ICT@INAF Workshop, Cefalu 2015
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‘
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ASTRI DATA MANAGEMENT.

From ASTRI Prototype and Mini-Array to CTA.

L. Angelo Antonelli — INAF-OAR & ASDC
for the ASTRI Collaboration & the CTA Consortium



DATA MANAGEMENT

AIFENDPOINT
PK | ENDPOINTID
PK |DATAAREAID
AIFLOCALENDPOINT
FK2 | OUTBOUNDCHANNELID
PK | LOCALENDPOINTID STATUS
<
< INTERCOMPANYCOMPANYID
el INTERCOMPANYORG
SR FK1 | LOCALENDPOINTID N
=D ENCODING
NAME
PREVENTLOOPBACKSEND
PROPAGATEERRORS
AIFCHANNEL RECVERSION
PK | CHANNELID RECID

A

FK1 | RESPONSECHANNEL

DIRECTION

TRANSPORTADDRESS
AME

FK2 | ADAPTERCLASSID
MAXIMUMBATCHSIZE a a e
ENABLED

PARALLELPROCESSING
RECVERSION

/) k3

Science Tools

N

\M AFRAID HE CANT COME To i
THE PHONE , HES IN THE MiDOLE Deals

OF A MONTE CARLO SIMULATION Departmenl‘

Simulations Data Access
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ASTRI DATA MANAGEMENT TEAM
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 Introduction: CTA & ASTRI
» Data Analysis Software.
* Archive.
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. OUTLINE
* Introduction: CTA & ASTRI
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AT

CTA: The Cherenkov Telescope Array
Two sites (North and South) for a whole-sky coverage CTA

Operated as on open Observatory The Cherenkov
A factor of 10 more sensitive w.r.L. the current IACTs Telescope Array

A few large telescopes

to cover the range ~Kkm?2 array of medium-

20 - 200 GeV sized telescopes for the
100 GeV to 10 TeV domain

~10km? array of

small-size telescopes,

sensitive above a few
TeV up to 300 TeV

15 MSTs (N)

4LSTs (N&S) 25 MSTs + 24 SCTs (S) |

o i g g

N - A o

- l‘: W - 2 , .

} > X 2 70 SSTs (S)
Ve

71\ / \\
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Sensitivity:

1 1 lllllll

10'

A deeper sensitivity (about a factor 10) on a wider band ( from 20-30 GeV to 100 TeV)
more then 1000 new gamma ray sources are foreseen to be discovered.
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St The CTA Project in a nutshell. \

CTA is an ESFRI Project

o~

N

31 countries, ~1200 participants, ~180 institutes, ~400 FTE
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The CTA Project in a nutshell.

e |

Pttt et
)

s

(e—

CTA NORTH W/V'@,? s
2,

CTA SOUTH

Paranal ‘/-VL
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CTA will be a PB project operated as an observatory open to a large scientific community.

Scientific community

Data products
Observer -

Virtual Observatory

Proposal

CTA observatory

ation |

Evaluation + selection, Data dissemination
preparation and reduction Data archive

Data reduction

. Monte Carlo simulation
Data Dissemination

.~ Scheduling ; Execution

——— ‘
Proposal handling
Science Management
Operation Planning

Validation

GEANT

Telescope Operation
Data Acquisition
Performance monitoring
On-site analysis execution
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CTA Data Flow

Data production

Raw data volume sharing
DLO-to-DLS pipelines, second
versions and data replicas production

Reduction
to1/10
On-site data-reduction software

Data replicas distribution

mssssaad

Data flow from CTA sites

_)

Users access and external interfaces

11

Storage elements

CTA NORTH

SAS
fordata
analysis

MC simulation
distributed
infrastructures

DC1 & CTAO-DMC

4.1PBJy —
monitoring
0.32 GB/s Management System
1
Archive Management System Advanced
0.54 GB/s 2 yst I——g}’ o,
Observatory -
User Support Basic
users
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MC Production 2014-2015

* About 20 centres currently support the CTA VO. They are classified as:
o Production centres if they provide CPU only -> used for MC production

o Analysis centres if they provide both CPU and storage resources —> used for MC production and Data
Analysis

CPU usage by Centre

* Total used 2014: 94 M HS06

* 87% CPU for MC production

* 13% CPU for Users Analysis (7 active users)
* (2.6 M executed jobs in 2014)

Storage resources at 6 Analysis Centres
* Total pledged 2015: 1.4 PB
* About 400 TB more disk than in 2014

Centre Allocated Disk Pledged Used Disk
* Total pledged 2015: 143 M HS06 2014 (TB) Disk 2015 (TB)
50% FRANCE; 20% POLAND; 14% GERMANY (TB)
0, « /10, o
Lo ITALY; 8% SPAIN; ete. CYFRONET- 448 600 206
104 V\'Ieeks from‘Week 12 c:f2013 to \‘Neek 12 of|2015 i LCGZ (PL)
DESY-ZN 336 336 204
(DE)
IN2P3-CC 190 270 98
| (FR)
GRIF (FR) 50 120 61
, IN2P3-LAPP 60 100 51
Apr 2013 Jul 2013 Oct 2013 MJ::: 2041;4 A\’er:gper.210;?5v currej\r.:lt.le]“lé7 Oct 2014 Jan 2015 ( F R)
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Without data compression: prototypes
and the final array.

ASTRI => ~0.8 TB/Night
=>~0.3PB per year
MA/SST => ~3TB/night
=>~1PB per year

CTA => ~24TB/Night
=>~10PB per year

Thus 10 PB per year including calibs,

reduction and MC simulation data.
this is the OPTIMISTIC SCENARIO
The pessimistic one >100PB/year !

The CTA Archive system must store,

manage, preserve and provide easy
access (IVOA Access) to a such huge

amount of data for a long time.

350000

300000

250000

200000

150000

100000

50000

Nb of Thytes per year - Close to minimum scenario

€T0C

T0¢Z
STOC
9T0¢
LTOC
8T0¢
6TOC
0coc
TZ20¢2
czozc
€202
zoz
szozc
9z0¢
£Lz20c
8c0¢

B Cumulated Volume South site Cumulated Volume North site

6c0c

0€0¢

T€0C
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SOFTWARE DEVELOPMENT COMPETENCE CENTERS

. _ e SOFTWARE DEVELOPMENT COMPETENCE CEl
?m:ﬂs::::a“"r;r; sl

CTAC Access ) .

I| RECO VO tools Sci. Tools IRF MC Calib.

From

RAW DATA
Gatewa .
y Archive
Mapping
Archive, ENTRAL “
Pipelines, DB
Helpdesk,
Support,
Observatory To SCIENCE
Services. TeCh DATA READY DATA
CTAO DATA MANAGEMENT CENTER N —

& Data Center 1 (DC1) T~
Archive INGEST \\
CTAO=CTA _
Observatory Raw Science DATA
CTAC=CTA
Consortium

+ Tech. DATA
DCX= Data Center X CTA  CTA TELSCOPES & AUX
South North COMPETENCE CENTERS




AT

-8 Pol

Gerl‘le%SJ?u—m

A tas
o R
Mex ﬂ

1. AN AR
SA

Bra

CTA Cloud

(from CTA-DATA-TDR, v1.0, January 19, 2015

« High Performance Storage System (massive _
/0) ( « Secure access to data (different level of access)

. Hiagh Throuahout Storage Svstem . Linear scalability (dimeqsion increase with time)
(optimized transfer _vs_ minimize latency) : H_ardwarl: No-Single Poflnt of Failure (no-SPOF)
. Long-term durable, persistent data storage . High Performance and fault tolerant DB (handle

. High level of availability. low access latency BllgI.I)a.ta) ,
« Minimize costs (costs vs_ benefits)




Distributed Archive System

To manage all this data-flow we identified a Distributed Archive
System as a cloud resource composed by several storage entities

(NODES).

An hardware/software entity
4 I

Storage Node (SN)
+

Distributed File System (DFS)

< '
Distributed Database (DD)
+

\Distributed Computing (DC) ) IN D'GO D OtOClOUd

This is the “building-block” for a scalablg buted cloud storage.
We are developing the ASTRI prototype # 'ﬁd as single SB.

— several SBs — network of distributed resources (CTA Cloud) —
fault toleracy, geographical distribution (and commitment) for CTA partners.

N/
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, Project ASTRI in a nutshell ‘

* Project funded in 2010-2014 by the Italian MIUR “Progetto Bandiera™ (> 40
FTE)

* Now the project continues with the support of MIUR (“Progetto Bandiera
extension”) and MISE (“Industrial Astronomy” program) with the participation
of Universities from South Africa and Brazil

« End-to-end SST-2M prototype:

— Validation and commissioning of the telescope via Cherenkov astronomical
observation

« End-to-end implementation of a mini-array (# 9) of SST-2M (pre-production)

at the CTA southern site:

— Validation and commissioning of the array (including trigger and SW) via Cherenkov
astronomical observations, first CTA scientific data

— Aiming at the construction of 35 out of the 70 SST units of the CTA southern array
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2M Prototype
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ASTRI/CTA Mini Array
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| OUTLINE |

» Data Analysis Software.

X\\eries

Astronomy ESFRI & Research Infrastructure Cluster
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Top of the atmosphere

Shower maximum
~ 10 km

A

* Primary CRs (p, o, €%, Y ...)

* Extended Air Showers (EAS)
o Hadronic showers (>99%)
o Electromagnetic showers

A

* Cherenkov radiation emission
o optical and near-UV light Focal plane
o flash duration ~few ns
* Light collected by the mirrors
* Light focalized on the cameras Fotal plane
* EAS images in the focal planes
* Image parameterization
* Array reconstruction
* y/h separation
 direction/energy 1g

Y signal, flux, L.¢4

maging
tmospheric
herenkov
elescopes
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Custom SW
TRIGGER ith GPUs

: (On-line/On-site
On-glte Analysis)
Archive
RAW, CAL, AINALT
TECH, MC, EVT, (Off-line/On-site

SCl Analysis)

OBSERVATORY

DATA CENTER
Off-Site —
RAW, CAL, (Off-line/Off-site
TECH, MC, EVT, Analysis)
SCI, VO
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AT

ASTRI Data Levels and Data Flow

_ | EVTO/MCO / CALO/ SCI-TECHO / CALDB

Tel. Camera Calibration & Quality Checks

astricalext / astrical

CALIBRATION
|

» EVT1a / MCla / CAL1 / SCI-TECH1a I

Tel. Image Cleaning & Parameters & Pointing

astricleanpar

l EVT1b /MC1b / SCI-TECH1b I

Tel. LUTs & Shower Reconstruction

astrilutsST / astrireco’™

EVT1c /MClc/ LUT1/ SCI-TECH1c I

| RECONSTRUCTION |
A

ST=SINGLE-TELESCOPE-MODE

Array Data Merging & Parameters

astrimer

f EVT2a / MC2a / SCI-TECH2a DI

Array LUTs & Shower Reconstruction

astriluts® / astrireco”

- EVT2b / MC2b / LUT2 / SCI-TECH2b l

| anALysis |
A

Array Event-Lists & IRFs /
GTI Generation

_ EVT3 / IRF3 / SCI-TECH3 I

A=ARRAY-MODE

g

astriirf / astriana

Detection / Spectra / Skymaps / Light-Curves

ASTRI Science Tools / CTOOLS

| SCIENCE |
A

=

SCIENCE PRODUCTS

]
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The ASTRI SST-2M Prototype and
Mini Array Data Pipeline

follows the general design and
data model scheme defined in
CTA Data Management

manages FITS data (from DLO
to DL3) adopting CFITSIO/
CCFITS libraries;

is written in C++ (Unix
environment) / CUDAY (for
GPU/ARM coding);

is developed in independent
software modules linked by
pipelines written in Python;

will make use of ad hoc and
official CTA Science Tools for
final scientific results production
(DL4).




(&9 ASTRI SST-2M Prototype Data Reco & Analysis SW Status

i [ DL2a/b
s > > [ (Event Lists + GTI
407 and corresponding IRFs
5 i
20 = WORK IN PROGRESS
10:— :,
= > _>1°g DL3
% "% moowoow w o Eventlistsand

x[pixell  corresponding IRFs

wogﬁsss D L 4

(SCIENCE PRODUCTS)

DL5

(OBSERVATORY PRODUTS)
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ASTRI P MC REL 001 data

INTEGRAL SENSITIVITY

10

T-T.TITIT

—
§ -

Minimum Detectable Flux (5s, 50h) [C.U.]
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chefenkov telescope array

A-W RECONSTRUCTION (DL1c=>»DL2a) Status

VLY WWIG. WUIALVIG (Wivaliu==—1 [ NSLE I WLV AT
STEREO RECON. == res d05 o
. F Entries 409488 | 14000~ Entries 409488
C Mean x -0.7236 [ ~ Mean 7566
1500 — Mean y 2.94 C RMS 1284
ASTRI I\ E |RMSx  269.3 | 120001
O 1000F- RMS y 253 C
= 10000[—
soof-- - MAX HEIGHT
8000(—
0 80C C
File Edit Tools He = soc 6000
-500— ~
Index Exten 0T . : : B = soc 4000
T ot s b TR . .
0 Prn iso0f- n. E 'PﬁS‘I-— - 200 2000
- ..CORE_POSITION :
EVE '2°°£’056""'15106"‘10'06"';)(T'"g'“"5&3"'%0%6”%5'00'"'2000° P T R e S PR RPN P P I R B
1 - ; ; ; 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
i 1 2
2 SIM_EV%\ Binary 11 cols X 50000 rows Header | Hist | Plot All Select

N\ fv: Binary Table of astri_23_002_00001_R_009999_001_0201.lv2a[1] in /astri03/datal/lombardi/ASTRI/ASTRI_ANALYSES/ANALYSIS_REL0O02_ARRAY/SIM/DL2a/MC2a/gamma_ptsrc/arrayconf_1/teltype_1/rf1/test/
File Edit Tools Help

HSTVALID W STXDIR ESTYDIR  MSTXCORE MSTYCORE  MSTMAXH M STMINDIR M STMINCORE M STMINMAXH  MSTIP BEVINUM M NTRIGTEL M TRIGTEL M TELTYPE M NUSEDTEL

Select 1L 1E 1E 1E 1E 1E 1E 1E 1E 1E 14 14 14 14 14

ma [deg] [deg] [m] [m] [m] [deg”2] m*2] m”2] [m]

Invert | Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify Modify

1 7 | 1.116531E-01 | 5.010708E-02 | 6.028513+02 | 1.422720+02 | 0.000000E+00 | 2.414397e-17 | 1.697185E-09 | 0.000000E+00 | 6.194120E+02 1106 7 13 1 2 =

2 T | 1.116531E-01 | 5.010708E-02 | 6.028513E+02 | 1 .422729E+02 | 0.000000E+00 | 2. 414397E-17 | 1 697185E-03 | 0.000000E+00 | 6.194120E+02 1106 7 1 1 2

3 T | 1 180399E-01 | -2.722386E-01 | 1.090776E+03 | 7.164079+01 | 0.000000£+00 | 6 684230E-17 | 2 523765E-09 | 0.000000E+00 | 1. 093126E+03 3507 3 13 1 2

4 T | 1 180399E-01 | -2.722386E-01 | 1.090776E+03 | 7.164079+01 | 0.000000£+00 | 6 684230E-17 | 2 523765E-09 | 0.000000E+00 | 1. 093126E+03 3507 3 15 1 2

5 T | -7.600708E-02 | -4. 709019E-02 | 4.399545E+02 | -3. 393379E+02 | 0.000000£+00 | 5. 765386E-20 | 0.000000E+00 | 0.000000E+00 | 5. 556169E+02 5303 10 16 1 2

6 T | -7.600708E-02 | -4. 709019E-02 | 4.399545E+02 | -3. 393379E+02 | 0.000000E+00 | 5. 765386E-20 | 0.000000E+00 | 0.000000E+00 | 5. 556169E+02 5303 10 15 1 2

7 T | -1.253837E-01 | 1.279560E-01 | 3.071549E+02 | -4. 125042E+02 | 0.000000E+00 | 8.248764E-02 | 2.842357E+05 | 0.000000E+00 | 5.142954E+02 5308 11 16 1 4

8 T | -1.253837E-01 | 1.279560E-01 | 3.071549E+02 | -4.125042E+02 | 0.000000E+00 | 8.248764E-02 | 2.842357E+05 | 0.000000E+00 | 5.142954E+02 5308 11 15 1 4

9 T | -1 253837€-01 | 1.279560E-01 | 3.071549E+02 | -4 125042€+02 | 0.000000E+00 | 8 248764E-02 | 2 842357€+05 | 0.000000E+00 | 5. 142994E+02 5308 11 1 1 4

10 T | -1 253837€-01 | 1.279560E-01 | 3.071549E+02 | -4 125042€+02 | 0.000000£+00 | 8.248764E-02 | 2 842357£+05 | 0.000000E+00 | 5. 142994E+02 5308 11 13 1 4
=] L7
Goto: [ Egitcems|

STEREO PARAMETERS ARRAY INFORMATION
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AT

STEREO RECON. DIRECTION ESTIMATION

ASTRI-MA MC REL_002 data

!
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= 1 — ———— Dir
g ~ . i LTI Entries 335525
T 08— - o e e : _'-.'__:- T - | Meanx 0.002461 DO
>'—_' = A il .. &7 7 = "|Meany 0.0002838

- . L.t So-t. |RMSx  0.1427 DO
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T ooafe ik SR T e
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A 02 = = 1200
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Q.2 T =" —{800
045 . : o _ 600
-0.6 E— (@ - BCEl B ¥, -',;.9-;7.5-'_.; . ] i o 400
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Benchmarking new hardware solutions: ARM+GPU ‘

<A NVIDIA.
o)A Jetson TK-1  gpy
192 cores @ 192% RESEARCH
CENTER
= s JTAG
U—v—, RERRARERE I
¢ Expansion 1/O
%“:] SD card

USB host-—’ s

jonmiis

PCle Ethemet —»
-

Headphone, . é _ ‘ Lo
microphone e N Fis SATA pg

USB micro-B , Al Soft power
recovery port - 2

Reset

Force recovery
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' RECO on Jetson TK-1

< NVIDIA.
GPU
RESEARCH
CENTER
* Data reduction in <6 W (real-time) on Jetson
TK1:

— calibration (ADC — phe)
— cleaning (single core)
— image parametrization
 Photon list (img. parms — E, hadronness,
direction)
— via Breiman RF: running on Shark
— distributed on GPU (K40)
— test on DNN on-going
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' RECO on Jetson TK-1

< NVIDIA.

GPU

RESEARCH

2kPx| x 4 B/Px| x 1kHz = 8 MB/s CENTER

30 s batches = 240 MB

5 s I/O (FITS — input data; output data — FITS)

10 momenta ~ 20 kKFLOP/Px| ~ 40 GFLOP/1kEvt
~ 3J/1KEvt

cleaning/clustering ~ 10 s on 1 core

Average current over 30 s (2 batches): 0.43 A

Average power over 30 s (2 batches): 5.2 W

2 KEvt/s on current version (twice the reqgs)

Expected 4 kEvt/s on TX1 (same power, but some

tweaks)
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, ASTRI SST-2M Proto & Mini-Array Data Handling & Archive

 Archive.

L. Angelo Antonelli — INAF — ICT Meeting - Cefalu, Oct. 6t - 9th 2015




cta

cherenkov telescope array

CTA Archive

3
Descriptive Data Descriptive ~
Info Management Info
P Ingest ' [l aumm.. o
| | ! (o]
R I Access|_ | orders N
. o] | Archival s
1 — Reference Model: OAIS |o i Storage )| =" |,
E ( B
R L Admln:stratlon ) R
|
MANAGEMENT
‘ CTA ‘
ARRAY Data flow
= (EVT,CAL,TECH,IRF)
2 CTA ARCHIVE SYSTEM S
5] On-site ™ Queries - Browsing
B3 1 I —r
TRANSFER —mE .
I!\JGEST — > STORAGE — UNIT
(LR I l < query CTA
Jata Kotneval SO responses Inte rna|
=
c
= . . .
- £ RECO SCIENCE 2 — CTA Archive Organization
2 RTA TOOLS
3 4
()]
« Jata Fctniceal Do Retrimyzi query
A L ACCESS ¥ —
e — | ] — responses
INGEST ——— STORAGE — TRANSFER
UNIT
g | |
o7 Off-site

el
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PG CTA Archive System Concept Design & ASTRI

‘ CTA
ARRAY Data flow

S5 (EVT,CAL,TECH,IRF)

5 CTA ARCHIVE SYSTEM >

::.‘ On-site P M

i | i
TRANSFER mc

INGEST — STORAGE — B

UNIT

« ASTRI On-site archive:

temporarily contains DLO
data files (EVTO/CALO/

= el TECHO) and products of the
1 | in situ OPA and DOPA.

L_vata ketneval Dt flebrimy s query
(RN e ACCESS T responses A
INGEST —— STORAGE — TRANSFER % % %
UNIT Archive Manager

» T I External Users Archive Scientist Data Proc. Eng.

Off-site

I

—, ACCESS

query

ADMINISTRATICN

MC ‘ (from CTA-DATA-TDR, v1.0, January 19, 2015)
STRI ar

« ASTRI Off-site archive:

contains all RAW data, data
reco products and high-level
science products

l

Observatory

¥ Off-site archive
L

On-site archive P
——m——
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Science Archive Organization

/tmp

storage directory

\ 4

DATA FLOW

arch-daemon

!\) /\
ARCHIVE =~ — | DBHngest
ILE permanen METADATA

Storage storage

\_YD/

ﬂilgipelines (On-sitelOff-siteIOn-Linel..J}T

A
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Primary: LON:Z@ - - INAF OAR

s
Primary: NYC v Secondary: NY
Secondary: LON Secondary: SYD
Phase#1 ASTRI prototype
Secondary: SYD . (ROME SIteS)

Primary: SYD

Secondary: LON

Secondary: NYC

INFN - LNF
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INAF OAR
Phase#1

Secondary: NY

Phase#2 SST-2m miniarray
(ITALY sites)

Secondary: LON Secondary: SYO

Secondary: SYD | e

Primary: SYD

Secondary: LON

Secondary: NYC

INFN - LNF
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Phase#1

Primary: NYC
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. Prototyping CTA Archive ‘

LEV-A: first prototype of the CTA archive is going to be realized in order to archive
and manage all data products coming from the CTA/ASTRI SST-2M prototype.The
CTA/ASTRI SST-2M archive system will provide full access to several archive users
to the whole data set in order to archive, reduce, analyse and publish scientific data
in a Pl-oriented platform.

LEV-B: the second level is an archive system prototype capable of efficiently
manage (for archiving and data-processing activities) data coming from several
telescopes (mini-array) with several and (possibly) different kind of cameras
technologies.

LEV-C: CTA Archive core. It is the final prototype version totally compliant with CTA
requirements.
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, CONCLUSION

 The ASTRI Project is now moving from the
prototype construction phase to the CTA
pre-production phase.

* A complete data analysis and archiving
system is under construction.

 Several solutions are tested in order to be
suitable and finally selected for CTA.

L. Angelo Antonelli — INAF — ICT Meeting - Cefalu, Oct. 6t - 9th 2015



L. Angelo Antonelli — INAF — ICT Meeting - Cefalu, Oct. 61" - 9t 2015




