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Outline

- Introduction about data/computing models ...
- Experiments: Auger, Antares, HESS, Fermi, CTA, (XMM)

- Summary and conclusions
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Computing and Data Models: an introduction

Data management main sub-systems n

- On-site system (close to antennas)

- Data transfer and archive system

- Data processing (close to data and to scientists)
- Data access

Computing model main specifications
- Data stream and scientific products
- Experiments or Observatory (# of users/observers)
- Analysis-system ( “Client/server”, “Mainframe”)
- “Time-line” and/or “formal” constraints
(e.g. ESO/NASA/ESA vs ASPERA)

ICT applied to four main sub-components
- HW: Computing Elements (CE), Storage Elements (SE)
- Service: Archive, Database and Meta-Database

Final implementation into a
Scientific Analysis System

— SAS

- SW: Reconstruction/Simulation

- Middleware

ASPERA - Barcelona, 30-31 May 2011
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PIERRE AUGER

LN onservATORY The Auger Experiment

e The largest Cosmic Rays Observatory
— 3000 km?—in the Argentina Pampa
— 1 600 Surface Detectors (Cherenkov)
— 4 Fluorescence Telescopes

Fluorescence Telescope

* 6 x4 Fluorescence Cameras

e 10 % of the time (night — no moon)
— Hybrid Events : SD + FD

» Better determination of the energy

 High Energy Cosmic Ray
— Energy 10%°
— 1/km? /century
— Expected : 30 events/year
— Observed UHECR : 50 (GZK effect)

Surface Detector
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— Radio transfer from the thanks and telescopes
to the Cdas main building (Malarglie)

To Mendoza : 5 hours

» Merged in Events

Ex Famps
4 T e

Root format

Immediate reconstruction
of the event parameters ' e e

Copied to a data server for export

» Daily transfer to Lyon s ,,_.'.-
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PIERRE AUGER

N opsERVATORY Data Transfer / Data process

e IN2P3 Computer Center is the Main Repository for the Auger Data (Tier 0)
— Data files are copied every nights from the Malarglie server to CCIN2P3
by batches running at Lyon (on a GPFS large disk (20 TB), import manager status on Oracle DB)

— The files are duplicated in SRB (Storage Resource Broker, a data Grid distributed files manager)
for external access by the collaboration sites (Read-only access for the Auger user

needing a CC account to get the authorization )
— Data size: 8 TB since 2006, 1.2 TB of reconstructed data.

In average : Reconstructed data: 850 MB/day; Raw data + Calibration: 4.8 GB/day
— MC production on GRID (showers + telescopes simulations)

Oracle

Restricted Access [ Database
[ Cdas Builder J
Dy Every Night

Daily Event Building and

} Large Files (> 100 MB)

Export

o SRU
By

Data Server
External Users

e —
Access reserved to the
data transfer GPFS Disk (20TB)

Malargiie

CCIN2P3 - Lyon la :)
G.Lamanna Pp
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ANTARES

The submarine cosmic neutrino detector

- Cherenkov light from uinduced by v interaction
detected by 3D PMT array (2400 m depth)

- Time & position of hits allow the
reconstruction of the u (~ v) trajectory

ANTARES produces ~ 10 TB raw data per year.
e Data are buffered at the shore station

and transferred nightly to CC-Lyon.
e BW of the connection is 1 Gbit/sec.

e pe——
2200 m ﬁi‘fe—‘-ﬁg—‘——#\%zf—
S, §
—
e

40 km [-<
submarine cable

ANTARES Sit

2400 m

-2475m

Institut Michel Pacha [ e s it

ANTARES shore station La Seyne/Mer
’ lapp)
G.Lamanna
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Data transfer & Data processing

e IN2P3 Computer Center is the Main Repository for the ANTARES data (Tier 0)

- The unfiltered data stream from the detector to the shore is ~1GB/sec. The trigger reduces this to
20 GB/day, i.e. a reduction of a factor ~4000.

- Data stream 50 GB/day (20 GB triggered + 30 GB untriggered data - external GRB alerts)
Mass storage is done on HPSS.

Main format is Root, read access to data for processing via XRootd.

Access to external institutes is provided via SRB.

Complex data (calibration, slow control, settings) are in an Oracle DB. Remote access is allowed.
It is used offline as well as online for data taking.

Remote Access for online \ y. { Oracle J

Database
DAQ/Trigger .
Shore station Reliable

External Users

connection for
detector
- operations, DB = -
- and TMPBATCH SRB
- ipited) remote GUI ' J
Buffer disk i l \
Weekly buffering and nightly -
raw data asynchr. transfer / bbftp External Users

e R —
La Seyne CCIN2P3 - Lyon
10TB
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The first 4-telescope IACT stereoscopic system

HESS is one of the leading observatories studying VHE gamma-ray astrophysics.
- Four 13m diameter telescopes in the Khomas
highlands of Namibia (southern Africa)

- 100 GeV — 100 TeV, 15% energy resolution

- 5" angular resolution, 5° field of view

(each tel. has 107 m?2 mirror area, 15 m focal)

- 960 photomultiplier tube pixels

-5°FoV (1.4 m)

-1 GHz sampling

e Camera front-end digitization
 Total raw data stream ~ 8GB/hour
* Trigger rate 200 Hz

e Onsite control room (20 PC + some TB SE)
e Allfiles in ROOT format

e Data are buffered and saved on tapes e
then fly to Europe . Not enough BW for transfer | |
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W
R Data transfer & Data processing
T o«
e IN2P3 Computer Center is the Main Repository for the HESS-FR data (Tier 0)
- 10 TB raw data per year at CCIN2P3 (Today: 291 077 GB + 14 TB scratch disk + ~ 200 TB MC)
- MySQL DB for book keeping, jobs handling, calibration, ..
- DST (10 times smaller than raw data) are Root files (data are Root files at any level),
Pedestals & Broken pixels are Root files as well.
- CPU: 1 day machine per run (28 min observation time) for calibration,
1 day machine per run for DST production (~ 6% CCIN2P3 CPU to be doubled with HESS2)
==> ~ 5000 day machine per year (Analysis is fast compared to calibration and reconstruction)
- FR-HESS users ~20-30 accessing CC for analysis
[ MySQL }
. — Database
Digitized
[ Camera DAQ- \ NO DATA /
On site TRANSFER
- Hlnrelrtel Calibrations,
On site reco — -
guality check - —
| "
- )@\
External Users

Lyon

Namibie CCIN2P3 - Lyon
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Data access/analysis

HESS-FR computing model for data production, access and
analysis at CC-Lyon : Client /server paradigm:

- Web services for remote data processing, calibrations
control ...

- Client for data selection (sky, source, run/time, pre-lists,
other lambdas, pub. lists)

- Client interface (and VM) for DAQ_sys.

- Client DB-DAQ slow-control parameters data selection
(trigger, atmos. ,cameras status, telescope pointing...)

- GUI-Client service for job-analysis submission->
interfaced to GridEngine batch system.

- Analysis is not highly process demanding since DSTs have
all reconstruction methods and param. .

(... periodical re-proces.)
- Analysis in Root env.

Target and Run List

Excluded Regions
Reconstruction
Event Selection
TMVA
Micro DST
Background Subtraction
Plots
MC
Scaled Tables
3D Model Calibration
Spectrum Tables
Morphology Tables
Tables Merging
Spectrum
Morphology
Merging
Environment
DsT
Output

Profiles

PARISANALYSIS INTERRACE

Web page
General Options
Chain Name Crab_Nebula_ModelPlus_Std
Template %t_%p
Target
Target Crab Nebula
& Custom position L3
) RA/Dec @ Gal. Long/Lat ) From/To @ Pos/Dist
G. Long: 184.558
G. Lat: -5.78419 Radius: a5

B Advanced

Run Selection
) ASCII File

> Single Run
® Database
) Auto. Generated

Loose Selection
[> selected Runs

B8 Run Analysis

& Preload DSTs

-~ RumSelectbn

Number of selected runs : 14

S submit Analysis

2 Reset default config

(“ParisAnalysis” framework)

included output high-level files. § oo e

J000.0

10000

2 e Zool Cpoons it o
[T

= Selecrion Parsmesers

R 75| Run s Trage: | Traching | Mesa |tk < S alected Runs
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Fermi LAT offline computing

3
@
=
=

photon list

Peak time = 8 hrs

Time fram end of run
onboard to delivery of

CTA Toulouse May 17, 2011 l,f“ﬁ
Principal Computing Resources /="

SLAC compute farm (Fermi allocation)
— 1600 CPUs in batch farm running LSF (+ peak loads of >3000)
— 1100 TB disk - xroot — 32 TB raid 10 Sun thumpers
— 1500 TB tape in robotic silo (HPSS)
Lyon compute farm (CCIN2P3, France)
— 1200 CPUs in batch farm running BQS
— few TB disk allocated for all Fermi uses (transfer generated files to SLAC)
— seamlessly used by pipeline from SLAC

* Plans for using Italian GRID
+ Extensive use of relational DB
— Two ‘Niagara’ redundant Oracle servers each with 1.5 TB raid disk

R.Dubois

Science monitoring

LAT+Spacecraft ‘housekeeping’ trending
Bookkeeping (dataCatalog, processing config, etc.)
Science data (e.g., GRB catalog)

Resource trending

6/29
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Fermi LAT offline computing

Py

Fermi LAT CTA Toulouse May 17, 2011 rfn'

: S 5 = - P ,’j
g¥-==. Level 1 Processing Many-Ringed Circus/z =

raw dlgl :ﬂ xrootd used as starting and end points
{xrootd is a cluster filesystem)

R B + recon———

Decompress | Root 'ﬂ

v

L R 5 —a |
B |, g —@— —f-—F
down ‘ e S : 1.5 hr i ]
link ! Fits
. : In E
| 6 GB/day trending data into Dracleg - -‘_'f:; k‘x,_, i
i B ; ’_.n7 Root! Fits
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Fermi LAT offline computing

Fermi-approach:
“web-service” for quality check of data pipeline workflows (recon. jobs)

Web interfaces allows: Fermi LAT e
- Quick overview of data processing e ——

Deliveries/ Runs processing status GRE Alerts

- Flags runs requiring further attention
- Allows “drill-down” to
isolate/identify problems

UPrac [T Trgger Toms can Frecasing. Dats
Sae Logs Datanes rec un e nawe Retie Frowyl AMcrlew
ey [r——
20 120 asanis - -

W Fermi LAT
== Pipeline Il

* fask Summary

Pipeline web interface allows :

-Many views of data processing, down BN = 1 7 B X1 9 0 91 0
to log files of individual hobs A e e
- Jobs submission

- Jobs failing, can be rolled back from the web interface
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CTA

‘ cherenkov telescope amay

Cherenkov Telescope Array:
the first gamma-ray Observatory
for the next decade

Fermi

w
K
E
2
]
E
=
A
w
»
w

1000

E [GeV]

10 km? area at
TR g

gﬁ-,'g-..w.w z ]

Scientific community

Data products G T
> @_._.___-&

L

Observer |t

Virtual Observatory

Proposal

CTA observatory

> oW o AN e
——= === S . Science Operation J Science Data
. . Centre . Centre
Cameras W|th 2000 p|Xe|S Evaluation + selection, Data dissemination
preparation and reduction
A

Triggers at a rate of 10 kHz (array 3 kHz).
Main data stream of 1-10 GB/s.
Total data volume : some PBs per year.

Validation GE ANT
ceee

nabling Grids
for [ -scienc

Scheduling Execution

Array Operation Centre
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‘ cherenkov telescope amay

CTA model analysis

Data Processing Cycle:
for the distributions of
functions and products
in Operations Centres

Data Path to be optimized:
by examining the complete
processing, with reference
to the Data Levels

Preliminary
(work in progress)

Morthern | Southern DL1 Data Files Northern | Southern OL2 Data Files Science Data Centre
Array Operations Centre Renort PO Data Processing Centre Reports PO+E1
=D |:> S epCD =@
Process PO Process P1 F'Fr'{;cgszgs

Al Archive
DLO + DL1

DATA PROCESSING CYCLE

A1 Archive

DL +DL2

A2 Archive
DL2+DL3

+DL4

Raw Event Data Tak1

Raw Event Data Tel-2

Raw Event Data Tel-n

Calibration

Electr. Pedestal
MSE Moise Sub.
Flat-fielding
Gain correct,
Pointing corract.

Shower Imag Tel-1

Shower lmag Tel-2

Reconstructed
Shower Events

Il @

DLZa

Post-Filter

¥ / Hadron

separation

and Energy
Cuts.

DL1a

Reconstructad
y-like events

Shower Imag Teln )

DATA PATH J
Image Param Tek1 Shovrer
P:a::ﬂﬁ:::'lﬂ;n Param Tel-1 Geometry & cr e
Energy Shower Events
Hilas method Reconstruction
Param Tek1
DLib
e
h Spectral
Background y-like Azfy;?s
Separation evenls
Light-Curves
In regiens of FF-source Background &
physical space y-like Ex del
e posure mo Images

DL3

ASPERA — Barcelona, 30-31 May 2011

|

P)

G.Lamanna



cta Preliminary
cherenkov telescope array ( wor k in pl’ Ogl" eSS)

Then a model: e.g. Grid - SAS

User Web Client and/or VM for data searching

Client appllcatlon for analy5|s job submission
T and results info./ file
downloading

High-level data request @

FITS and VObs data access

o=
- forkload
Management
= System (WMS)
LFC

Interface layer
with archive

Example: a possible Grid-SAS model based on
the MC CTACG model and ..

Web Server and

Grid jobs broker o
Grid jobs

management

\ VOMS Server

(CCIN2P3)

(CCIN2P3) ¢
LAPP Internal Network

Storage Element Computing
(SE) Element (CE)

Worker Nodes Storage

Science Archive,
DB and MetaDB systemes,

FITS and VO compliant results
VObs tools (VOSpec, Aladin)

notification and results uploading

ASPERA — Barcelona, 30-31 May 2011

G.Lamanna ’d®



‘ cherenkov telescope amay

Grid data operation system

EasiJob

« description of parameters of a software

Easy Integrated Job Submission

(developed at LAPP and based on ATLAS-Ganga)
(DIRAC is also explored more recently)

» set of parameters, with default values, define if browsable
 representation in data base

« create task based on configuration for this software

« change parameters

» define number of
jobs

« web interface:

- Quality check of data
pipelines Grid jobs

- Monitor workflow
through Grid Worker
nodes

Nukri Komin

Salect configuration

wost

,Easij ob

¥

i Paramaters

le

200 - INFUTS_CTA_ULTRAZ gamma

cuplicae

5
shower paramelers

1 Gensric
10 Random number genemtor
27 Primary particle aptlons

H PRMPAR
X ParticleldD
30 Particl=ld1
31 ESLOFE
22 EnsrgySlope
33 ERANGE
! 3 Energyhin
§ 35 Enargyhax
36 THETAP
37 ThetaPd
4 38 ThetaFl
¥3 FHIP
40 PhiPO
141 PhlF1
432 VIEWCONE
43 ThetaPCone
44 PhiPCone

... although aimed for
CTA-MC is conceived
to configure any
workflow: MC, data
reduction, calibration,

reconstruction,
analysis.
imer
- %‘ Requirements defined in DB :
Analyze paramater e disgrll W
Select a requirement | 1 - No_requirements
’a set:
[=]
Selected
" requirements &
<
Parameter )
. Particlaldi
i other requirement
Paramidentiber #rarticlesdos L.
- IN;
e —— GR
Defaull o
value GRIF-A
IF-LLI
- Gt setup files from DB... | timer : 44 007
Parameler | basic type o %
|.!.p¢ 3 o asks defined in DB for vo.cta.in2p3.fr
Parametar |irm ,-8 R porciont o
: ow I
basic type : s ) Confguration KA - CORSIKA
P oa:  Laepom 3
S Paramerizaion Define new b
Parameter | ra unit (51 ——
umt 93 test_cecil cal il
Falled J d
- onfiguration
ave 3
are €S ts
jobs 14
nfigural _Leeds o
Save all parameters b mt | DG CTAPod AAM 268
matrl Grid sites.
oni
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Grid — SAS (XMM RISA)

RISA (Remote Interface for Science Analysis ) within the XMM-Newton Science Operations Centre at
ESAC / ESA = A Scientific Analysis System (SAS) through web services.

A SAS Remote Interface
that allows users to
reduce and analyze
XMM Newton data,
using a Client/Server
application which 5

RISA Architectural Design

SIAF and CDS query

S / ¥ 4

runs the processes L
in a GRID architecture. | ==
DR
1.
vOSp< ®
T sy,

eeting: San

-@Sa

tander - 15/12/200¢

-=II===-|-II"_

~ .a-""h\

q_in 2

\."u't e
S
gb .50

MyProwy Sendce

{ W—
a)

@ . a

1= = lﬁlﬁ::ﬂ \

Process SOAP (VO Table)
*Unique REQID

*Per] Script

*CridWay Template

*Job Sobmizzion & Statn: Infe

Meta-Scheduler
H ISA Senice [Gridway) 5
. £\ . Hm GRID TEMPLATE
: | -
g i e e ¥
H' ngmaas -m-;—i:-a.\a HAZ xsa
; | e TAG: XMIU-2AS RE?[‘F“
B )
7 |6
] J i \, STORAGE
v
=N\ & \ REQUEST
a— - ',r
N4 P - o
=) % S &
N W :
WOEspace Seniee Storage Elemeridetadata Server
(SE) (AMGA)
\I XMM-Newton  ator 1barra

Astronomy Science Operations Division
Science Operations Department
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Summary

Data rate Data rec. Data
(GB/day) (G B/day) transfer

AUGER 5 Grid

ANTARES 80000 to 20 filt. +30 Central/

shore unfi unf. (Grid)

FERMI 15 750 (L1) Central

HESS <100 <10 (DST) Central
CTA 3-30 103 <3-30 103 Grid

50 kB/s +
tapes

1GB/s to sh.
1 Gb/s to CC

8x2 GB/day
download

Tapes

Tier O
(CCIN2P3)

Tier O
(CCIN2P3)

Distributed
(SLAC+CC)

Two //
(CC+HD)

Member Centralized-TO
users MAINFRAME :
Standalone server +
Member Domain controller.
users Database-centric

architecture

Users + Pseudo-P2P (2T0 ?);
Observers C/S jobs execution
(logical multi-tier);

DB-centric + high-Ivl

data c/s Obs. Access

Member Centralized-TO
users MAINFRAME + c¢/s
Obs.-like services

Users + Client/server multi-
Observers tier architecture
(e.g. CTACG-MC-

GRID and XMM ) ?

ASPERA - Barcelona, 30-31 May 2011
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Summary and conclusions

Astroparticle “event-experiments”:

- Recon./Analysis :Not specific “complicated’ algorithms (not really computing demanding)

- Relatively low rate, fast reco., calibrations more critical (Grid-MC and re-processing), database-centric.

- Computing architecture is more affected by data acquisition and data transfer issues. (services applied
and available at CC: XRootd, SRB, HPSS, Oracle DB, dCache, .... and Grid middleware)

- Data access issue becomes critical for the Observatories (data type, services, users/observers) .

- ESA and NASA constrain (and support) the need for rapid processing and open access....

- HESS model is already “observatory-oriented” but still centrally manageable.

- ESA (e.g. XMM) applies GRID-paradigm for SAS. (GRID as a secure and mature distributed batch system
moving to cloud = Grid + simplified porting non-batch applications)

- CTA Observatory..... will implement the first “ASPERA-Observatory” computing model for Astroparticle
Observatory Data Center ?

-> A multi-tier architecture /client—server architecture “in which the presentation, the application

processing, and the data management are logically separate processes” and modern ICT solutions

lapp)
ASPERA — Barcelona, 30-31 May 2011 G.Lamanna



Thank you |
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