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Today, Together

- Why grid computing

A success story: the grid for the LHC

-_Other Grids
- Behind the scenes

Technical details

= Going forward

Standards, simplicity, clouds

- Accessing the grid




A few words on the speaker

« Before 2011: experimental particle physicist (colliders)

w Detector in US, Chicago, ppbar collider Tevatron Vs =2 TeV
- calorimetry, simulation, SUSY search

- calorimetry, non standard Higgs boson search
- responsible for the ATLAS computing activities in a major centre (T1)

% Detector at CERN, Geneva, pp collider LHC Vs = 14 TeV

« Since 2011: Research engineer in computing at IN2P3 (National Institute for Nuclear
and Particle Physics in France), part of CNRS (National Centre for Scientific Research)

- Grid computing Wt cmm, B CISEINGS

- Application porting
- Technical coordination LCG-France

UNIVERSITE
& Grenoble
d Alpes
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Why grid computing ?



Searching for the Higgs

The Higgs boson could be produced in the collision of two protons

proton .
Time
-
Two protons collide ~ Two gluons (constituents ~ The Higgs decays The stable particles
Of the protons) do fusion  instantaneously ina W in the final state (here e, v)
and a Higgs boson boson pair (which decay get to the detector

gets created themselves further)
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In practice

Chambres & muons Calorimetres électromagnétiques
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Event production rate at the LHC

proton - (anti)proton cross sections

e Bunch crossing: 40 MHz

10" g s T 10° .
" 5 - 100 000 CDs written / s
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Tevatron LHC 3
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Quantity of stored data

« Let's do a quick calculation

¢ Ballon

- Each experiment stores ~100 events /s

- Each event counts for ~1-2 MB

Pile de CD par an
de données LHC

— several PB of data produced per year and per experiment

- equivalent to 600 000 DVDs movies produced per
experiment and per year

]
Concorde

1 MB
1 digital picture
1 dictionnaire

1 CD =650 MB
> Enormous amount of data

to analyse and to store;
B = 1000 GB i No single computing centre
s e e aran | 8 could manage it alone.

1 GB =1000 MB
5GB =1 DVD movie

Mt. Blanc

1PB = 1000 TB
Production par an de
1 expérience LHC

1 EB =1000 PB
Production mondiale
d'information en 1 an
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“Events”

« Data are organised in “events”
- A"picture” of a collision
- With millions of sensors

« Each event is independent from other events
- And it is quite small

e Algorithms process events one by one
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101100
110111
100001
10101
001010
111001
010111
100010
100100
000010

101011
001011
111100
110011
01000
100109
001001
010100
101001
100101

Pixels — yes/no
Calo — voltage
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Raw data

010001
001100 Stored on tape
100110

100101 at CERN
001010
000011
010100
101111
001 LU ] I
111001 | ,’/,Z’,WWW

///////W/llll/ll
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Size/event

~1.6 MB

10.8 MB

10.2 MB

10.01 MB

\

How do we look into data

Data Format Processing step

1) RAW: raw data
« Signal from detector channels

Reconstruction
* Hits — tracks
2) E.S.D.: “event summary data” . 1-3 times a year
* Object lists and channel details . improved Calibration
» Detail studies of detector
performances

Object Identification
» Known interactions

3) A.O.D.: “analysis object data”
 List of physics object
» Useful for the further selection
of interesting events

Analysis of reconstructed events
» Event selection
* 10 times a day
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How do we look into data

Size/event Data Format Processing step

1) RAW: raw data
-1.6 MB - Signal from detector channels

Reconstruction

* Hits — tracks

e 1-3 times a year
improved Calibration

bject Identification
¥+ Known interactions

alysis of reconstructed events
» Event selection

o e = e 10 times a day

hitp:/fatlas web.cermn.chidtlas/public/EVTDISPLAY fevents. htm|

\
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How do we look into data

Size/event Data Format Processing step

1) RAW: raw data
~1.6 MB « Signal from detector channels

Reconstruction
e Hits — tracks
 1-3 times a year

Tracking Electromagnetic Hadronic Muon detector

calorimeter calorimeter ° improved Calibration
Fhotons ;
Electron Object Identification
Fositrons . .
i * Known interactions
—_—
Charged
hadrons
Meutral
hadrons
Neutrinog Analysis of reconstructed events
 Event selection
Innermost laye » Outermost layer * 10 times a day
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How do we look into data

1400

[ non-WW diboson « improved Calibration

Size/event Data Format Processing step
AR AW raw data

2] - [ | [ [ | | | I

® 24005 ATLAS —— Data _

7 2200f ] WWoevpy Reconstruction
2000 [ Drell-Yan * Hits — tracks
1800F- [ top-quark « 1-3 times a year
1 600 f_ - W+jets

1200
1000
800
600
400
200

\J

10.01 MB

II|III|III“II|

’IIII‘ Gstat+syst

Object Identification

det =461 : :
« Known interactions

\s=7TeV

2 3 4 3 6 7 8 9
Jet Multiplicity

Analysis of reconstructed event
» Event selection
* 10 times a day
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Events

Interpreting data

In other words:

o3 ATLAS —+ Data E Compare the data
3 - [1WWoevav | with a model (MS
2000 ] Drell-Yan — ( )
1800F A [ top-quark =
1600 B WV+jets E
1400E- ™ non-WW diboson 7
1200 ;._J_’H 7 [Z70) Ostatszye E » Agreement data/simulation
1000EL7777 E (understanding of the detector)
800 = det =46fb" E
600F Vs =7TeV E  Find deviations
400;_ ' _= (discovery of new phenomena)
200 e —
0 ' | b 1, -
o 1 2 3 4 5 6 7 8 9

Jet Multiplicity

Getting results from an experiment: no way without simulation !
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Simulation of RAW data

Three ingredients :
1) “Physics” modelisation (collisions, hard process, ...)
2) Particle/matter interactions in the detector layout
3) Signals transmitted by the detector

101100 101011 010001
110111 001011 001100
100001 111100 100110
110101 110011 100101
001010 101000 001010
111001 100101 000011
010111 001001 010100
100010 010100 101111
100100 101001 001010
000010 100101 111001

antiproton

—>>

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing



Summary

Centralised operations group/individual

Reconstruction Identification

N | . Electromagnetic  Hadronic Muon detector
g = Jorimeter

calorimater

Phi
otons g

101100 010001 Fostne

110111 001100 S

111100 100110 Tan>

110101 110011 haons

001010 001010 i - = Nowesy,

.. 01 000011 o /"' B t layer ———————————————————— Outermost layer
010111 010100 m—

—+— Data
[ WW—evpv
[ Drell-Yan

[ top-quark

Il W+jets

[ non-WW diboson
[ZZZD Ostatesyst

Simulation

ILdl: 461"
\s=7TeV

Tra.mmagne Hadronic  Muon detector
= calorimeter

Jet Multiplicity

e* Photons g
w* v 101100 010001 Fostons

Muon:
Muons

Charged
hadrans >

i 110111 001100

» 111100 100110

5 110101 110011

001010 001010 ' - :

* 100101 000011 a7 Callslon Event
b 010111 010100 ——

Neutral
Tadrons >

antiproton

Innermost layer ————————————————— Qutermost layer
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A new order of magnitude

CMS Experiment at LHC, CERN

Data recorded: Mon Nov 8 11:30:53 2010 CEST
Run/Event: 150431 / 630470
Lumi section: 173

viovaul Ubwlyﬂ\/.lllhy.l el

ANIJLL L XL uullu\)l 201

Argentina
Armenia
Australia
Austria
Azerbaijan
Belarus .
Brazil
Canada
Chile
China
Colombia
Czech Republic
Denmark
France

P—

Slovakia
Slovenia
South Africa
Spain
Sweden

B NTLAS

(©) l,labbr?a_t‘




A new Challenge

 No new concepts, but new orders of magnitude
— one single site could not do all the computing alone
(e.g. resources, cooling, money)

* Though,
- Computing centers already existing worldwide
« Often shares between several communities
— Founding is provided locally
— Concepts of grid computing fits to the HEP model Term taken from the
* Authentication / trust / solutions for heterogeneity “electric power grid”

— decision (technical & political) to build a grid infrastructure for the LHC computing

=)
Q
» Share of resources from several units for a common goal &
£
A/V T
(@)

< AUS

user S

.
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Building WLCG




Grid Computing concepts

Edited by lan Foster and Carl Kesselman

: G R I D 2 The Grid: 1998 and 2003 (2nd Ed.)

Grid is used by analogy with the electric power grid...
has had a dramatic impact on human capabilities...

« Coordination of resources not centrally managed
» Use of standards protocols

« Access rights

Catalyser: development of high rate and extended networks (GEANT in 2000)
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A few words about history

1999 - MONARC project

—  First LHC computing architecture — hierarchical

distributed model, focus on network control CERN
2000 — growing interest in grid technology /
— HEP community main driver in launching the DataGrid project
2001-2004 - EU DataGrid project Jﬂa L .
— middleware & testbed for an operational grid

2002-2005 — LHC Computing G

— deploying the results of DataGrid to provide :
production facility for LHC experiments

2004-2006 — EU EGEE project [[R_—. ﬁ
= st;rts from the LCG grid C

. i;iﬂ?hﬂ??ggtlﬁgrl?erfwi;r:f;[’é:gi and science ‘? ﬂi"h _'J“".
2006-2008 — EU EGEE project (g ee

— expanding to other communities and science m . .

— Scale and stability = _.

— Interoperations/Interoperability . C
2008-2010— EU EGEE project phase 3 CLERE
— More communities nabling Crids
— Efficient operations for E-scienc
— Less central coordination

2010 -201x EGI and EMI ‘

— Sustainable infrastructures based on National Grid Infrastructures
— Decoupling of middleware development and infrastructure =
— Merging middleware stacks in europe ﬁ

LJ
EUBCIPEAM MIDDLEWARE IMITIATIVE e 6 I




Sites around the world

biscarat@lpsc.in2p3.fr

b & Py - 4 LHC experiments
4 A - 170 sites
LDAP - 42 countries
; ‘o ~__ ~-dedicated links
QlQ@ EW ,f“«.m.z V\-A. N E_J_}h;'

Resources :
> 350 000 cores

~ 700 PB

WLCG sites

Source : http://wlcg-public.web.cern.ch/
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Sites hierarchy

Tier-2 sites - Raw data storage
(about 140) - Initial reco pass
o - Data distribution
Tier-1 sites 1l
10 Gbit/s links _ Tier-1:
12 - Permanent storage
- Subsequent reco passes

Tier-2:
- Simulation
- End user analysis

In_addition (end user analysis):
- Tier-3
- Local clusters

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computit.g
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Data flow

TO0 at CERN
- First pass processing
- Storage (data flow ~300 MB/s) Eggi
- Transfer data to T1s = Ee=t
1L
i | o Computing center
LHC - B CERMN

e WL LT As ALICE
: P‘-'-""“t ' =z Point 2



CERN tape writes

Tranatered Duts Amourt par Virtual Drganizsiion far WHITE Requani

CERN tape
writes

June-July 2016:
> 500 TB per day

27 PB

4,500 B alice
23 PB =359
3,500 15 PB =y

3,000
2,500
2,000

Transfered Data Amount ( TB )

2008 2010 2011

Time
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1,500 B other
1,000 B user
<ol lexed T ki .

B compass
M hchk
B nasi
B ntof

2012 2013
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LHC Optical Private Network (T0-T1)

Agreements to provide

AS1

NL-T1 ] [
162, 1104
|

AS58065

DE-KIT IT-INFN-CNAF
A5137

back-up links between T1
Elllllllllllll |||||||ll|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||§
. -
[ TW-ASGC [ ES-PIC CA-TRIUMF [ US-T1-BNL US-FNAL-CMS

g"" AS24167 AS43115 AS356391 A543 AS3152
=\ J
2 [ Kkr-KisTI RRC-KI-T1 |
E AS17579 _ #SSiﬁH '"E
; \ - ' CH-CERN — N ’ E
= | Uk-TI-RAL = 'M; -.K RRC-JINR-T1] i
; ‘ asszla;fs J ;
2 ( nDGF . \
Do FR-CCIN2P3 | :
- ] (1 :
E il )

—T0-T1 and T1-T1 fraffic
s T1-T1 traffic onty

B = dlice | = Atlas ] = CMS
edoardo.marteli@cern.ch 20161010

LHCh

biscarat@lpsc.in2p3.fr

— 1:13:;;5
40Gbps
— | 0GEpE

L L L LT L L LT L T T T L T T LR T LR T

LHCOPN
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LHC Optical Private Network (T0-T1)

2016 traffic statistics

~180PB moved in 2016

70% increase compared
to 2015 (was ~105PB)

EEO@DCOE
R

; EEEECOEDT
ru HHHH A
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GEANT's pan-European research and education network interconnects
Europe’s National Research and Education Networks (NRENS).

I n E u ro pe Together we connect over 50 million users at 10,000 institutions across Europe.

—1-9 Gbps

= multiples of 10 Gbps
= multiples of 100 Gbps

e 1-9 Gbps s}
wee  iultiples of 10 Gbps
m=m  multiples of 100 Gbps

https://www.geant.org/ i

—DFN_
p—
DE| Germany 5
B RENATER ‘ &

FR| France

GEANT’s pan-European network is funded by the GEANT Project (GN4-2). This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No. 731122. The map shows topology as at January 2017. The GN4-2 partners are listed below.

8 iRE¢NAM|
BWITCH WreNATER Sexkk  OMBEN e
[AR] Armenia Switzerland Denmark” France Hungary Italy [ME] Montenegro Norway" Serbia Moldova Ukraine
i RENA PN P
aconet @ # HITSA : HEAnet® e MSRnet PN “BASNET sanet
[7] Austria Cyprus ] Estonia Georgia [] Ireland [T] Lithuania FY.R. Macedonia Poland Belarus * Slovakia
— = e §-3 , ] ECT.. mmm ol
Czech Republic Spain Greece Israel Luxembourg Malta Portugal Sweden Turkey

Bulgaria Germany Finland” Croatia [5] leeland” V] Latvia Netherlands Romania Slovenia United Kingdom

*Connections between these countries are part of NORDUet (the Nordic regional network)
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Connect to the world

GEANT >/ At the Heart of Global Research and Education Networking

e

SR

> ORIE’E'T s

{ 5 R
T

g Earcomoat ¢ \ Ny N

-

Multiple 100 Gbps links
100 Gbps
Multiples of 10 Ghps

GEANT Coverage -
-—
—
w10 Gbps
- -
—

B RedCLARA Network

I EUMEDCONNECT3 Network

B TEIN Network
AfricaConnect2: UbuntuNet Alliance,
WACREN & ASREN

[ CAREN Network

. EaPConnect Network

B Other R&E Networks

f?ﬁ iz ACE & TransPAC

10 Gbps backup
>1Gbps<10 Gbps
=1 Gbps

GEANT and partner networks enabling user
collaboration across the globe

\ October 2016

-
GEAQNTQ This document is produced as part of the GEANT Specific Grant Agresment GN4-2 (No. 731122), that has received funding from the European Union's 2020 research and innovation programme under the GEANT2020 Framewark Partnership Agreement (No 653995).
Netwaorks - Services - People In addition to GN4-2, the following projects have received funding from the European Union: AfricaConnect2, CAREN3, TEIN4 and Asi@Connect (DG DEVCO); EaPConnect and EUMEDCONNECT3 (DG NEAR).

The content of this document is the sale responsibility of GEANT and can under no circumstances be regarded as reflecting the position of the European Union.
www.geant.org Funed by the European Union

Dark Shading: Connected to regional network .
Light Shading: Eligible to connect to regional netwoark -

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing



Upgrading the network

LPSC site, a WLCG Tier-2, serves ALICE and ATLAS
Network upgrade from 700Mb/s to 5Gb/s

FTS transfer rates

FTS transfer rates

MB/s

s

MBS

. LPSC — ATLAS T1s-:--

e

0

8

biscarat@lpsc.in2p3.fr
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Global transfers

Transfer Throughput
2016-09-12 08:00 to 2016-09-12 12:00 UTC

50k 7

40k 1

Lel
(=]
=

P
[=]
=

Throughput (MB/s)

10k

Data transfer rates > 40 GB/s
k Regular transfers of > 80 PB/month
lllIIIIIIIIII

4::,"31;3?'-»? thpd}'t':uth .:}Qlﬁtl 'Z‘J'i}

@‘:ﬁ@@#& "r"r"'r"r‘!-"'r*r"&
M alice [ atlas crrEIIhcbl

=
=

el
o
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P
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%
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CPU delivered

CPU Delivered HS06-Hours/month

35

5 May 2015
3 3 Feb. 2013 Start run 2
Oct. 2009 End Run 1 :
LHC Qtarts EEALICE WNATLAS BSCMS | LHCh =—Pledge-15 =—Pledge-16
& Ref :
2 http://accounting.egi.eu/
v
$E233I322131713833383333°23332331832333323833
R RERERERRERERARERRRRRRRRERARRRRERERRERR=RRARSE

Maore than 800 users per month
ICHEPID

CMS

= Individual Users per week

Haliday 2010

Holiday 2009

I ¥R 42 45 4B 51001 5 B 00 47 2 N MW R M M4 MR 4T 03 PH N
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Sites hierarchy

Tier-2 sites - Raw data storage
(about 140) - Initial reco pass
o - Data distribution
Tier-1 sites 1l
10 Gbit/s links _ Tier-1:
12 - Permanent storage
- Subsequent reco passes

Tier-2:
- Simulation
- End user analysis

In_addition (end user analysis):
- Tier-3
- Local clusters

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computit.g
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T1 centres

Memorandum of Under-
standing between CERN
and the institutions
participating in WLCG

(CERN-C-RRB-2005-1/
Rev. April 2009)

Only an extract !

biscarat@lpsc.in2p3.fr

MoU requirements

—- 5
berv."r:e fﬂu’ﬁ?‘a ximum delay in responding to operational Average availability
probliems measured on an annual
basis
Jarvica Degr:ﬂ:.‘r_ion ofthe I::'egr:d:l. on of the I::'..-ing AL all othar
nterruption capacity of the sarvice capacity of the service accelarator timeas
s TaTav
by more than :C\,”: by more than £ oparation
- - e '
AccepL:anc:r. of data 1ﬁ hours J]é"our!'. 24 hours % | a
from the n-'C CnnLre
during accalarator
operation
- P T '
[\etw’nrﬂing:;eruice to 11{ hours E‘- hours 48 hours SB?{J | a
o
tha liar-0 Cantra
during accalarator
opaeration
s M o i oo
Uata-intansiva 2‘- hours 45 hour 48 hours ni a 951"
analysis sarvicas,
ncluding networking
to Tir.r'D. e-"l
i
wantres coutw ith
accelaerator operation
[ - o oo
AI othar sarvices — Ehnur £ hour 4hnur= ‘;‘B?{J 951"
primea sarvice hours
& A o a7 Joy
AI othar services — 2‘- hours 45 hour 48 hours =N ] 170
outwith prime service
hours

The response times in the above table refer only to the maximum delay before action

is taken to repair the problem. The mean time to repair is also a very important

factor that is only covered in this table indirectly through the availability targets, AII

of these

parameters

will require an

adequate

level of

including on-call coverage outside of primae shift.

ESIPAP School 2017, Grid Computing
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MoU requirements

Availability: time site is available
/ total time
T2 centres Reliability: time site is available

e Less constraints / (tOtal time — scheduled dOWﬂtime)

— Receive no data from detectors
 Availability > 95%
Test suit per experiment
with monthly report

Tier-2 Availability and Reliability Report
February 2014

ATLAS

Federation Details

" Colour coding : na o [ <60% <o0%  >=00%

Availability Algorithm: (O5G-CE + CE + CREAM-CE ) * (SAMv2 + 05G-SRMv)

Avallability History
Federation Site Phy-CPU Log-CPU HS06 Avallability Reliability Unknown Nov 2013 Dec 2013 Jan 2014

FR-IN2P3-LPSC
IN2P3-LPSC 136 B0 5399 88 % 88 % 3% 83 % 100 % 54 %
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RU-JIKR-T1 [207%)

MRC-KETH [4.67%)

HL-T1 f557%)

NOGF {2 B4%)

IT-INFM-CHAF [B.48%)

FR-CIBMEF [7.53%]

EE-PIC: [221%)

DE-NT {B.17%)

biscarat@lpsc.in2p3.fr

IT

FR

SUM Wallclock Work HS06 Hours by Tier 1 Node

ESIPAP School 2017, Grid Computing

Tier-1

CERN (T0)

Last 12 months™

LUS-FRAL-CHS [3.20%)

US-T1-BHIL [7.74%)

Dther [2.57%]

CA-TRIUMEF {246%)

CH-CERM {24 32%)
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Average/ day:
1 Million job
completed

biscarat@lpsc.in2p3.fr

ATLAS alone

Avidashbc Slots of Running Jobs

27 Days from 2017-02-14 to 2017-03-14

400,000

350,000 fm=

300,000

250,000

200,000

150,000

100,000

50,000
a
A17-02-17 A17-02-20 A17-02-23 M17-02-26 A17-03-01 A17-03-04 A17-03-07
hitp.ficern.chiga/8chiG
| MC Simulation Full W MC Event Generation W Group Production m MC Reconstruction
B User Analysis W \alidation B Group Analysis B Esting
E TO Processing EOthers B MC Simulation

Maximum: 365,837 , Minimum: 0.00, Average: 280,707 , Current: 119,724

ESIPAP School 2017, Grid Computing

X017-03-10 017-03-13

LI Data Processing
B MC Simulation Fast
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WLCG Collaboration

|L(' :} % wlcg.web.cern.ch/collaboration {3] ﬂ» B ¥+ # - e ({1‘ wlcg __f;.

CERN Acceler 3 scien Sign in Directory

T WLCCS &)

0’ Worldwide LHC Computing Grid

Collaboration Grid Operations Getting Started Public site
Home » Collaboration
Collaboration C 011 ab Urati on Q
* Management
» CB Management
' ;[];B Composition of the management of WLCG, meetings, boards- Collaboration tools
3 .
o related links. R e Wi
o Architects Forum R ; o CStat
s C-RRB eporting « REBUS
o CRSG Accounting, Reliability, quarterly reports. o Pledges "
o LHCC o Installed Capacities
o Computing Model . e MyWLOCG
Update Working Memorandum of Understanding
group What it involves, samples, preparing your MoU, archives.
= Workshops Reports
» Reporting + Accounting
+ Memorandum of o Tier1
Understanding o Tier 2

+ Reliahility & Awvailability
o Tier 1




Pledges

€« @ https://wleg-rebus.cern.chjapps/pledges/summary/ & O, REBUS wicg

v
L
iig
-
>
<]
I

-

‘.‘__, REBUS: Pledge Summary

Topology Pledges = Capacities = Report = Trends = Accounting =
Pledges > Pledge Summary

Year: 2016
Mote: Sorting by multiple columns at the same time can be activated by "shift' clicking on the column headers which they want to add to the sort. Hovering mouse over the column headers to get descriptions of table columns.
H All Tiers L Tier0  Tiert1  Tier2 ‘
e Search;
Tie: Pledge Typi ALICE & Required; Balancr ATLAS © Requiref Balaan CMS © Requ Ire:l Balam:f LHCB © Requi ref Balancf SUM  © quuireci Balancf
w v v ¥ w ~ v v v ¥ v T
. < 215,000 215,000 0% 257,000 257,000 0% 317,000 317,000 0% 51,000 48,000 6% 840,000 837,000 0% E
[} (HEP-SPECO6) : ’ ! ’ ’ ’ ’ ' ' ' :
=
Tier L)
01& Disk (Tbytes) 16,800 16,800 0% 17,000 17,000 0% 16,400 16,000 3% 7,600 5,800 31% 57,800 55,600 4%
Tier Tape
0 (Tbytes) 21,600 21,600 0% 42,000 42,000 0% 44,000 44,000 0% 20,600 15,000 Tk 128,200 122,600 5%
Tier CPU
177,038 157,000 13% | 571,060 520,000 10% 377,800 400,000 -6% 165,252 146,000 13% | 1,291,150 1,223,000 6%
1 (HEP-SPECO&)
Tier
1] Disk (Tbytes) 18,955 21,000 -10% 52,683 47,000 12% 30,683 33,000 -7T% 15,902 14,900 7% 118,223 115,900 2%
Tier Tape
1 (Tbytes) 17,776 13,600 14% | 119,044 116,000 3% 88,200 100,000 -12% 35,044 25,800 6% 260,064 257,400 1%
. < 231,157 237,000 2% 633,509 566,000 12% 716,455 700,000 2% 88,626 81,000 9% 1,669,747 1,584,000 5%
7 (HEP-SPEC06) ] 1 ] ' ’ £ ' 1 3 ) » 1
Tier
21& Disk (Tbytes) 18,518 26,100 -29% 68,885 72,000 -4% 40,822 38,000 7% 2,719 2,800 -3% 130,944 138,900 -6%
Showing 1 to 8 of 8 entries
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“Computing enables physics”

Photography: C. Biscarat

CERN seminar
July 4% 2012
retransmitted at

|ICHEP (Melbourne)
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Other grids



European Grid Initiative

The WLCG shares the infrastructures with EGI
— Organised in National Grid Initiative

EGI project (and ancestors)

— Build a large scale production grid
— Secured and robust

— Promote international collaboration
— For sciences and technologies

~ 300 different user communities
Large spectra of scientific domains
Tail of sciences

EGI web site: http://www.egi.eu/

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing
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http://www.egi.eu/

Many sciences

Medical and Health Sciences
Processing of thousands of MRI scans
from patients with Alzheimer’s disease

MRI scan with location of the
hippocampus

PO i L S Sy User distribution (%) per discipline 2.80
"J' 021 | 045
i ] ] 151 J f H High-Energy
I Physical Sciences | Physics
@l Creation of 3D visualisations = Others

of astronomical data
on unprecedented scales.

m Multidisciplinary

38.60 VOs
14.13

M Infrastructure

M Astronomy,
Astrophysics,
Astro Part. Physics

W Life Sciences

Seventy million elements of a
cosmological N-body simulation
using VisIVO and Splotch.

1 Earth Sciences

Natural sciences r647
Correlate data from millions of
calculations to unveil the rock structure
of an oil field under the North Sea.

m Computer science
and mathematics

17.50

From ISGC 2013

Oil exploration in the North Sea
depends on a good knowledge of
the underground rock structure.
Grid computing helps scientists to
make sense of all the seismic data.
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rmcpu-HEPSPECOG f 2014:3-2015:3 / REGION-WO fall (=) / ACCEAR-LIN /| 2015-03-17 10:29

Normalised CPU time (HEPSPECOG) per REGION

Resource consumption

AsiaPacific

Others

Russia
CERN

ROC_Canada
Y NGICH

Normalised CPU time
o March '14- March '15
T e = ) _ - Per region

o T - Per VO

NGI_FRANCE

NGI_UK

NGI_NDGF
NGI_IT

MGI_IBERGRID 2015-03-
er VO

https://accounting.egi.eu/
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A few user example

e

Pierre Auger Observatory m

studying the universe’s highest energy particles

An observatory for ground-based @

Cta gamma-ray astronomy
cherenkav telescope amay

D&
& IcECuBE

SOUTH POLE MEUTRINDO OBESERVATORY Cnmpa:t

Muon CMS

Solenoid A
experi ment at | ‘fﬁ’

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing

o Infernational linear collider

ATLAS

EXPERIMENT

46



EGI partners and resource providers

* The most extended grid infrastructure, 35 countries.

. EGI-InSPIRE Partners and Council members
Inteagrated Resource Infrastructure Providers

Resource Infrastructure Providers under intearation

Avril 2012

Open Science Grid (OSG)
Own operations tools and procedures,
compatible policies
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French NGI

- —i
| G5
* Open to any scientific area
» 18 sites (storage and CPU)
« Half of them serves LHC
Logical CPU

@ > 10000

@ 1000< <10000

(O <1000

Disk PB Tape PB

->1 .
@<1

Cloud OpenStack

Q Production
Q Pre-production

b [ D | S — Ll

76 To
336 cores

Univ. Lille

/ s
'J LLR "\ 12To
_____ s 344 cores ) IPHC

LAL e lle de France Strasbourg ®

o @1
1000 cores
- 7,906

Orléans e
e Nantes
(384
@ R CC-IN2P3 Annecy
@ 2638 . @ 2188
48To
- 1,706 1672 cores . 1,42.
Clermont-Ferrand e Lyone
o4 oLc by .
----- 4 - 16,18 Grenoble

e Bordeaux Q 30 O 593
80 B
8 0,098 LUPM

5To -

Toulouse o Montpellier o @ 0,99 ! y

IRIT Tl
- /\Marsey
256 cores

http://www.france-grilles.fr/

J/ \-s‘.
L J Planned
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http://www.grisbio.fr/

Enulh
Dakota \

Google

! i 4 .
Données cartographiques ©2014 Google, [N EG! havfﬂmsiemas SRAL Emr:ﬁnquﬁfmﬂtmm'n
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http://www.opensciencegrid.org/about/

Many kinds of grids

They might have different goals:

- Production grid
e Shared resources for a common goal, known users
« Shared “interfacing” software (middleware)

— Development grid (Grid5000 in France)
« Shared resources for a common goal, known users
« Testing grid software

— Volunteer grid (BOINC)
« Resources given to a project with unknown users

They may differ in heterogeneity: .
- Desktop grid (BOINC,...) b 2 Desktop grid

— Service grid (EGI, OSG,...)
- HPC grid (DEISA, TeraGrid, CNGrid...)

They may be interoperable (EGI+OSG)
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Many kinds of grids

Geographically:
— International grid
- Regional grid
In term of science field:
- Thematic grid
— Multidisciplinary grid

GRISBI: bioinformatic (France)

CIGRI: grid on top of T2 HPC clusters
(Grenoble Universities, INPG, and
National research labs) — opportunistic
usage
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Behind the scenes




D-day « LHC first beam »

. Sept. 10" 2008
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D-day « LHC first beam »

Data Exports Throughput in MB/s

SO0

GO0

400

200

EEEEEEER
RS e e—
._ —
a I 7T e e—

[ e

08h 09h 10h 11h 12h 13h 14h 15h
CERN m FZK NDGF
B CHAF mLYOW =PIC

®ASGS
mENL

Number of errors

1250
1000
TE0
a00

250

..............

m ASGE
mERML

CERN m FZK
mCHNAF mLYORN = PIC

TRIUKMF

SARA
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In the Computing
control room (2" floor)

/

Concurrent access

by the end-users

\

to data on central servers

=
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Middleware

» Heterogeneity of the sites Users (ﬁ

— Batch systems

- Storage Middleware
— Operating systems ;
— Worker nodes capacity &

— Authentication
Resources
(sites)
Middleware
« Software layer
 Hiding and simplifying

- No local user registration - SONET/SOM g 24

— Abstraction of resources s '
: . i M — T g

- Interface to user applications A SNGE i

Ref : gridCafe
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Towards standardisation

Origin
— ldea became popular in 1998 with the book “The Grid” (I. Foster & K. Kesselman )
— Globus: the first middleware (1998) — evolution to globustoolkit-5

Now : hundreds of middleware, tentative for standardisation

Before EMI 3 years
In EGI: develop and use of EMI /'_’_\
(European Middleware Initiative) g =
7
elite 2
UNIC#RE
/£
@ Standards,
. New technologies (clouds)
S <>/ Users and Infrastructure

Requirements
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Major EMI services

User Access

General Services

Security

Compute Element Storage Services
Element

=1
-
o
-
=
©
e
o
=
W
)
o
=
0
(D
o
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Putting it all together
o L

interface”
' Information

Input “sandbox”

—J e
“ﬂ]“t sdn 0X

Storage

lement
Logging & Job Status Compuu’ng

Book-keeping Element
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A word on

interface”

Replica
Catalogue

- Input “sandbox”

uiput “sandbox

Information

Storage

' lement
Logging & Job Status Computing

Book-keeping Element
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Authentication

* The grid is large and (almost) nobody knows you

« Authentication : who you are

— Certificate authority delivers certificate (long lived)
* What you may already use in your web browser

— Based on a public/private pair of keys
- X509

— For security, usage of short lived proxy on the grid

certificate

sign

belongs to our VO

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing
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Authorisation

 Authorisation: what can you do

» Users are organised in Virtual Organisation (VOs)
« They generally belong to different organisations
 They have a common goal / accept to share resources

« Examples: one VO per LHC experiment, CTA, biomed, france-grilles, ...

* VOMS (virtual Organisation MemberShip)
— Delivered by your VO
— Allow groups and roles (capabilities)
— additional attributes to your personal certificate

 Authorisation system must be agreed with all partners

« Key ingredient : trust

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing
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EGI virtual organisations

Data to gr.:h:

Active VO

[ laegis
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C
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T
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'|[_'|[ ) IS
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4 e

3 I
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'|[ 0
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VO ID Card

Groups and Roles

Group/Role
[aflas/alarm
[aflazicalin-muon
/atlas/Rote=pilot
[aflaziit
[atlas/Role=software
[aflas/Role=root
[atlas/Role=lzgadmin

[aflas/Role=AMIWritar

fatlas/Role=AMIManager

[atlazide
[atlazinl

[atlas/Rote=production

fatlasiau

fatlas

[atlasica
[atlasidet-indat
[atlasidet-larg
[atlasidet-muan
/atlazidet-file
[atlasir

Type

Othar

Other

Description

Team members

Muon calibration group
Analysis pilots

Italian users

US software manager
Mot used

LCG softwara manager
AN writer

AMI Manager

German users
Netherland users
Froduction

Australian users
ATLAS users
Canadian users

Inner detactor

Liquid Argon calorimeter

Muon spactrometer
Tile calorimeter

Franch users

http://operations-portal.in2p3.fr/vo/view/voname/atlas

VO shara{%)

0

0

General informations
e snersion ACCeptable Use Policy
Resources
Generic Contacts
v Mailing lists
Groups and Roles
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“User léei:)hlca
interface” R
Information

Authorization

. :

& & g

Authentication ;2 &
: Storage
................ "Bk

i Job S
EogEHll(g & TR Computing
00K-Keeping Element
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User Interface

* For the user to access to the Middleware
» Sites generally provides a Ul machine
* |nstalled:

— Command lines
— Applications

vons- proxy-init --vons vo.france-grilles.fr

glite-ce-job-submt -a -r |psc-ce.in2p3.fr:8443/cream pbs-france grilles test.jdl
glite-ce-job-list | psc-ce.in2p3.fr:8443

glite-ce-job-status https://Ipsc-ce.in2p3.fr: 8443/ CREAMI50473948

#W t h

bash-3.2% cat test.jdl
Execut abl e = "/ bin/sl eep”;
ar gunent s="180";

StdQut put = "std.out";
StdError = "std.err";
bash- 3. 2%
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Job Description Language

(Executable = “gridTest”;

StdError = “stderr.log”;
attribut job 4 Stdﬁutput = “stdout. 109"}

InputSandbox = {“/home/joda/test/gridTest”};
OutputSandbox = {“stderr.log”, “stdout.log”},

pp—— (InputData = “1fn:testbed0-00019";
données |DataAccessProtocol = “gridftp”;

‘Requirements = other.Architecture==“INTEL"” && \

other.OpSys==“LINUX"” && other.FreeCpus\

attributs —_A
ressources A >=4;

Rank = other.GlueHostBenchmarkSFo00;
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A word on

«User Replica

. Catalogue

interface” infqg 8
Information

Storage
lement

Lngging & Job Status
Book-keeping

Computing
Element
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Workload management

« Computing elements
— Gateways to the local computing resources

* Workload management system
— akas Resource broker
- Matches requirements and resources

LFS

LFS Site

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing
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WMS - jobs route

gl.ite WNMS Job
i Status

bl submitted |

|

& waiting
Output 1
Sandbox

d ready

!

e | scheduled |

|

Input/Output / -

Sandbox f ru““ing
i done
Computing l-
Element enabled data @ cleared
transfers & i

ACCCSSCS
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Pilot job mechanism

Place holder jobs
get queued at the sites

Real jobs get puled
according to the
available resources
and the environment

Each LHC experiment
uses pilot jobs

biscarat@lpsc.in2p3.fr

Bamboo

job
pull| ProdDB

e.g. ATLAS

glite\_ run

run
W Scheduler}
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Going forward




shooooo

4500000

4D0o0oo

is0oooo

ipooooo

2500000

2pooooo

1500000

1pooooo

sboooa

o

Tier2 Tier2
300
S Tierl EETierl
LS CERN 250 WSS CERN
200
w—20% Growth w=]15% Growth
——2008-12 linear 150 — 2008-12 linear

Growing needs

WLCG CPU Growth 400 WLCG Disk Growth

. 100
i s B i 8
2008 2009 2010 2011 2012 2013 2014 2015 2016 @ 2017 2008 20049 2010 2011 2012 2013 2014 2015 2016 2017
- _/ \ J - _ \ J
Y Y Y Y
deployed estimated deployed estimated

» Behind the success of the grid
- High complexity
- High human resource demand

* \WWe have gained in experience and we are still improving
— Very stable network — new data model
- Federated storage
— Building common tools/interfaces
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Network

“The Network infrastructure is the most reliable service we have”

“Network Bandwidth (rather than disk) will need to scale more with users and data volume”
Ian Bird, WLCG project leader

LHC Open Network Environment (LHCONE)
The TO/T1/T2 hierarchy is wiped out

. Evolution of
Computing the ATLAS Model

Y ©
< < i/ T2

“monarch” hierarchy “loosened” hierarchy
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LHCOne

e e

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Observatory, NOvA)

e v
Y CERNet2/
§
2 CSTNet
£ 7 inepcwis China
3

kS
=\ IHEP-ATLAS

ST

KREONET2

Korea
KISTI-T1 SINET
KCMS Japan

—===CSTNet
P CERNet

Taiwan
ASGC-T1
ASGC2
NCU NTU

COMSATS

GEANT

GEANT
Madrid

CERN

vecc TIFR

NOTES

1) LHCOPN paths are not shown on this diagram
2) The “LHCONE peerings” at the exchange points indicate who has a presence there and not
that all peer with each other (see h ki.cern.ch/twiki/bin/view/\HCONE/LhcOneVEE |

LHCONE VRF domain/aggregator

1 Distributed site Network provider

Pending LHCONE
connection

Sites connected
at 40G-100G

exchange point / PoP router

NREN/site router at exchange point
Regional R&E communication nexus
w/ switch providing VLAN connections

SLAC

PNU LHC ALICE or LHCh

Sites that are standalone VRFs
—=mm Communication links: 1/10, 20/30/40, and 100Gb/s
CNAF-T1 LHC Tier 1 ALTAS and CMS
UChi LHC Tier 2/3 ALTAS and CMS
Kek Belle 1 Tier1/2

- yellow outline indicates
LHC+Belle 11 site

- Dashed outline indicates
distributed site

i wteye

September 14, 2016 — WEJohnston, ESnet, wej@es.net
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See http://lhcone.net for more detail.

1 (UER)
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LHCOne

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Observatory, NOvA)
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/ eSO
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3 € S
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I RRC-KITL
JINRT1

KREONET2
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Saving CPU time

w  90F | ; - a 2
oy - . £
s 80F s =14 TeV = 2
3 - <u> =40 3 s
= 0 25 ns bunch spacing
& of Run 1 Geometry, no IBL:
2 c MC tt events 3
= 50 E HS06 = 11.95 = 15
5 - —e— Full reconstruction 3
B 40 —e— Inner Detectoronly  —
= = ] 10
7] 30 =
C — —
8 = 3
3 20 = 5
10 ATLAS Simulation =
-~ RDO to ESD E
= | 3
072739, 3201 19.0.3.3, 64bit 19.1.1.1, 64bit 0
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Software release

— Geant4 with Shower Library
— Geant4

Geantd with FastCalosim  ATLAS tbar detector simulation (2010)

IIII|II!I|!IIIIIItIIIIII|

N

10°

CHEP2013

ESIPAP School 2017, Grid Computing

Time [Unnormalized seconds]

76



2005: “The free lunch is over”

— Performance of standard CPU does not improve anymore

- Since HEP needs increase, we must get ready for the new architectures:
multi-cores, many-cores, GPU (games consoles)

10,000,000

-/

Dual-Core Itanium 2

1,000,000

Intel CPU "I-rends : [ ] .\ "
100,000 (sources: Intel, Wikipedia, K. Olukotun} " Nowadays mU|tI-COI’eS
/  Memory / core /10
- per 1O is limited

~——— CPU clock reaches
a plateau

1,000

100 #
w s | 8

10

1 | | | Transistors (000)
o | T ® 1
@ Clock Speed (MHz)

[ X ] aPower (W)
@ Perf [Clock (ILP)

0
1970 1975 1980 1985 1990 1985 2000 2005 2010
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Saving Memory

ATLAS Preliminary. Memory Profile of MC Reconstruction
ATLAS i i
Saeia Ahag | AthenaMP with B workers & ! ! ! !
8 Serial Athena Jobs * reéonstrljction
(RN [ [T ([T e o} oonsimebon )
] AT -
o0 M yececuoues :
=
o 10
I_U_U_LU_l p=
— —lde — — 4
£,
400 600 8OO 1000 1200 1400 1600 1800
CMS offline software memory budget Time (sec)
~12GB [
e Event specific data
MEAckoplyata CMS is going further and making parallelism
geometry, .
magnetic feld, at the algorithm level.

conditions and alignment,
physics processes, etc

Code

COMMON!

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing 78



‘GRID 2 The “Cloud”

The Grid: 1998 and 2003 (2nd Ed.)
Grid is used by analogy with the electric power grid...
has had a dramatic impact on human capabilities...

Introduces the concept of virtualisation
— Isolates the user software (virtual) from physical hardware (real)

- Remember that grid sites are heterogenous

* Flexible and dynamic resource sharing

 On-demand usage

of resources

* Virtualisation already proved to be helpful “on the grid” (CVMFS)
» Clouds already successfully used by experiments

- In many domains

The Big Switch [to the Cloud]: 2009

Computing is turning into a utility... will ultimately change

biscarat@lpsc.in2p3.fr

society as completely as cheap electricity did...

ESIPAP School 2017, Grid Computing

[TONAL BESTSE

T H E Nlcholas Carr

BIG SWITCH
E—— )

REWIRING THE WORLD
FROM EDIS ? \
=] A
10 GOOGLE
I'HE DEFINITIVE GUIDE TO THE
CLOUD COMPUTING REVOLUTION
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Which types of Services?

Software-as-a-Service (SaaS)
Applications are available on demand
(e.g. email)

Platform-as-a-Service (Paa$S)
One can develop ones own applications
on top of services (e.g. web servers)

Infrastructure-as-a-Service (laaS)

A virtual machine is given, one installs
owns own image (e.g. compute power)
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Grid sites can be clouds

Advantages
* Decoupling HW and SW
 Flexibility

Integrated in the experiments workflow
* Private or academic
e Overhead < 5% (tuning)
» Looking at containers

The Tier-0 is extended

 Resources orchestrated in a cloud
e > 125 000 cores

DANTE
100 GhE

Farms dedicated to event triggering
« Additional layer for a raid switch
online/offline (LHC shutdowns, inter-fill)
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Opportunistic resources

Commercial clouds - Elasticity
Some experience : Google, HELIXNebula,
Amazon Web Service

e In Europe, HNSciCloud (2016)
* Prototype of cloud public/privé
 Comprendre et maitriser les colts

BOINC and the @home projects

Same model as SETI@home
» First initiative for the LHC: ATLAS@home

Supercomputers
HEP: no genuine needs for supercomputers
Some of the biggest HPC centers are
interfaced with WLCG and the grid stack

» Preferred payloads : 10 intensive, interrupt tolerant

biscarat@lpsc.in2p3.fr

Distinct Users per Week

CMS Analysis Users Per Week at Tier-2 Sites

2009-09-07
2009-12-28
2010-04-19
2010-08-09
2010-11-29
2011-03-21
2011-07-11
2011-10-31
2012-02-20
2012-06-11
2012-10-01
2013-01-21

g
[
®
"
]
&
]
Q

2013-05-13

2013-09-02

2013-12-30

2014-04-21

2014-08-11

~
20.0 K

150K

10.0 K

"

450k production jobs from Google over a few weeks.

Amazon too, using spot %ricing - economically viable ?

{fﬁ (UL il

= nfinished:

457.7 K

m nfailed::22.3 K

r 7 Mar 10 Mar 13 Mar 16 Mar 19 Mar ISIlp

2013

Apr6 Apr9 Aprl12 Apr15 Apr 18 Apr21 Apr24 Apr27 Apr 3

Slots of Running jobs
735 Ho(_'trs frorr 20;‘[6708—26 l(: 2016—09—2'6 uTc
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mailto:SETI@home
mailto:ATLAS@home
http://atlasathome.cern.ch/

Supercomputers

Remember
» Grid is ideal for a large number of independent jobs (High Throughput Computing)

Needs for supercomputers

* One task must be executed on hundreds of cores
- Very fast communication between cores
— Large available memory

 HPC (High Performance Computing)

» Pyramidal Tiers-0/1/2 in Europe
- France: “Curie” with 92 000 cores

« Seismology, mathematics, chemistry,
aerodynamics ... + astro particles »

» By construction, difficult to fill the machines
leaving empty cycles

a
i
L0
E
i

MNodes

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing 83



L~7x1033

8 TeV

2012

nominal

luminasity 75%
i ]

Pile-up~20-35

splice consolidation
button collimators
R2E project

experiment beam pipes

The end ?

New LHC / HL-LHC Plan

L=1.6x1034
Pile-up~30-45

1314 TeV
injector upgrade
cryogenics Point 4
i dispersion
CcC
SUppression
collimation

| 1| experiment upgrade
phrase 1

14 TeV

L=2-3x1034
Pile-up~50-80

Pile-up : event complexity

Integrated Lumi.:

nb of events

biscarat@lpsc.in2p3.fr
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LS3

L.Rossi

L=5x1034
Pile-up~ 130-200

HL-LHC installation

NN

experiment upgrade phase 2

T w
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450.0

400.0

350.0

300.0

250.0

PB

200.0

150.0

100.0 -

0.0

Further challenges

uCcMms
ATLAS

~——  WALCE
W LHCb

Run 2

2015

Run3 Run 4

2019 2024

* Run 3: ALICE and LHCb detector upgrades
— Calibration and reconstruction online

Evolution of RAW data set size
for the LHC experiments

- derived data is not included
- cleaning of deprecated data is included

0.5 to 1 Exabytes of RAW data / year

 Run 4: ATLAS and CMS detector upgrades : we miss a factor of 5-10

- New HW

— New computing models
- New CPU/disk/network balance

biscarat@lpsc.in2p3.fr
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- New HW
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

- Accessing “the” grid




Authentication + User Interface

w
©|o 0
== = =
o|2 2 2
Ol
O o @
-~ v L4 ¥ g8 X509
= Web VOMS
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Global Grid User Support

Documentation

Registration

Search ticket

Support staff

biscarat@lpsc.in2p3.fr

LR
el le
@, e

. LA

GGUS - the @ &SI Helpdesk

Tickets
»Submit a new ticket via browser
»Submit a new ticket via email

Tickets from Catherine Biscarat (access via certificate)
ID Status Last Update Info
You don't have tickets in the system

» Show my complete ticket list (open/closed/subscribed)

» Search ticket database

Open tickets of all users
ID VO Info
» 101871 ops [Rod Dahboard] Issues detected at IN2P3-LPSC
» 101870 ops [Rod Dahboard] Issues detected at IN2P3-LPSC
» 101869 ops [Rod Dahboard] Issues detected at IN2P3-LPSC
» 101868 other CREAM_Job Errors on Bologna
» 101867 ops [Rod Dahboard] Issues detected at IN2P3-IRES
» 101866 ops [Rod Dahboard] Issues detected at IN2P3-SUBATECH
» 101865 ops [Rod Dahboard] Issues detected at IN2P3-SUBATECH
» 101864 ops RO-14-ITIM down apel gap
» 101863 ops
» 101862 ops
» 101861 ops
» 101860 ops
» 101859 ops
» 101858 ops
» 101857 dteam

MNAGIOS *“org.apel. APEL-Pub* failed on ce01.mosigri...
NAGIOS *org.sam.WN-Rep-ops* failed on grid03.spac...
NAGIOS ®“org.sam.SRM-GetSURLs-ops* failed on grid0...
update email address in operations-portal

» Show all open tickets

NAGIOS *emi.cream.glexec.WN-gLExec-fops/Role=pilo...
NAGIOS *emi.cream.glexec.WN-gL Exec-fops/Role=pilo...
NAGIOS *emi.cream.CREAMCE-JobSubmit-ops® failed o...

7
WWILC S

News

No news at the moment.

Info
GGUS tools/reports

& GGUS ticket timeline tool - TTT
# Report Generator
* WLCG Reporis

GGUS development plans

* Browse current open features

® Description of development procedures

® Ongoing worklist & Release Notes

o Submit a request for a new feature to GGUS

GGUS Search

* Documentation
* GGUS ticket search
® Special GGUS hints

cci E

Ticket Search
» Search ticket by |D: (Go)

ESIPAP School 2017, Grid Computing
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Experiments own Middleware

« HEP experiments pioneered the massive use of grids
 CERN Director General Rolf Heuer about the Higgs discovery:

"It was a global effort and it is a global success. The results today are only possible because of the

extraordinary performance of the accelerators, including the infrastructure, the experiments, and the
Grid computing.”

- Large VOs have developed their own Middleware
- Easy to use interfaces
- Better control

"

= L S s
e e N
= o =
Firs o st P e et iy iore

[ File Transfer Service |

Data Management
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ODIRAC

THE INTERWARE

* Initially developed by the LHCb experiment (LHC)
* In 2009 decision to generalise the software

— Separate specific LHCb functionalities
« 2013: DIRAC consortium

 DIRAC is now a general-purpose Middleware, offering services to
any scientific community

— Fermi-LAT, Glast USER Communities
- LSST "
- CTA
T s .. /f =t : ] _
— Will replace the ¥ B i B i _
the resource 73 r - T -
[ = = = LR T 3 s
broker ,rf e
l.',‘__'_j DIRAC

Trnr.r:rfi.—r SArgeerl 5 Le= Elire=c Lo VM == gt —T=LN1 LT 4 i té.':l_‘l‘lﬂf_\_lﬁ\ Pt ottt
T— —
/@ ===

Resources
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EGI Federated Cloud

('(Dﬂ hitps://www.egi.eu/services/cloud-compute/ E1 @ Q egifederated cloud ERR <l =

SERVICES FEDERATION | USE CASES | BUSINESS ABOUT Q

EGI / SERVICES / CLOUD COMPUTE

Cloud Compute REquesT THIS seRvice

Run virtual machines on-demand with complete control over ASK FOR INFORMATION
computing resources

Cloud Compute gives you the ability to deploy and scale virtual machines on-demand. It offers guaranteed

computational resources in a secure and isolated environment with standard API access, without the overhead of First person
managing physical servers. b -
‘EGI Cloud Compute helped us to laaS Cloud User Browse
Cloud Compute offers the possibility to select pre-configured virtual appliances (e.g. CPU, memory, disk, operating  andle computational demanq Gateway ﬁ """"""""" P&' Cloud Developer
system or software) from a catalogue replicated across all EGI cloud providers. peaks when new data sets arrived

and by that sped up the whole
With Cloud Compute you can: process significantly.”K. Forstne~

laaS API

* [Execute compute- and data-intensive workloads (both batch and interactive)

*  Host long-running services (e.g. web servers, databases or applications servers) More services
* Create disposable testing and development environments on virtual machines and scale your
infrastructure needs

* Select virtual machine configurations (CPU, memory, disk) and application environments to fit your
requirements

* Manage your Cloud Compute resources in a flexible way with integrated monitoring and accounting
capabilities

Cloud Container Compute

High-Throughput Compute

EGI Cloud Providers

& Service User
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Running jobs: 236092
Transfer rate: 11.41 GiB/sec

Today, Together

- Why grid computing

A success story : the grid for the LHC

-_Other Grids
- Behind the scene

Technical details

= Going forward

Standards, simplicity, clouds

- Accessing the grid
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French summer school “Rencontres de physique de l'infiniment grand a l'infiniment petit”:

- https://indico.in2p3.fr/conferenceDisplay.py?confld=7293

French meeting “Les Journées réseaux” : https://conf-ng.jres.org/2013
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CERN Summer Student Lecture 2011: https://indico.cern.ch/event/134624/
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Remote Tier-0
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1 Tier-0
First processing
of raw data

13 Tier-1
storage, re-constructio

of raw data

150 Tier-2
Simulation

Tier-3
End-user analysis

Outside the grid
Final plot

, Grid Computing



Security: the root of the grid

Country/lab

once
per

year voms_proxy init

T T T T T

B e

(DN)

- A O

pX.509
w/ VOMS

| / attributes

—— submits jobs
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CE, SE
pX.509
|
delegates
POP #n Conlig Files
gricimaapides
poPe2 | ™ fie ;':::::.m:l_
LCAS
PDP #1 LCMAPS
f authZ
authN

99




LFC architecture

Comments System Metadata
“size”™ —> 19629
User defined “owner” —> “doe”
metadata “cksum® —=> * -
LFN GUID
—
5e598bc7-8120-4ed5-b24d-
[grid/cms/dir1/dir2/file1.root e

L I

——————1 ——————1

o Symbolic Link L Replica

— [erid/ems/dir3/mylink.root — srm://srm.domain/pathl
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Usage of HPC centres for LHC

CMS using SDSC'’s Steady State
Processing s
Gordon Supercomputer @ FNAL
Tape Archive
1024 Sandy Bridge nodes, 16 cores/node, 4 GB/core @ FNAL
Plus large memory supernodes o SN Simulated
300 TB SSD storage e [ % Cloud and/or OSG
— ata Resources
: D
» early processing of 2012 parked data >, ‘?9%0
. I (4
e 125 TBin - 150 TB out g N
Peak J’%.
Processing Tier-2 Centers
@ SDSC @ 0SG
Number of HPC T2s

— many other initiatives in this area
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EGI platforms

ARC,
dCache
gLite
Globus
QCG

Unicore

Portals, gateways,
Appllcatlons wilow

Core platform Compute, Storage

Data archives,
Monitoring, Accounting, Desktop Grids
EGI Helpdesk HPC |

Service registry and discovery
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EGI service evolution

 ‘Old’ Model
— Isolated Technology Platforms
— High Throughput Computing
 ‘Current’ Model

— Integrated Technology Platforms
— HPC, HTC, Data

e ‘Future’ Model
— Federated Cloud Platform
— Community Platforms
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Still improving

» Behind the success of the grid
- High complexity
- High human resources

* \WWe have gained in experience and we are still improving
— Very stable network — new data model
- Federated storage
— Building common tools/interfaces

 Meanwhile we were developing the grid amazon
- Other areas do treat enormous amount of data WS
— Standards tools have been developed <i L
- The “cloud” is born <

Drdi;box
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Data set sizes

In 2012: 2800 exabytes
created or replicated
1 Exabyte = 1000 PB

Reputed capacity of NSA’s
new Utah center: 5000 ExaB

~14x growth (50-100 MW)

expected 2012-2020

Climate

OB Facebook uploads

180PB/year

Current AT I?A&
data set, all data
products: 140 PB

http://www.wired.com/magazine/2013/04/bigdata/
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A word on

interface”

Input “sandbox”

dll tput SEHHBDX

Storage

ilement

Lngging & Job Status
Book-keeping
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Data management

Storage elements (SE)

— External interface to physical storage at sites
— Different protocols (rfio, srm, )
— Different storage system (dCache, xrootd, ...)

Storage resource manager (SRM)
— Hide heterogeneous systems

— Handle authorisation

Local File Catalog (LFC)
— Locate files on the grid

- Keep track of the file (user's name « file location)

File Transfer Service (FTS)

— Multi-VO service
— Handles prioritisation

biscarat@lpsc.in2p3.fr
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A word on

interface”

- Input “sandbox”

uiput “sandbox

Authorization : _
& &
2

Authentication - E.
l . %

Storage

lement
Logging & Job Status Computing

Book-keeping Element
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Information system

In charge of collecting the information on the status of the site and services
- Format understandable by both parties

Sites publish:

— Status of the services
— Their resources

VOs publish: |

— The software installed on the sites

BDIl (GlueSchema):
- Sites BDII
— Top BDII
- Commands:
e Ldapsearch

* Icg-infosites
BDII

GOC DB: reference for all the EGI sites
http://goc.egi.eu/

biscarat@lpsc.in2p3.fr ESIPAP School 2017, Grid Computing
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«'» GOCDB 5.2

Browse

o My Sites

o Projects

NGIs

Sites

Service Groups
Services

Add

o Add Site

o Add Service Group
o Add Service

o Add Downtime
Downtimes

o Recent & Planned
o Active & Imminent
About GOCDBS

o Doc, Help & Support

o o e 0O

Search

User Status

Registered as:
Catherine Biscarat

View Details
Manage Roles

¥od Site: IN2P3-LPSC

Contact

E-Mail

Telephone

Emergency Telephone
CSIRT Telephone
CSIRT E-Mail
Emergency E-Mail
Helpdesk E-Mail

MNetworking

Lzboratoire de Physigue Subatomigue et de Cosmologie de Grenoble

grid.admin@Ipsc.in2p3.fr
(33) 476 28 41 58
(33)4 76 28 41 58

(33)4 76 2B 41 58

grid.security@Ipsc.in2p3.fr

o

Home URL  http://lpsc.in2p3.fr/

GIIS URL
IP Range

Domain  in2p3.fr

Site Extension Properties

biscarat@lpsc.in2p3.fr

Idap://psc-bdii.in2p3.fr:2170/mds-vo-name=IN2P3-LPSC,0=grid

0.0.0.0/255.255.255.255

Value Edit

ESIPAP School 2017, Grid Computing

Project Data
NGL/ROC
Infrastructure

Certification Status

Scope(s)

Location

Country
Latitude
Longitude
Time Zone

Location

Remove

Edit

NGI_FRANCE
Production
Certified Change

EGI

&

France
1]
1]

Europe/Paris
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Services

Hostname (service type)

‘|psc-cream-ce.in2p3.fr (APEL):

|psc-bdii.in2p3.fr (Site-BDII)

|psc-vobox.in2p3.fr (VO-box)

|psc-ce.in2p3.fr (CREAM-CE)
|psc-cream-ce.in2p3.fr (CREAM-CE)
|psc-se-dpm-server.in2p3.fr (SRM)
|psc-ce.in2p3.fr (gLExec)

|psc-cream-ce.in2p3.fr (gLExec)

|psc-ce.in2p3.fr (eu.egi.MPI)
|psc-cream-ce.in2p3.fr (eu.eqi.MPI)
|psc-perfsonarin2p3.fr (net.perfSONAR. Bandwidth)
|psc-perfsonar2.in2p3.fr (net.perfSONAR.Latency)
|psc-ce.in2p3.fr (CREAM-CE)

|psc-ce2.in2p3.fr (eu.egi.MPI)

|psc-ce.in2p3.fr (gLExec)

o= Add Service

ESIPAP School 2017, Grid Computing

URL

Production

Monitored

Scope(s)

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI

EGI
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Computing
Element
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Accounting

« Accounting for the computing and storage resources
— Sites share VOs
- MoU signed with “pledges”

EGI ACCOUNTING PORTAL // CESGA

GLOBAL View VO MANAGER View VO MEMBER View SITE ADMIN View | [ USERView || REPORTS |[ METRICS PORTAL | [ LINKS

Tier1fTier2countrieslProductionjosglunregistered]vo_bisciplinelvo_MetricsicusToM]

Hierarchical Tree EGI View --> Production

NAG10S/ SBM TESTS

|:1'W!P'1 I;::::ID | Norm. Sum CPU (kSI2K-hours) [ 3] Normalised CPU time to a reference value of 1000 Specint2000
(ol Tler2 -
- | & [ A - - ( &
5] Countries Slar(yenr 2013 %) Start month:|_4 5] End year: | 2014 3] End month: | 3 [4]
<@ eax Show data for: [ REGION |3 asafuncionof: (VO |#)
W& AfricaArabia @ e OTor 10 -

ALL
[ Group the rest of VOs in & new mte(;;jmy

mType: [‘GROUP BAR [3]) Scale: | LINEAR 2]

["Exclude dteam and ops VOs jobs information

ACCOUNTING PORTAL E%z:'“:m
APEL CENTRAL SERVER APLL SUNMMARIES e & rcteu

8l
_————____—*
LB

TE
. | b @ NeL_aEa1s lreindll © Grid Jobs Only ) Grid Jobs and Local Jobs ) Local Jobs Only
I | & NGI_AL Jobs:

i | b (gl NGI_ARMGRID R

i — | (Refresh )

! | b EINGI_BA

i | b @NCLBG Normalised CPU time (kSI2K) by REGION and VO.

! iETIIEE | BLNeLey LHC VOs. April 2013 - March 2014.
b @l NGI_cH . . ) ) .

The following table lists the sites that have not published accounting data to GOC during the last 3 months. This probably indicates a major
b g1 Ner_cYGRID problem in the accounting system of the site so listed sites are encouraged to take the appropiate measures to correct it.
by norcz
SITE b @l NG1_pE  _Regon [ sws ]
IN2P3 I gL NGI_FI AsiaPacific IR-IPM-HEP, JP-KEK-CRC-02, PK-CIIT, TW-EMI-PPS, TW-NTU-HEP
> (3] NGI_FRANCE NGI_DE mainzgrid, UNI-BONN, UNI-SIEGEN-HEP
» G No1_GE NGILFI CSC, FI_AA, FI_Aalto, FI_Helsinki, FI_JYU, FI_LUT, FI_Oulu, FI_TUT, FI_UEF, FL_UTU
= NGI_GRNET HG-04-CTI-CEID
- 1> (@1 NGI_GRNET NGI_IBERGRID CIEMAT-TIC
1> @1 NGI_HR NGILIL HRL_KZ, IL_COMP, IL_IUCC_IG
b L NGI_HU NGI_ME MREN-01-CIS
- Ip— NGI_NDGF EENet, IMCSUL, RTUETF, UNICPH-NBI
= NGI_NL RUG-CIT

I @l NGI_IL NGI_RO RO-13188
b @LNGI_IT NGI_UA UA-IRE, UA_ICMP_ARC, UA_ICYB_ARC

b (gl NGI_MARGI

sl Infrastructure

http://accounting.egi.eu/egi.php
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