—

(AN &
e F
'

o 'y

.

\V o

ol

" A

~—

*‘» 74
NN

Gaia Variability Studies.
case for Postgres-XC.

Krzysztof.Nienartowicz@unige.ch
Gaia Data Processing Centre in Geneva,
Gaia Coordination Unit 7
PgCon
Ottawa 23 May 2014

> UNIVERSITE -- Gaia

. DE GENEVE PAC

R £
P
R

mCIUdes Slides Courtesy of Berry HO” and Laurent Eyer Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 2014/05



Structure

My story

Gala mission

Gala science at CU7, Geneva
Data model and processing model
Hardware

XC role

Collaboration

Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 2014/05



Bio
- Corporate software lab; poland, Usa, Uk....

Primark Corp-> Thomson Financial -> IHS (4.5 years)
The biggest economical timeseries database

Global systems’ integration

- CERN DB group (6.5 years); Geneva, Switzerland

Largest data migration at the time (2002):
400TB moved from Objectivity to hybrid Oracle+in-house platform

Largest relational scientific database running at CERN (Compass, Harp)

Biomed secure middleware, Grid

- Gala Geneva group (5 years); UNIGE/ISDC, Geneva
Coordination Unit 7 (CU7) Data Architect
Data Processing Centre for Geneva (DPCG) deputy

—~ XLDB, timeseries, distributed systems, Science, Lierature, ar, history, politics, basketball,

paragliding, architecture, volleyball, sailing, biking,...

3 Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 2014/05
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What is special about Gaia?

» European Space Agency cornerstone mission
No equivalent mission for 20-30+ years...
» Census of our Galaxy:

All objects between 6 and 20" magnitude (~1.000.000.000 stars,
asteroids, quasars, extragalactic supernovae, etc)
On average 80 times during its 5 year mission
positions and parallax with a precision of 20 pasec (at V=15 mag)
Proper motions with a precision of 20 pasec/year (at V= 15 mag)
Radial velocities with a precision of 2-10 km/s (for star V<17)
Low resolution spectrum of each star:

allows to determine many stellar properties

| e.g. temperature, surface gravity, metalicity, age, ...
Can potentially discover as many as 10.000 exo-planets

Estimated 10-20% of all population are variables

5 Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 2014/05



The Gala instruments

EADS :
ASTRIUM 2 off-axis telescopes

1.45 x 0.5 m? aperture
35 m focal length

LOS 2

basic angle = 106.5°

LOS 1

= 7 %, common focal

% plane, 106 CCDs
(1 Gigapixel)
0.93 x 0.42 m?

Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 201465

M4/M’'4
(combiners)




The Gala instruments




The Gala instruments
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The Gala satellite

Location: Lagrange point 2

Commissioning phase, first calibrated data: Q2/2015




Gaia scanning: Motion of viewing directions over 4 days

path of viewing directions

over 4 days
path Of spin axis y

over 4 days

elescope 1
viewing diregtion

Telescope 2
viewing diregtion

image credit: Lennart Lindegren



Gaia scanning: Motion of the spin axis over 4 months

spin 4 rev/day

path of sun
over 4 months

Path of spin axis
over 4 months

image credit: Lennart Lindegren



credit: ESA
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Gaia Science

Simulated coverage
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Gaia Science

Simulated coverage
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Gaia Science

Simulated coverage

PAC, PgCon, Ottawa, 2014/05




Gaia Science

Parallax

© Bellatri

- Mintaka

Rigel



Gaia Science

3D Galaxy structure, Galaxy dynamics thanks to parallax, Radial Velocity
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| | | Gaia Science |
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Milky Way |
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Dbjpct micdal Instrumint calibrations

Diagram from Perryman et al. (2001)




Gaiafocal plane: CDD, BP RP, RVS observations

938 million pixel camera

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
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20
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Gaiafocal plane: CDD, BP RP, RVS observations

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
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Gaiafocal plane: CDD, BP RP, RVS observations

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
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Gaiafocal plane: CDD, BP RP, RVS observations

938 million pixel camera

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
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¥
0.93m
windows
observed:
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Gaiafocal plane: CDD, BP RP, RVS observations

938 million pixel camera

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
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Gaiafocal plane: CDD, BP RP, RVS observations

938 million pixel camera

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
= o o)
o [2 2 2
5 E & &
I
E
o
=
L]
¥
0.93m
windows
observed:

~4.4

~45 sec
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Lightcurves == Timeseries

GOG_RDS_10_B_TSR_XMATCH_cepheid - G [mag] vs BJD [day]
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Folded Lightcurves == Timeseries In phase

GOG_RDS_10_B_TSR_XMATCH_cepheid - G [mag] vs phase
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Ultimate goal



Hipparcos vs Gaia catalogue
Ultimate goal

The Hipparcos and Tycho Catalogues

The Hipparcos Catalogue
(0" - 3*: 1 - 18677)
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Hipparcos vs Gaia catalogue
Ultimate goal

esa o

EW rswmmg
e e Volume 5

The Hipparcos and Tycho Catalogues
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Hipparcos vs Gaia catalogue
Ultimate goal

@esa__“____ SP-1200 (f ®esa_-.,._,=
bl L L T Volume 5 : -

The Hipparcos and Tycho Catalogues The Gaia Catalogue

The Hipparcos Catalogue

. The Gaia Catalogue
(0" - 3" 1 _ 18677) (0"070.00"- " 0"1.08" 1- 18677)

e ——S
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Hipparcos vs Gaia catalogue
Ultimate goal

esa

A SP-1200
el R L T S - e Volume 5

The Hipparcos and Tycho Catalogues

The Hipparcos Catalogue
0" - 31 7 _ 18677)

10 kilometers of books!|
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The Gaia scanning law

NSL field transits in ICRS after: 0 years 000 days 00 hr 10 min

a0 B A

Courtesy,Qf Berry Holl

-90

Mean of 70 G-band per-transit observations (40 - 250)
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Upstream

CU3
Initial Data Treatment
F1rst Look

CUl
System/IT

architecture

Cu2
Simulations
Barcelona/CNES

Gala scientific responsibilities

Global dataflow

RN

Downstream

CUS5 Cu4
Photometric Complex object
processing processing
Cambridge CNES

Ccu7
Astromemc core MDB S e
processing ESAC Geneva/ISDC
ESAC/Torino :
Cu3
Intermedlate Data Update CU8
Spectroscoplc Barcelona Astrophysical
processing characterization
CNES CNES
~N

Cu9
Archive and
Catalogue access
ESAC

Krzysztof Nienartowicz Gaia DP-awa, 2014/05
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Varlablllty tree ariability Tree

Extrinsic Intrinsic

Asteroids

jcrolensing Rotation i ecular

Photom. Period

Asteroid

ge
H Sakurai, R Hya (Miras)
eccultation Sk, o (Cepheid)
Aql
EKGCOV oV y
glered (a1 I wHas, . -
giants 91 0gl Ceti Ioeg)eriod sdB ira
s
SR Semi-
Red dwarf:
EA EW 20E (Ke-M ;AtI:;ss) L ;egular
. SARV Irregular
B Per, a Vir H
all ampl. red var.
EB RS'GVn
SR giants
SX Arietis AGV.
MS (BO-A?)with o Canes
Credit: L. Eyer & N. Mowlavi strong Bfields Venaticorum T :
MS (B8-A7) with ot upergiants PMS i
(03/2009) strong B fields & Scuti Cepheids

BCEP GDOR
B Cephei

pl?l‘sﬂa‘t/ingB 6 Scuti

stars

roAp y Doradus

Phoenicis
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Varlablllty tree ariability Tree

Extrinsic Intrinsic

Asteroids

jcrolensing ROLOLIGN ecular

ruptive Cataclysmic Dy lsation

Photom. Period

Asteroid

ge
. Sakurai, R Hya (Miras)
occultation Veos " &Cep(Cepheid)
Aql

EKCOV

ole red uv (PEY7TEE2S, M
giants 91 0gl Ceti Ioeg)eriod sdB ira
s
SR Semi-
Red dwarf:
EA EW 20E (Ke-M ;AtI:;ss) L ;egular
. SARV Irregular
B Per, a Vir s
all ampl. red var.
EB RS'GVn
SR giants
SX Arietis AGV.
MS (BO-A7) with —
Credit: L. Eyer & N. Mowlavi strong Bfields Venaticorum T :
MS (B8-A7) with ot upergiants PMS i
(03/2009) strong B fields & Scuti Cepheids

BCEP. GDOR
B Cephei roAp y Doradus

pl?l‘sﬂa‘t/ingB 6 Scuti

stars

Phoenicis

Gala will detect most variable types on this tree
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Varlablllty tree ariability Tree

Extrinsic Intrinsic

Asteroids

Stars

Probe real-time

erolensing £ e : T stellar evolution

UiouvLivii

Asteroid
occultation

Sakugrzi, RHya (Miras)
V605 8 Cep (Cepheid)
Aql
EKGCOV UV v
5 = et aPETTiove Betsy) M .
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s
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EA EW ELILE (Ke-M ;AtI:;ss) A L | | ;egular
B Per, a Vir E SARV Srregu ar
’ all ampl. red var.
EB RS'GVn
A giants
SX Arietis AGV.
MS (BO-A?)with o Canes
Credit: L. Eyer & N. Mowlavi strong Bfields Venaticorum T :
MS (B8-A7) with ot upergiants PMS i
(03/2009) strong B fields & Scuti GDOR Cepheids
BCEP
B Cephei roAp y Doradus
SPB
pulsating B 6 Scuti
stars Phoenicis
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Va“ablllty lree ariability Tree

Extrinsic

Intrinsic
Asteroids

Stars

Probe real-time
Rotation . stellar evolution

ruptive Cataclysmic
Asteroid
occultation
clipsing \\ Planetary
binary transits KON

jcrolensing clipse
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Period

Find targets &

1" _ i
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Singlered B ra UV, """ J Q ira
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EA EW EN oM arts
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B Per, a Vir s
Sall ampl. red var.
EB ! (DBV) He-WDs
SXAY giants Solar-like RV RV
Tau
SX Arietis ACV/
MS (BO-A7) with a2 Canes " RR C\v/:/v
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( ) strong B fields S Scuti GDOR Cepheids
BCEP
i A y Doradus
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Varlablllty tree ariability Tree

Extrinsic

Intrinsic
Asteroids

Probe real-time
Sotation : ) stellar evolution

Cataclysmic
Asteroid
occultation
clipsing \ Planetary
oinary Xransits FKCON

icrolensing clipse

Find targets &
give constraints for
asteroseismology

Hya (Miras)

R O M I,
Cep (Cepheid)
Singlered

giants

EA EW EL femutars
B Per, a Vir
EB
KA giants
SX Arietis AGV .
Credit: L. Eyer & N. Mowlavi :ﬂf"(:: él&fze)'gsnh ﬁggfiizmm Ca I I b rate Sta N d d rd
(03/2009) oo ‘

{ Candles

Gala will detect most variable types on this tree
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Varlablllty tree ariability Tree

Extrinsic Intrinsic
Asteroids

Probe real-time
stellar evolution

jcrolensing clipse dareria)

Cataclysmic
Asteroid H
Find targets & i
clipsing \\ Planetary
pinary transits

Cep (Cepheid)
HERCOIVI]
Slngle red

give constraints for
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EA EW ELL
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J. Determine
suess | FOtAtioN

MS (BO-A7]
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EB

strong B fi
(03/2009)

Gala will detect most variable types on this tree
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Varlablllty tree ariability Tree

Extrinsic Intrinsic

Asteroids

Probe real-time

clipse stellar evolution

jcrolensing ROLALON)

. {Find targets & —
) ooy /325;?2”\ = l give constraints for
-Determine stellar [ ,
parameters ! Determme
...]-May find sources of [; rota?tlon
periods

% gravitational waves

\. J

Gala will detect most variable types on this tree
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Classification of variable objects

Predicted Class
Random

Forest

BE+GCAS
ACYG
ACY
SKARI
BY+HRS

9 ,E5E g8

£ £ O a

DCEPS
= | CEP{B)

1 4 3 2 2 EB

DCEP
2 DCEPS
cer True Class
1 RAAB
RAC
GDOR
pScT
2 DSCTC
BCEP
i 4 sSP8
2 4 BE+GCAS
1 . 2 1 | ACYG
1 i 6 . ACV
SXARI

PgCon, Ottawa, 2014/05
BY+HS

Dubath et al.
2011

Similar study by Richards
etal. 2011 1 1
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Cyclic Processing model
six months windows

Ingestion of
Raw data

Timeseries
Reconstruction

Results’
Validation

Input Validation

Processing
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Cyclic Processing model
six months windows

Ingestion of
Raw data

Timeseries
Reconstruction

Results’
Validation

Input Validation

k-times during cycle /

on full dataset and Processing
samples < 30 days
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Cyclic Processing model
one month processing sub-cycle
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Big Data triangle
by M. Stonebreaker

Big
Variety

Big Big
Volume Velocity




All AstroElementaries
distributed over multiple files.
» We do not know how exactly
GBINs are slow. CPU bound, not

IO bound. <1MB/s

900 sec/1GB

~ 500h just to read 1079*80 entries
(single threaded)

~ 3-7TB of FovTransits (depends
on the compression, we have 1/3
of fields now => G band onl;
2.4TB of AE)

~3000 — 1GB compressed files to
process for 10"9*80 tuples

Solution: Load into intermediate
partitioned (distributed) table
and run aggregating SQL
reconstructing the timeseries

33

0" observations

Big Velocity
l.e. Ingestion

TransitlD sourceld

Photometric data

TransitlD sourceld

Photometric data

I TransitlD

sourceld

Photometric data

k -GBIN ~
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Timeseries reconstruction

insert into gog_rds_18_c.ts{catalogid,sourceid, fvaluetype,obstimes, ftimeseriestype,vals,valserr, flags)
-- convert and pivot data

select
gog_rds_10_c.getcatalogld{'GOG_RDS_18_C'Y caotalogid,
sourceid,
@ fvaluetype, -- flux type

obs,
(unnest{v}).*,
StotusFlag from
select
sourceid, converttobytealarray_ogg{convertedTransitid)) obs,
array[
(getTsTypeld("GOG_RDE_16_C', "GAIA_PHOT_G'), converttobytealarray_ogg{gflux)), converttobytealarray_agg(GFLuxError)) J::ts_buckets_bin
(getTsTypeld("GAIA"',"BP'), converttobytealarray_agg(BPFlux)),converttobytealarray_agg(BPFluxError)}) J::ts_buckets_bin ,
(getTsTypeld('GAIA","RP"), converttobytealarray_agg(RpFlux)), converttobytealarray_agg{RpFluxError)) J::ts_buckets_bin
1w
,convertinttobytealarray_agg{StatusFlag)) StatusFlag
from (select { ((transitid == 53 & CAST(x'QO@3FFFFFFFFFFBAA"' AS bigint))::bigint * 5@ / 1840 / 68 / 60/ 24) convertedTransitid, colphot.*
from gog_rds_18_C.calphotfovtransitimpl calphot join source s on (colphot.sourceid = s.sourceid) order by calphot.sourceid,1 ) a
group by sourceid
)} pivoted

3
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Timeseries reconstruction

— sourced] Phatomednc data
1 a GBPRP
2 & C|BR|RE
& F 5|BFRF 10" sources
4 B G|BFIRP
5 & GBPRP | |
B 2 G|BFRF
! E GIBPIRP A | B ¢ | o | E F | 8
B F G|BRIRP e
g G G|BF|RP | reconshnaciian
10 H GEP|RP
11 F GIER|RP
i 107 sources
107" sbgervations 2 E GOFIRF
13 G G|BF|RP
14 J GIEF|RP
. GBS |RP
1 1075 G|BP|RP —




Big Variety

<<JavaElement>>
StatlstlcalParameters

» CU7 OM has approx|mately

feSerlesResult VariabilityParameters

~ 70 domain classes | o | [
Source, Timeseries, SpectraTlmeSerles SourceResuIt SpeC|f|cObjectAttr|Bﬁt5§ — o
Att ri b u te S ——— VariResultRoot<C>
Possibly tens to hundreds input and output catalog and derived

attributes used in analytics (parameters to make cuts on) gt
Input transformation depends on the origin:-
Gaia ~ 5-10 MDB tables are transformed on input — good!

Other surveys
From semi/quasi structured to structured formats -EAV

Production of the output is rather simple
Analyzing it: Not!

Iterable<QUTPUT>
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Big Volume

» ~50TB ... 800TB

» Input _ _ ;
Hundreds catalogs,10° Sources, 5 x 10° Timeseries L Ton |t | Preonericine B
Existing relatively large surveys ' — T.“““““” Sk i ] _ jﬂ'“*‘ﬂm

EROS, SuperWASP T e ——
. . . I | | TransilD sourcald Phatomeiric data
Gaia input via GBINSs L . e |
Deserialization — z o GIBPIRP 8
. 1 3 F GIERIRF
Reconstruction e s e )
. . . . | | 5 i G[BP|RP
Analysis of the input to find outliers, . | 1 - - worre
Finding bugs in data in minutes — possible scanniliy“2&=** — & | ocewe |
entities in 10’s of seconds ' F __Geere 38
I 9 G GEPIRP |~
> OUtpUt [ L — o H SEFIRF 10" sources
. . . | 1" F GIEPIRF
k-iterations on input: 10° source results, 5 x 10° e e T R
. : P ’ L [ | e |
TimeseriesResults —1 g cErRP |
. . [ 14 J GEPIRF
Results on all processed Sources/Timeseries | — § p—
o Re-run multiple times 16 A GERRP

Intermediate analytical results
Ad-hoc analytical results
Export of data into compressed GBINs
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Data model

Java Persistence API, custom PG mappings

""""""""""" <clavaElements> |
StatisticalParameters
R Eement>> Z <<JavaElement>>
= VarlabilityParameters | |
TImeSerIesResultE_ I_ o
o ' ' ' ' . . . . : : : : : i C > RunConfi gurat|on|
F T T L T I T B B B ot e R — —  _ A
: : : : : : : :"i‘ibl:d? . IE * Runconfgurahom << JavaElement>> :
e ament>> : VarIResuItEmhedded:RunConflguratTgHg“Ullgu E—— VariResultRoot |
""""""""""" PeriodSearchResult| -~~~ [ —K -7 <<lavaElement>> _ : o
: | VariResultEmbedded <<hind>>
Y A AR ;chavaElemant»j'“'""""'""'""""'"'""""'"'"""""""""""""""""""""""""""""""" ..... :.1:0?. .....
ModelResult .
s S S B S S S R BRI
' ' ' : ' VariResultRoot<C>
- |=<JavaElement=>| j i j o I I I I . . I I
R I [ |SourceSummary T |C>RunConfgurat|on|""'--; """ R R P T‘
....... A D enent> PanRun
—— D VariResult = e
<<JavaElement>> : . . : : , : | I{I;JPUT P
SourceResult --:-,ﬁ----:—[ UTPUT R R R RS R R
: : : o . . chavaEIamant>> : :
L S U U U SR UUUESRUUE SN T Run S
e _ T C T Y ierable<ouTPUT> )
<<JavaElement=> |— - - — — —.— — — T 7 7 -
S mta]og . S
: - ; <<JavaElement>>
ParentCatalog T : j I Z Source
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Data model

Java Persistence API, custom PG mappings

~ Native ORM mappings:

° 1_>*
e 1-1:
‘Embedded

*Custom OO mappings:

*hstore + metadata: EAV
*PG objects <compositeType>
*Arrays of PgObjects

*Arrays of Arrays of Arrays of ... PG

Objects



Attributes

L. Rimoldini et al 2012
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Attributes

L. Rimoldini et al 2012

38

Number of CIass@tion Attributes

2 W N

)]

o
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]

»

.

> 500 other attribute

2S....
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Cross—Validation Error Rate

0.5
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Attributes
(columnX, array[i], (pg Typelj]).type2]i]...)

V=1

Skewness

Amplitude

Period

Absolute magnitude
False-alarm probability
P2p scatter: folded/raw
QSO variations
Scatter: raw/res
Parallax

Standard deviation res
Short variations

Sum squares: res/raw
IGalactic Latitudel

Frequency error

L. Rimoldini et

39

RS+BY_X

BE+GCAS_P

LPV_X
RS+BY_P

X
LPV_P

BE+GCAS_X

SPB_P
ACV_P

ACV_X

EA_P

i

ACYG_X

EA_X
EB_P
EW_P
ELL_P
ACYG_P
BCEP_X
DCEPS_P

DCEP_P

CEP(B)

I:J"I
o
L
Q
m

_P

DSCTC_X

CWA_P

GDOR_X

DSCT_P

RRC_P

DSCT_X

DSCTC_P

SXARI_P

RRAB_P
GDOR_P
CWB_P
RV_P

al 2012
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Analytics via SQL

Map of star density (galactic coordinates, 1pix = 0.84 deg?)
Catalog GOG-RDS-10-B-TSR, band GAIA-PHOT-G
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Analytics via SQL

Map of number of unfiltered time series elementaries (galactic coordinates, 1pix = 0.84 deg?)
Catalog GOG-RDS-10-B-TSR, band GAIA-PHOT-G

N
L O
o O

160
140
120

180
100

A O o
o O o

number of unfiltered time series elementaries

N
o

o
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Frequency

Analytics via SQL

1e+04 1e+06

1e+02

Histogram of minimum error per time series
for catalog GOG_RDS_10_B_TSR
Band: GAIA_PHOT_BP. Time series: 9552704

1e+00

Ox—
oM~
=Ho0Ww—m—O
OO = OO LTI
O~ OoOMUDMNOOMODO—0— OO
O OO —O MM OM OO ON O MWD~ MO~
ST OO0 OO0 ONO— OIS s O =M~ OSSN = 0O MWD ==t =T M o0 D0 M~
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log(error in counts)
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SOL

Distribution of errors on individual measurements

ICS via

Analyt

per magnitude bin
for survey Gaia
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Analytics via SQL

Stddev per magnitude in survey Gaia
Catalog: GOG_RDS_10_B_TSR
Band: GAIA_PHOT_G. Time series: 9552704

0.3

0.1

0.03

stddev (mag)

0.01

number of observations per bin

0.003 -

0.001

6 8 10 12 14 16 18 20
magnitude (mag)

Some empty bins at all the plot borders have been discarded.
In black, median of the stddev per magnitude bin.
Bin size: 0.074 mag x 0.015 log10(stddev in mag).
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Attributes
(columnX, array[i], (pg Typelj]).type2]i]...)

BE+GCAS_X

P

DCEP_P

RRAB_P

RS+BY_X
BE+GCAS_P

GDOR_X

DSCT_P

ACYG_X

CEP(B)

RRC_P

DCEPS_P

GDOR_P

ACV_X

EA_P

X
LPV_P
LPV_X
RS+BY_P
SPB_P
ACV_P
EA_X
EB_P
EW_P
ELL_P
ACYG_P
BCEP_X
DSCT_X
DSCTC_P
DSCTC_X
CWA_P
CWB_P
SXARI_P
RV_P

V=1
Skewness ..
Amplitude
Period
Absolute magnitude .

False-alarm probability .

P2p scatter: folded/raw .
QSO variations

Scatter: raw/res .
Parallax .

Standard deviation res .

Short variations .

Sum squares: res/raw

.

IGalactic Latitudel

Frequency error
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Complex Event Processing

= Stream of results is continuously aggregated externally via

subpackage based on Camel/Esper and stored as scalar, 1D, 2D
values (stored as PG arrays)

100s || Async publish
Processing

CEP

Aggregation
cores -
-

cessing data i
-=! -

*Hundreds of pre-defined aggregations with
no DB stress
*Streaming classification

so
46
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Complex Event Processing
EQL with Apache Camel

from{"esper://sourceresult?egl=insert into PeriocdSearchResultlList select run.runld as runid, " +
"hist({'skewness', -5.8, 5.8, 8.5, "
+ "((timeSeriesResult{"HIPPARCOS' 3}, getStatisticalParameters()).getSkewness(}} as histogrom " +
"from SourceResult.win:time_batch{1® sec) " +
"where ((timeSeriesResult{"HIPPARCOS" ). getStatisticalParameters()) . getSkewness() = @ "+
"group by run.runId”H
.process{new Processor(} {
BSuppressWarnings( " unchecked")
public wvoid process(Exchange exchange)} throws Exception {
com.espertech.esper.event.map.MapEventBean ev = (com.espertech.esper.event.map.MapEventBean) exchange
.getIn(y.getBody());
Map map = (Map) ev.getUnderlying(};
exchange . getlut (). setHeaders{exchange. getIn().getHeaders(});
exchange . getOut(). setHeader{"runid”, map.get{"runid"});
exchange . getlut (). setBody(map.get{"histogram" ) ;
}

. log("${body}").to("activemg:varisystem.monitoring. histogram"};
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Complex Event Processin

real time monitoring

PERIOD METHODS

Run name Type part of the description to get all compatible runs Run created Run ended
OR5_S1_Statistical_and_Variability_P: ,_Sample_272 - - 0B8-05-2014 08-05-2014
Runs

D NAME INPUT CATALOG SIZE CREATION DATE

1,298 ShortPeriods_1298 SIMULATED_ZZCETI_MUKADAM_MIHALY 0 2014-05-05 06:36:05.518021 gala.cuT.algo 1.5hortti hortTi

857,56 2014-01-30 12:4729.583384 gala.cu7.algo.character.Character gaia.cu7 .algo.variabilityDeti METHOI

~ Metrics

Selected Metrics.

Robust Weighted Mormalized P2I
Robust Weighted Mormalized P2I
Robust Weighted Mormalized P2I
Robust Weighted Mormalized P2I
Robust Weighted Mormalized P2I
Robust Weighted Mormalized P2I

Skewness BP_ Mag
Skewness RP Mag
MeanObsTime G Flux

Trimmed Weighted Range BP M
Trimmed Weighted Range RP M
Weighted Standard Deviation G

Standard_Deviation G_Flux
Standard_Deviation_BP_Flux | =<
Standard_Deviation RP_Flux
Standard_Deviation G Mag
Standard_Deviation BP_Mag
Standard Deviation RP Mag

Weighted Standard_Deviation_BP
Kurtosis BP_Flux
Kurtosis RP_Flux

|
500000 500000 200000
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Data distribution for development

= Development, public data is distributed via PG Appliances
= 5-15GB
= ~0.5-5M sources

New || PG VM
schema/data repository

version

ubset of (public) data



Data distribution for development

= Development, public data is distributed via PG Appliances
= 5-15GB
= ~0.5-5M sources

|| PG VM
schema/data repository

version

ubset of (public) data
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Data distribution for development

= Development, public data is distributed via PG Appliances
= 5-15GB
= ~0.5-5M sources

PG VM
repository

TurnKey Linux Conf iguration Console

New
schemal/data

version

POSTGRESQOL appliance services

TurnKey Linux Conf iguration Console

POSTGRESQOL appliance services

Web shell: httpsir/10.0.2.15:12320
. Webmin:  httpsis/10.0.2.15:12321
Subset of (pUb||C) data PHPPgAdnin: https:,,10.0.2.15
SSH/SFTP:  root@l0.6.2.15 (port 22)
PostgreSQL: psql -U postgres -h 10.0.2.15

TKLBAM (Backup and Migration): NOT INITIALIZED

TurnKey Backups and Cloud Deployment
https://hub.turnkeylinux.org

<Advanced Menu>
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Data distribution for development

= Development, public data is distributed via PG Appliances
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Data distribution for development

= Development, public data is distributed via PG Appliances
= 5-15GB
= ~0.5-5M sources

PG VM
repository

TurnKey Linux Conf iguration Console

New
schemal/data

TurnKey Linux Conf iguration Console

version

TurnKey Linux Conf iguration Console

TurnKey Linux Conf igura

POSTGRESQOL appliance services

Web shell: httpsir/10.0.2.15:12320
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Structure

My story

Gala mission

Gala science at CU7, Geneva
Processing model

Data model

XC role

Hardware

Collaboration
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XC cluster

51

Data platform: Postgres — XC/XL

[
!
1
DNS Check

4

Global Trafsacliond

__-DNS load-balancing

A
e

Concept

Applications

-

[*ﬂﬂﬁm

“”l ager

GXiDs
Snapshots

. orkload
Coordinator + Datanode

GXiDs
Snapshots

Coordinator + Datanode

Srotoco!

o
Standard Posigres

ZaN
Workload -
Workload

rorkload

Coordinator + Datanode
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Postgres XC/XL

Load balancing — Jim Mlogdenski
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FOSLEIesS AL/AL (KOICTN)
RAID1E

@ Coordination/workload between primary nodes )
| |

XC cluster

5 C il 5 C el
60 x 3 TB Raw r 60 x 3 TB Raw r
~100TB usable ~100TB usable
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Postgres XC/XL

DB node

Coordinator + Datanode+Backup combined

Backup DataMode storage -< ~1GEs sequential

DataNode storage < Index and reconstruction space: S50 ~2TE, RAID10

Coordinator storage -<

( Storage for primary operaticns
Separate O3S disk
WAL — Write Ahead Log: min 2x 15K 300GB, RAIDD( optional), quasi-sequential
Main Data Partition: 15-20TB usable per box, RAID10, mixed random + saquential
Data+saldomly usad indax

~1GBis seguential
= 2000 real IOPS

=1GB/s saquantial

=400 real 10PS

Separate 10 channel for Main data partition and index partition.
Needs Min 128G8 RAM, lots of cores 32+

2 infiniband

— _

Coordination:

In principle can sit on the same parfitions as DataMode
ar one dedicated RAID10 with relatively fast IOPS,
<500GE of storage,

Meeds min ~16GE of RAM,

symmatric number of coras {shared with datanade},
mastly idling if done properly

|
( _—
Storage for backup opesations

WAL — Write Ahead Log: min 2x15K 300GE, RAIDMN 1 optional), guasi-sequential
Main Data Partition: 15-20TB usable per bax, RAIDS, quasi sequential + sequential
Data+seldomly used index

=500 real IOPS
Separate [0 channel for backup and primary.
Meeds Min 16GE RAM few cores

Coordination:

In principle can sit on the same paritions as Backup DataMode

Backup Coordinator storage -< Meeds min ~BGE of RAM,

symmeatric number of cores {shared with backup datanada),
mastly idling if done properly
L Krzysztof Nienartowicz Gaia DPAC, PgCon, Ottawa, 20




Postgres XC/XL

DB node

Coordinator + Datanode+Backup combined

Primary storage
Primary coordinator

B acC ku p Sto rag e Backup DataNode storage -<: ~1GE;;UT?:;TE?|S

Backup coordinator

DataNode storage < Index and reconstruction space: S50 ~2TE, RAID10

Coordinator storage -<

( Storage for primary operaticns
Separate O3S disk
WAL — Write Ahead Log: min 2x 15K 300GB, RAIDD( optional), quasi-sequential
Main Data Partition: 15-20TB usable per box, RAID10, mixed random + saquential
Data+saldomly usad indax

~1GBis seguential
= 2000 real IOPS

=1GB/s saquantial

=400 real 10PS

Separate 10 channel for Main data partition and index partition.
Needs Min 128G8 RAM, lots of cores 32+

2 infiniband
\-‘— —
' ]
Coordination:
In principle can sit on the same parfitions as DataMode
ar one dedicated RAID10 with relatively fast IOPS,
<500GE of storage,
Meads min ~16GE of RAM,
symmatric number of coras {shared with datanade},
mastly idling if done properly
N
( —

Storage for backup opesations

WAL — Write Ahead Log: min 2x15K 300GE, RAIDMN 1 optional), guasi-sequential
Main Data Partition: 15-20TB usable per bax, RAIDS, quasi sequential + sequential
Data+seldomly used index

Separate [0 channel for backup and primary.
Meeds Min 16GE RAM few cores

Coordination;
In principle can sit on the same paritions as Backup DataMode

Backup Coordinator storage -< Meeds min ~BGE of RAM,

symmeatric number of cores {shared with backup datanada),
mastly idling if done properly
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Postgres XC/XL

High availability - Failure

XC cluster

Pacemaker/watchdog

)

Coordination/workload between primary nodes )
’ |

A Coordinatg

hi

pping

/

55
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Postgres XC/XL

HA — Backup promotion

XC cluster

Coordination/workload between primary nodes )
i |
L g = 0 &
e AL shipping U WAL shipping
A Coordinatd B Coordinator + Datanode + Backup C Coordinatof + Patanode + D Coordigétog™ Datanode + Backu
B coordinator Datanode
lliy .
60 x 3 TB Raw a /

56
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Postgres XC/XL

HA: recovery and backup demotion

XC cluster

A Coordinato

oordination/workload between primary nodes
: |

[
L
Yo

ﬂuuﬁ‘
' rq [ WAL sl

D Coordig uﬁDatanude + Backup

</

:rl-— ..._;':'-'.--".-‘-
Fﬂ -

r -_- AL shipping

C Coordinatol a patanode +
B coordinator§ HlDatanode

3

60 x 3 TB Raw E

pping

B Coaordinat i Datanode + Backup

-\
\"

60 x 3 TB Raw .
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Postgres XC/XL

HA: recovery and backup demotion

XC cluster

Pacemakerffvatchdos

J_] Irs —
JJgr -

([ ..][m\

A Coordinato

.
f
i
.

oordination/workload between primary nodes

NN N : | )

|'IL“T[E'-
m"”i

B Cﬂordlnal Datanode + Backup

ﬂﬂﬂfg =

[ l;i 3 WAL

D Coordig uﬁDatanude + Backup

_—

_
Backup+ WAL | |
PESIWAL shipping

ri pping
C Coordinatol a patanode +
B coordinator§ HlDatanode

PR

60 x 3 TB Raw
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Postgres XC/XL

HA: recovery and backup demotion

XC cluster

oordination/workload between primary nodes )
) |
. I L= &
- Reconstruction, I : I : I :
- r H ' I j o . 7 AL shipping ' 3 WAL shipping
M B Coordinat@r HDatanode + Backu C Coordinatof+ Ratanode + D Coordi uﬁ Datanode + Backup
\ B coordinator Datanode
60 x 3 TB Raw »
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Postgres XC/XL

HA: recovery and backup demotion

XC cluster

Coordination/workload between primary nodes )
’ |
l: s | l.i = | l‘i .
l | - AL shipping . s AL shipping i = WAL shipping
A Coordinatd B Coordinatgr § Datanode + Backup C Coordinatof + Patanode + D Coordigétog™ Datanode + Backu
B coordinator Datanode
lliy .
60 x 3 TB Raw » /
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Postgres XC/XL

HA: recovery and backup demotion

Pacemaker/watchdog
@ Coordination/workload between primary nodes )
|
l s i 0
o D s
@ 2 - ~
% li = Log shipping IE e Log shipping
O 3
x A Coordinatg C Coordinator + (latdhode + Backup D Coordightog™ Datanode + Backup
UlrE
60 x 3 TB Raw 60 x 3 TB Raw !
k ~100TB usable ~100TB usable /
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Postgres XC/XL

Scalability: expansion, repartitioning

XC cluster

cemaker/watchdog

Coordination/workload between primary nodes

[P
T A

) WAL shipping
E Coordinator + Datanode + Backu

60 x 3 TB Raw /
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Postgres XC/XL role

» Postgres-XC integration seamlessness

Postgres compatible

PG SQL (psql, pgAdmin, JPA, hstore, object types, spatial indicies,
n-dimensional knn-searches)

R: RPostgreSQL
CU7 Framework compatible

OpenJPA
Java (JDBC, PG copy protocol)
Scalability
Horizontal + veritcal - 50TB .... ~ 1PB, 1012 entities

Timeseries reconstruction

Batch processing, source oriented

Analytical processing, ad hoc
High Availability
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Postgres XC/XL role — what do we need

Very High priority

64

O0O0Ooooad

O o oo

Stability

Performance

Partitioning

PG type model (objects, arrays of objects)
JDBC working (pooling)

R working

Parallel loading into partitions of XC distributed tables
Support for COPY (via JDBC or other Java driver)
UDF for custom distribution logic (or as external API)

Custom aggregates

Load balancing

Support for existing index extensions
PLJava, pIR working

High priority
Query estimates available on the coordinator
OLAP features:

O

OO0oo0oooad

In-node query parallelization
Index organized tables

W orking Bitmap, Bloom indicies
Column store

Estimators

Effective knn-searches
Compression

Read-only tables(paces)
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Structure

My story

Gala mission

Gala science at CU7, Geneva
Processing model

Data model

XC role

Hardware

Collaboration
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OS 10 tuning

SSD: correlation tree of random 10 for read-write for single,4 and 8 threads for the throughput in 10/s

{deadline, noop}

readahead
p < 0.001
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Big Volume vs Constraints
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Big Volume vs Constraints
- Growing number of cores
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Big Volume vs Constraints
- Growing number of cores

- Growing number of users
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Big Volume vs Constraints
- Growing number of cores

Procurement Plan

Today 2013 2014 2018
Cores | O(100) | O(100) | O(300) | O(1000+)
DB Nodes | 3+2 4+ 8+2

Storage 24TB 50TB [ 75-315TB|200-950TB

Launch IDR(D FDR(2)

(*1) IDR: Intermediate Data Reduction

(*2) EDR: Final Data Reduction
[ ]
67

rowing number of users
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Description

Hardware
Dell, 180 disks, 540TB raw
WAL space, SSDs: 2TB per node...

Qteé. PU €HT Disc PU remisé € HT Prix total € HT

5 R720 Primary + Backup i
2 MD3260 60 HDD 3TB

5 cartes IB QDR + 10 cables 3m

1 switch 18 ports Mellanox

Assistance mise en ordre de marche
Garantie 5 ans sur I’ensemble

ml 50% of initial proposal

18 ports QDR

Cluster
B ports QDR

-~

R720

16 cceurs 2.6

256 Go RAM

2 SATA OS (]
5 SSD 400 =]
6 SAS 600 10k B
Free 8

68

£ 3TB SASNL

& 3TB SAS NL Raid Parity
B3 Free

~288 TB utile

~9 600 IOPs
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Collaboration - Conclusion

» We are few of milestone astronomical experiments
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Relying on Postgres already
Made few strategic choices because of XC existence
Willing to invest:
time in Postgres XC/XL
Hoping XC/XL will merge their efforts into a holistic solution!!!

Encouraging Tokyo meeting in 2014/03

Invested into:
testing and
into relevant hardware already
ported some extensions, i.e. plJava, tested many more..

Visible in the Gaia consortium
Linked to the final Gaia catalogue, possibly influencing their choice

Veeeery long term user
production starts in mid 2015! — we will be deploying it next weeks!
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QA...
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