy

Solution : postgres 8.x, Java 5 (JPA, tomcat) : data
loader & web application (SNAP DM browser)




Horizon SNAP Implementation 2/2

Demo & Problems

e Demo : http://horizon-vo.univ-lyon1.fr:8080/HorizonSNAPWeb/

 Problems:
— Need property groups & avoid duplication

— Missing meta data in existing database schema (parameters
for each run)

— Database loading uses XML files (hard to generate)

— Queries are complex & slow : many joins on big tables
(magnitudes)

— 8 Gb for 1 big run of galaxymaker (magnitudes : 7 Gb)

=> Partitioning is required to store different runs in
different tables to allow table scans & have less
records

= New optimized schema




New database schema
Description

« 3 schemas instead
— SNAP DM (meta data)

— Data (runS) package SNAP Simulation Data model[ | 2 hnriznnDbu
— MyDb (users) —
MetaDataSchema| ES—
« SNAP DM is useful to provide
documentation too (run B 2.
pipeline, objects, properties) oo
I‘-‘I_|Db5h
« Each run has its own table : T e o,

— Table scan are possible

— Jeremy can add properties,
Indexes ...




|deas for halo catalogs

package SNAP Simulation Data model| hzHalos U

[,

MetaDataSchema

DataSchema

haloMaker

experiments SNAPExperiment
ST e Not accurate
T SMNAPPostProcessing
SNAPSimulator
-snapshots GroupDetection
halomaker
Snapshot parameters
-publisherDID : string ‘T
~time : Quantity s !
A . ~|-spatialSizePhysical : Quantity HaloGroupDetection haloParameter
jouter :
redshift
timestep
direct link | _|association au
_— — — — - — — — — 1 dsnapshot/ e e e — — A _y_ _ _
experiment
haloTree !
halos Halo trees : |
g ~-in halos table ?
. . -id : integer - in specific |
Main properties : _|-w: float table 7
most used -y : float haloProperties : |
time step ? -z : float , |
y s -aux properties .| |
proper Other properties |
tless used |
|
haloView !
View with all -
properties tahles.must have |
a prefix to |
indicate the
Experiment |

_—_—— — — —- — — — — = = —

Modelling ideas
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Prototype for halo & galaxy catalogs

topheavy_burst_magnitudes
galaxy_id INT UNSIGNED
mag_GFHTLS G FLOAT (12)
mag_CFHTLS | FLOAT (12)
::‘«:—gm:—s g "12 topheavy_disc_magnitudes topheavy_galaxy_magnitudes
mag_GFHTLS.Z FLOAT (12) INT UNSIGNED galaxy_id INT UNSIGNED
mag F300W FLOAT (12) FLOAT (12) mag CFHTLS G FLOAT(12)
mag F450W FLOAT (12) FLOAT (12) mag_CFHTLS I FLOAT (12)
mag_FB06W FLOAT (12) mag_CFHTLS_R FLOAT (12) mag_CFHTLS_R FLOAT (12}
mog_FB14W FLOAT (12) mag_CFHTLS_U FLOAT (12) mag_CFHTLS_U FLOAT (12)
mag_FUV_galex FLOAT (12) mag_CFHTLS 2 FLOAT (i2) mag_CFHTLS Z FLOAT (12)
meo_FUV_galex En  FLOAT (12) mag_F300w FLOAT (12) mag_F300W FLOAT (12)
mag_IRAS_100mic FLOAT (12) mag_F450W FLOAT (12) mag_F450W FLOAT (12)
e Traaliage! | Floktpe) mag_F06W FLOAT (12) mag_F606W FLOAT(12)
mag_IRAS_25mic FLOAT (12) mag_F814W FLOAT (12) mag_F814W FLOAT (12)
mag_IRAS_60mic FLOAT (12) mag_FUV_galex FLOAT (12) mag_FUV_galex FLOAT (12)
" mag_FUV_galex En  FLOAT (12) mag_FUV_galex_En  FLOAT (12)
i oD topheavy_disc ey
mog_JOHNSON_KAB  FLOAT (12) galaxy_id INT UNSIGNED. mag IRAS 12mic  FLOAT (12) meg IAAS 12mic  FLOAT(12)
mag JOHNSON UAB  FLOAT (12) lyman_alpha_luminasity FLOAT (12) mag_IRAS_25mic FLOAT (12) mag_IRAS_25mic FLOAT (12)
v FLOAT (12) mass_of_baryons FLOAT (12) mag_IRAS_60mic FLOAT (12) mag_IRAS_60mic FLOAT (12
mog_NUV_galex_En  FLOAT (12) mass_of_cold_gas FLGAT (12) mag_JOHNSON_BAB  FLOAT (12) mag_JOHNSON_BAB  FLOAT (12)
mag_PLANCK_350mic FLOAT [12) mass_of_stars FLOAT (12) mag_JOHNSON_IAB  FLOAT (12) mag_JOHNSGN_IAB  FLOAT (12)
mog_PLANCK_880mlc FLOAT (12) mass_of metals._in_cold_gas FLOAT (i2) mag_JOHNSON_KAB  FLOAT (12) mag_JOHNSON_KAB  FLOAT (12)
mag_PLANCK 850mke FLOAT (12) size FLOAT (12) mag_JOHNSON_UAB  FLOAT (12) mag_JOHNSON_UAB  FLOAT (12)
mag_SCUBA_B850mic  FLOAT (12) wvelocity FLOAT (12) mag NUV_galex FLOAT (12) mag NUV_galex FLOAT (12)
mag_SDSS g FLOAT (12) dynamical tme FLOAT (12) mag NUV_galex En  FLOAT (12) mag NUV_galex En  FLOAT(12)
mag SDSS | FLOAT (12) star_formation_rate DOUBLE (22) mag_PLANCK_350mic FLOAT (12) mag_PLANCK_350mic FLOAT (12)
e en BTECE) mag_PLANGK 550mic FLOAT (12) mag_PLANCK_550mic FLOAT (12)
mea_SDSS_U FLOAT 12) mag_PLANGK_BS0mic FLOAT (12) mag_PLANCK_850mic FLOAT (12)
mag_SDSS_z FLOAT (12) mag_SCUBA B50mic  FLOAT (12) mag_SCUBA_850mic  FLOAT (12)
mag_SIRTFE_gmic  FLOAT (12) mag_SDSS_g FLOAT (12) mag_8DSS_g FLOAT (12)
mag SIRTF 8 Omic  FLOAT (12) mag_SDSS | FLOAT (12) mag_SDSS_i FLOAT (12) topheavy_halos
mag STEIDEL G FLOAT (12) topheavy._galaxies mag_S085._r EOM(E) mag_S085 ¢ LV (i) halo_id INTUNSIGNED
mag_STEIDEL_R FLOAT (12) galaxy_id INT UNSIGNED mag_5058_U oA e) mag_SDS5_U ELOATIUEY I!llll;hn SMALLINT UNSIGNED
mag_STEIDEL_Un  FLOAT (12) timestep SMALLINT UNSIGNED mag_SDSS_z RLOATI(2) mag_SDSS_z RLOAT 2N descendant_id INFUNSIGNED
s sty mag_SIRTF 3 6mic  FLOAT (12) mag_SIATF_3_6mic  FLOAT (12) e et
T INT UNSIGNED mag_SIATF 8 Omic FLOAT (12) mag_SIATF 8 Omic FLOAT (12) virial_mass FLOAT (12)
lastProgenitor_id INT UNSIGNED mag_STEICEL_G EoAN) mag_STEIDEL 6 (7Mo% ) virial_radius FLOAT (12)
orbital_radius FLOAT (12) oy GIEIDELTR LA e CTEDELSH (PRS0 virial_temperature FLOAT (12)
top heaw_bnrs( el et FLOAT (12) mag_STEIDEL_Un FLOAT (12) mag_STEIDEL_Un FLOAT (12) spin_parameter FLOAT (12)
gataxy_id INT UNSIGNED, diswurbance FLOAT (12) x FLOAT (12)
lyman_alpha_luminosity FLOAT (12) birth_time FLOAT (12) ¥ FLOAT (12)
mass_of_baryons FLOAT (12) nb_of_merging_events INT UNSIGNED 7 FLOAT (12)
mass of cold gas FLOAT (12) bolometric_luminosity FLOAT (12) velocity x FLOAT (12)
mass_of smrs FLOAT(12) [ |  ir bolometric luminosity FLOAT (12) veloelty y FLOAT (12)
mass_of_metals_in_cold_gas FLOAT (12) b2d_luminosity_type CHAR (3) velocity_z FLOAT (12)
size FLOAT (12) lyman_alpha_luminosity FLOAT (12) mass_of_hot_gas FLOAT (12)
velecity FLOAT (12) x FLOAT (12) - mass_of_mefals_in_hot_gas  FLOAT (12)
dynamical_time FLOAT (12) v FLOAT (12) topheavy_bulge_magnitudes mass_of_cold_gas FLOAT (12)
star_formation_rate DOUBLE (22) 2 FLOAT (12) galaxy_id INT UNSIGNED mass_of mefals_in_cold_gas FLOAT (12)
mass_of_baryons FLOAT (12) mag CFHTLS G FLOAT (i2) mass _of_stars FLOAT (12)
mass_of_cold_gas FLOAT (12) mag CFHTLS | FLOAT (12) mass_of_metals_in_stars FLOAT (12)
mass_ol_stars FLOAT (12) mag_CFHTLS_R FLOAT (12) angular_momentum_x FLOAT (12)
mass_ol_metals_in_cold_gas FLOAT (12) mag_CFHTLS_U FLOAT (12) angular_momentum_y FLOAT (12)
size FLOAT (12) mag_CFHTLS_2 FLOAT (12) angular_momentum_z FLOAT (12)
valochty FLOAT (12) mag_F300W FLOAT (12) powmtial_onargy FLOAT (12)
star_formation_rate DOUBLE (22) mag_F450W FLOAT (12) kinetic_energy FLOAT (12)
mag_F606W FLOAT (12) otal_energy FLOAT (12)
mag_F814W FLOAT (12)
mag_FUV_galex FLOAT (12)
mag_FUV_galex_En  FLOAT (12)
topheavy_bulge mag_IRAS_100mic  FLOAT (i2)
galaxy_id INT UNSIGNED mag_IRAS 12mic  FLOAT (12)
lyman_alpha_luminasity FLOAT (12) mag_IRAS 25mic FLOAT (12)
mass_of_baryons FLOAT (12) mag_IRAS_60mic FLOAT (12)
mass_of_cold_gas FLOAT (12) mag_JOHNSON_BAB  FLOAT (12)
mass_of_stars FLOAT (12) mag_JOHNSON_IAB  FLOAT (12)
mass_of_metals_in_cold_gas FLGAT (12) mag_JOHNSON_KAB  FLOAT (12)
size FLOAT (12) mag JOHNSON_UAB  FLOAT (12)
velocity FLOAT (12) mag_NUV_galex FLOAT (12)
dynamical time FLOAT (12) mag NUV_galex En FLOAT (12)
star formation rate DOUBLE (22) mag PLANCK 350mic FLOAT (12)
mag_PLANCK_550mic FLOAT (12)
mag_PLANCK B50mic FLOAT (12)
mag_SCUBA_B50mic  FLOAT (12)
mag SDSS g FLOAT (12)
mag SDSS i FLOAT (12)
mag_SDSS_r FLOAT (12)
mag_SDSS_U FLOAT (12)
mag_SDS5_z FLOAT (12)
mag_SIRTF_3_6mic  FLOAT (12)
mag_SIRTF_8_Dmic FLOAT (i2)
mag_STEIDEL G FLOAT (12)
mag_ STEIDEL R FLOAT (12)
mag_STEIDEL_Un FLOAT (12)
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Prototype tests

* Queries are simpler (views can help)
« Database is smaller: 1 Gb vs 8 Gb
« Table scans are very faster

* Query example :

select stellar_mass from mag1, mag2 where mag1 .filter1 =
‘SDSS_G’ and mag?2.filter = ‘SDSS_U’ and mag1.magnitude -
mag2.magnitude between -20 and -10

« Existing schema : timestep = 39 :45s 13244 records
* Prototype schema : timestep =39 :1.53s 13244 records

=> 25 times faster (mysql 5)



SNAP DM Changes

Gerard update the SNAP DM (13/02/2008)

New idea : SNAPProject to hold shared
objects (objects, properties, parameters)

SNAPEXxperiment changed in the good way
Work in progress :

svn :

http://code.google.com/p/volute/

UML model will have full descriptions for
every entities & attributes

XML schema generated by XSLT



Conclusion

New schema will contain SNAP DM + data

New Schema is designed to be simple :
— Queries are easy to write by scientists
— Queries are as fast as possible (cache, disks)

Data Loader need to be updated to generate
meta data (SNAP DM) & fill run tables

Questions ?



