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Perspectives…

• This workshop: exactly 30 days before the 
official start of LHC (2.6Mio seconds)

  10 September 2008

• Is the ALICE Offline ready to register, 
process and provide the ALICE physicists 
with a platform to efficiently analyse the 
first data?
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level 0 - special hardware8 kHz  (160 GB/sec)

level 1 - embedded processors

level 2 - PCs

200 Hz (4 GB/sec)

30 Hz (2.5 GB/sec)

30 Hz

(1.25 GB/sec)

data recording &

offline analysis

Total weight 10,000t
Overall diameter  16.00m
Overall length 25m
Magnetic Field 0.4Tesla

ALICE Collaboration
~ 1/2 ATLAS, CMS, ~ 2x LHCb
~1000 people, 30 countries, ~ 80 
Institutes 
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If we thought this 
was difficult ...

NA49 experiment:

A Pb-Pb event 
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ALICE Pb-Pb central event

… then 
what about 
this! 
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Computing model – AA
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High-level dataflow
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The framework
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Software management

• Regular release schedule
– Major release every two months, several minor releases (tag) / month

• Nightly produced UML diagrams, code listing, coding rule 
violations, build and tests, benchmarks, single repository with all 
the code
– No version management software (we have very few packages!)
– Very portable code (Linux 32/64, Mac OS X, Sun)

• Advanced code tools under development (with IRST/Trento)
– Smell detection 
– Aspect oriented programming tools
– Automated genetic testing

• Documentation for AliRoot and AliEn produced
• Intensive training ongoing
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Software management

• Strict weekly release schedule for AliRoot
– Coordinated with detector groups
– Essential for integration and validation of detector 

algorithms in DAQ/HLT systems (shared code)
– Some effort to explain to the community that “a 

release is a release”

• Simultaneous deployment on the Grid for RAW 
production and ESD analysis

• Titanic effort to remain below 2GB is paying off
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The Simulation

User 
Code VMC

Geometrical 
Modeller

G3 G3 transport

G4 transportG4

FLUKA 
transportFLUKA

Reconstruction

Visualisation

Generators
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Alignment

Simulation

Ideal Geometry

Misalignment

Reconstruction

Raw data

File from 
survey

Ideal Geometry

Alignment procedure
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Alignment-aware ITS reconstruction

Impact parameter resolution 

The momentum and impact parameter resolutions are defined by the “quality” of
the provided alignment objects (ideal AliAlignObjs  ideal resolutions).
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Calibration in the offline world

OCDB AliEn catalog
• Validity range
• Version
• Unique ID

ReconstructionRaw Data ESD

OCDB 
interface

AliRoot

Validity info

Unique ID

Storage
(local or grid)

Condition data

Condition data

• Conditions data is 
uniquely identified by 3 
parameters

–  Logical path: “TPC/
Calib/Pedestals“, “TRD/
Align/Data“...

–  Run range validity: 
[0,100], [1,1] ...

–  Version (local and Grid)
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The reconstruction

16

• Incremental process
– Forward propagation 

towards to the vertex 
TPC⇒ITS

– Back propagation 
ITS⇒TPC⇒TRD⇒TOF

– Refit inward 
TOF⇒TRD⇒TPC⇒ITS

• Continuous seeding
– Track segment finding in 

all detectors

Best track 1 Best track 2

Conflict !

TRD

TPC

ITS

TOF

• Combinatorial tracking in ITS
– Weighted two-tracks χ2 calculated 
– Effective probability of cluster 

sharing
– Probability not to cross given layer 

for secondary particles
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Combined ITS+TPC+TRD tracking

Efficiency: 
~85%    at   0.2 GeV/c 
~95% above 2.0 GeV/c

Momentum resolution: 
~1% at 1 GeV/c, 
~4% at 100 GeV/c
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Visualisation
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Quasi-online reco
• Recent development

• Very useful for high-level QA and 
debugging

• Integrated in the AliEVE event 
display

• Full Offline code sampling events 
directly from DAQ memory

19
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Ξ→πΛ→pπ
ALICE Analysis Basic Concepts

• Analysis Models
– Prompt data processing (calib, align, 

reco, analysis) @CERN with PROOF

– Batch Analysis using GRID infrastructure

– Local analysis

– Interactive analysis PROOF+GRID

• User Interface
– Access GRID via AliEn or ROOT UIs

• PROOF/ROOT
– Enabling technology for CAF

– GRID API class TAliEn

• Analysis Object Data contain only 
data needed for a particular analysis

• Analysis à la PAW
– ROOT + at most a small library

• Work on the distributed infrastructure 
has been done by the ARDA project
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Requires AliRoot+Cond
+AliEn (once)

Has to run on a 
disconnected laptop

Data reduction in ALICE

RAW
14MB/ev

RAW
1.1MB/ev

ESD
3MB/ev

ESD
40kB/ev

Reco T0/
T1s

AODs
300kB/ev

AODs
5kB/ev

S-AOD
5kB/ev

S-AOD
300kB/ev

Tag
2kB/ev

Tag
2kB/ev

Analysis
T1s/T2/T3/

laptop

Tag
2kB/ev

Tag
2kB/ev

Cond 
Data

AA pp
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Organised analysis

• Organised analysis is the most efficient way for 
many tasks to read and process the full data set
– Optimise CPU/IO ratio for distributed resources
– Common well tested framework
– Common knowledge base and terminology
– Document procedure
– Makes results reproducible

• Will run “sanctified” algorithms and will assess 
global data quality

22
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Analysis train

23

• AOD production will be organized in a ‘train’ of tasks
– To maximize efficiency of full dataset processing

– To optimize CPU/IO

– Using the analysis framework

AOD

TASK 1 TASK 2 TASK 3 TASK 4

ESD
Kine
Eff cor
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CAF
lfn guid {se’s}

lfn guid {se’s}

lfn guid {se’s}

lfn guid {se’s}

lfn guid {se’s}

xrootd
CASTOR

WN
PROOF
XROOTD

WN
PROOF
XROOTD

WN
PROOF
XROOTD

WN
PROOF
XROOTD

WN
PROOF
XROOTD

WN
PROOF
XROOTD

PROOF 
master

The whole 
CAF becomes 
a xrootd 
cluster

 Powerful and fast machinery – 
very popular with users 

 Allows for any use pattern, 
however quite often leading to 
contention for resources
 CPU and disk space quotas are a must 
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AliAnalysis Framework

• Data-oriented model composed of 
independent tasks
– Task execution triggered by data readiness

• Parallel execution and event loop done 
via TSelector functionality
– Mandatory for usage with PROOF

• Analysis execution performed on 
event-by-event basis

• Same code for interactive / parallel / 
local / grid analysis

• Adopted by the PWG’s

AliAnalysisTask

INPUT 0 INPUT 1

OUTPUT 0

CONT 0 CONT 1

CONT 2

A. Gheata
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Planning
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Resource overview

27

Parameter Now CTDR Ratio
pp RAW 1.0MB 0.2MB 5*
Pb RAW 35MB 13.8MB 2.5
ESD pp 0.04MB 0.04MB 1.0
ESD Pb 6.3MB 3.0MB 2.1
AOD pp 5kB 16kB 0.3
AOD Pb 1.3MB 0.34MB 3.8
Reco pp 6.8s 6.5s 1.0
Reco Pb 800s 810s 1.0

* was 22!!No Root compression yet
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The access to the data

28

Application

ALICE FC

File GUID, lfn or MD
SE & pfn & envelope

lfn→guid→(acl, size, md5)

build pfn

who has pfn?SE & pfn xrootd

ev#guid Tag1, tag2, tag3…

ev#guid Tag1, tag2, tag3…

ev#guid Tag1, tag2, tag3…

ev#guid Tag1, tag2, tag3…

Tag catalogue
Direct access to data
via TAliEn/TGrid interface
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Xrootd architecture

Client

Redirector
(Head Node)

Data Servers

open file X

A

B

C

go to C

open file X

Who has file X?

I have

Cluster

Client sees all servers as xrootd data servers

2nd open X

go to C

Redirectors
Cache file
location
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Storage strategy

WN

VOBOX::SA

xrootd 
(manager)

MSS

xrootd 
(worker)

Disk

S
R

M

xrootd 
(worker)

DPM

xrootd 
(worker)

Castor

S
R

M

S
R

M

MSS

xrootd 
emulation 
(worker)

dCache

S
R

M

DPM, CASTOR, 
dCache are LCG-
developed SEs

Available
Being 
deployed

Prototype  
being 
validated

Being 
deployed
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Storage tech: new 
trends

cmsd

xrootd

GSI

cmsd

xrootd

Prague
NIHAM
… any other

cmsd

xrootd

CERN

cmsd

xrootd

ALICE global redirector

all.role meta manager
all.manager meta alirdr.cern.ch:1312

all.role manager all.role managerall.role manager

But missing a 
file?
Ask to the global 
metamgr
Get it from any other
collaborating cluster

all.manager meta alirdr.cern.ch:1312 all.manager meta alirdr.cern.ch:1312 all.manager meta alirdr.cern.ch:1312

Local clients work
normally
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Analysis on the Grid - challenges 

• Simplify the Grid job submission language
– Introduction of storage types – removal of explicit 

storage elements
– Already done for job management

• Provide stronger job optimization machinery
– In particular fairshare between users
– Remove entirely the need to specify any grid components
– Automatic methods for data retrieval from MSS ‘in 

advance’ of the job landing on a CPU
• This is the hardest part – currently effective analysis is only 

possible on pre-staged datasets

32
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Chaotic analysis

• The most difficult activity to “tame”

– We don’t know how it looks like but will tell it when we see it

– Can only be “simulated” till the users are really there (and 
then is too late!)

– Response time and flexibility of the system are essential
• NOT the strong point of today’s Grid!

33

 Avg (min) 
Waiting in queue    57.8 
Input files access     2.2 
Running time          86.7 
Saving                      2.8

55% probability the job will wait less than 1 minute80 users (10% of ALICE)
‘bursty’ use pattern
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ALICE central 
services

Sending jobs to data

Job 1 lfn1, lfn2, lfn3, lfn4
Job 2 lfn1, lfn2, lfn3, lfn4
Job 3 lfn1, lfn2, lfn3

Optimizer

Submits job User
ALICE Job Catalogue

Registers 
output

lfn guid {se’s}
lfn guid {se’s}
lfn guid {se’s}
lfn guid {se’s}
lfn guid {se’s}

ALICE File Catalogue

Computing
Agent

Site Site

Computing
Agent

Site

Computing
Agent

Site

Computing
Agent

Send results
Fetch job

Job 1.1 lfn1
Job 1.2 lfn2
Job 1.3 lfn3, lfn4
Job 2.1 lfn1, lfn3
Job 2.1 lfn2, lfn4
Job 3.1 lfn1, lfn3
Job 3.2 lfn2
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The ALICE Grid
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A short history of the ALICE Grid

• Working prototype in 2002
– The ALICE Grid is born

• The Vision From the Very Beginning
– Single interface to distributed computing for all 

ALICE physicists
– File catalogue, job submission and control, 

application software management, end user 
analysis

– And this is….
–    AliEn – Alice Environment

36
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Toddler years 2003-2004

• First MC productions…
• Full vertical Grid – interfaced down to 

local batch system level and any type of 
local storage the site provides (capability 
retained and refined up to today)

• Few hundred CPUs at 13 sites
• Very ambitious goals – validation of the 

entire ALICE Computing model 

37
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Toddler years (2)

CPU work: 285 MSI-2K hours (one 2.8 GHz 
PC working for 35 years)

38
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C.W.Fabjan

At that time ALICE was…

Services

39
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Terrible twos (and a bit beyond)…
2005-2006

• Increased sophistication of the central AliEn 
services

• Full integration with the LCG services
– AliEn is moving toward ‘Top level Grid management’

• Beginning of the story with storage (still ongoing)
• Increase the number of participating sites and 

CPUs used
• And more data challenges…this time with a solid 

backup of the Computing TDR
– Published in June 2005

40
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AliEn services in 2005  

41

HP ProLiant DL580 
AliEn central 
services 

HP ProLiant DL360 
AliEn to CASTOR (MSS) 
interface 

HP ProLiant DL380 
gShell API service   

Disk SE 
log files storage 
1TB SATA Disk server
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PDC results@end of 2005
• Data Challenge IV with LCG SC3: distributed MC production works routinely  

• Monitoring: 25 sites operational, up to 1800 concurrent jobs, all using LCG 
resources, LCG services and ALICE services, thanks to our experience with 
AliEn

42

Running jobs (8 November)

Farm Min Avg Max

Sum 1160 1651 1771

CCIN2P3 134 210 231

CERN-L 268 286 304

CNAF 255 362 394

FZK 0 531 600

Houston 0 3 14

Münster 2 58 81

Prague 43 61 71

Sejong 2 2 2

Torino 33 41 43
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First records – Dec. 2005

2450 jobs

43
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At that time ALICE was…

44
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Beginning of the endless DC

• April 2006 – decision to run in a quasi-
permanent mode

• Integration of new sites
– Workload and storage  

• Improving the robustness of central AliEn 
services

• Operational experience
• Test of AliRoot, new MC productions

45
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gLite enters the Grid world

PPS Schedule for gLite 3.0

46

PRODUCTION!!Deploy in prodn

PPSCertification

Tuesday 28/2/06
gLite 3.0β exits
certification and
enters PPS.

February April May JuneMarch

Friday 28/4/06
gLite 3.0 exits PPS
and enters production.

Wednesday 15/3/06
gLite 3.0β available
to users in the PPS.

Deployment of
gLite 3.0β in PPS

Thursday 1/6/06
SC4 starts!!

Patches for bugs
continually passed
to PPS.

YOU ARE HERE
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April 2006 - xrootd is adopted

• xrootd with MSS backend is operational at CERN
• Similar setup is being brought online at Lyon
• For other sites – experts are preparing the software 

and instructions for site experts how to install xrootd 
on the local storage servers

• Discussion of interoperation of various storage 
solutions (CASTOR2, DPM, dCache and xrootd ongoing

• SRM standard is still being discussed
• ALICE will use xrootd based storage and is actively 

pursuing its inclusion in the standard LCG package

47
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History of PDC’06

• Continuous running since Aplil 2006
– Test jobs, allowing to debug all site services and test the stability

– From July – production and reconstruction of p+p MC events

48
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Resources statistics PDC’06

• Resources contribution (normalized Si2K units): 
50% from T1s, 50% from T2s

6 T1s, 30 T2s
49
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At that time ALICE was…

50
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Kindergarten 2007-today

• Toward fully redundant central services
• Integration of gLite transfer and storage 

solutions
• Automatic site and central services 

management tools ‘auto-pilot mode’
• Automatic production tools
• Integration of more sites, deployment of 

storage
• MC and RAW data production

51
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Number of jobs evolution

52

Max. attained 10325
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Sites contribution

53

50% resources 
contribution from T2s!
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The ALICE Grid in numbers

• 73 participating sites
– 1 T0 (CERN/Switzerland)
– 6 T1s (France, Germany, Italy, The Netherlands, 

Nordic DataGrid Facility, UK)
– 66 T2s spread over 4 continents

• As of today  the ALICE share is some 7000 
(out of ~30000 total Grid) CPUs and 1.5 PB 
of distributed storage

• In ½ year ~15K CPUs, x2 storage

54
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And Romania?

• Since 2001 NIHAM is participating to the ALICE Grid
– One of the most stable and efficient ALICE T2s

• In 2007 NIHAM has deployed the first SE outside CERN
– It provided the model for the other ALICE SEs

– NIHAM is currently operating the largest ALICE SE@T2 (120TB)
– A test site for new software and procedures

• In 2007 ISS also deployed an efficient and well-
maintained T2

• NIHAM is the entry point for the ALICE usage of the 
Romania ALICE official LCG site (RO-07-NIPNE) 

55
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And Romania?

• According to LCG accounting NIHAM delivered ~60% of all CPU 
resources delivered by Romanian Tier2 Federation (ROT2F) to LHC

– This represents ~74% of the CPU time delivered by ROT2F to 
ALICE

– For the time being the NIHAM centre is not supported by 
Romania LCG

• NIHAM alone delivered 167% of the resources pledged to ALICE. 
– ISS and RO-07-NIPNE faired also well

• ROT2F delivered ~67% of the pledges to LCG (including NIHAM 
over-performance). 

• The overall Romanian contribution to ALICE computing is 
quantitatively around 7%, and it is qualitatively invaluable

56
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The ALICE Grid Map

57

Europe

Asia

North America

Africa

Here is the live picture
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Control of the ALICE Grid 

• Fully redundant
– DB (MySQL) master-

slave structure and 
backup

– All central services 
run multiple instances

• Build servers for 
– I686, x86_64, ia63, 

MacOS 32- and 64- 
bit

58
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ALICE Grid task list today 

• Registration of data at MSS T0 and on 
the GRID

• Replication T0->T1
• Quasi-online reconstruction

– Pass 1 at T0
– Pass 2 at T1s

• MC production and user analysis

59
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RAW data from cosmic tests 

60

230K RAW data files



20/08/08 LB&fca @ Sibiu 2008

Replication of RAW 

60MB/sec rate (p+p data taking scenario)
Using gLite transfer tools (FTS), operated through AliEn FTD

61
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Data and MC production - emphasis 

• Fast MC production for first physics with 
various LHC startup scenarios
– And analysis for first publication

• Already 2 cycles made 
• Fast analysis of detector calibration data

– Essentially immediately after data taking 
(same day/night)

• Crucial for feedback to detector experts

62
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Production of RAW 

• Major activity in the past 6 months, very 
successful despite rapidly changing 
conditions
– Both in the code and detector operation
– In total some 120 TB of RAW passed through 

the reconstruction

63
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MC production since 2006 

• Some 330Mio events with various physics 
content

64
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Storage evolution 

• Subject of intense development and deployment
– For ALICE – xrootd as single access protocol

• 4 de-facto storage solutions
– Pure MSS – CASTOR2

– Hybrid disk+MSS – dCache

– Disk – DPM, xrootd

– Critical for analysis is the disk-based storage

• Good overall deployment progress and stability of all storage 
types

• Secure access through the ALICE security envelope – every 
operation is authorized through unique set of encrypted keys   

65
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Storage deployment 
38 storage endpoints over 21 sites, ~1.5 PB  

66
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Current operation principle

67

Central AliEn services

Site VO-box
Site VO-box Site VO-box

Site VO-boxSite VO-box

WMS (gLite/ARC/OSG/Local)

SM (dCache/DPM/CASTOR/xrootd)

Monitoring, Package management

• The VO-box system (very 
controversial in the 
beginning)

–  Has been extensively tested

– Allows for site services scaling

– Is a simple isolation layer for the 
VO in case of troubles
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Operation – central/site support

• Central services support (2 FTEs equivalent)
– There are no experts which do exclusively support – 

there are 6 highly-qualified  experts doing development/
support

• Site services support - handled by ‘regional 
experts’ (one per country) in collaboration with 
local cluster administrators
– Extremely important part of the system
– In normal operation ~0.2FTEs/regions

• Regular weekly discussions and active all-activities 
mailing lists

68
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User analysis activities

• Generally successful
• User jobs priorities are well mastered in the AliEn 

system
• Simple priority scheduling seem to work well, will be 

expanded soon to ‘pay for what you use’ principles
• Storage remains a weak point

– Only the lack of it – available amount does not allow full (as per 
computing model) replication of data to be analysed 

•  As of today, 180 registered, 110 active users on the 
Grid
– Not counting the MC/RAW production and CAF

69
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User analysis statistics, one year

70

~1Mio user jobs completed, 2.7K/day

Chaotic analysis only!
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Monitoring, monitoring, monitoring

• Status of the VOBOX, ALICE  
and WLCG services are 
monitored through ML

• Sites are encouraged to check 
the status through these pages

• Alarm system established

• Standard SAM tests to check LCG 
services availability are incorporated 
in the VO-box

• Available to Grid Support and ALICE 
(via ML)
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Today, ALICE is ready…

72



20/08/08 LB&fca @ Sibiu 2008

Getting ready for the first school day

• In 6 short years the ALICE Grid has been transformed from a ‘proof-
of-concept’ into a fully operational computational platform for ALICE 
offline work 

• The ALICE computing model has been validated thoroughly through a 
series of data challenges with increasing complexity and scope

• The ALICE Grid today uses CPU and storage resources at some 73 
computing centres, fully integrated into the local fabric and services

• The MC and RAW data production is a routine exercise, moving rapidly 
into an automated mode of operation

• User analysis is a routine exercise too…

• Services support on all levels is well understood

• The ALICE Grid is ready for its first day in school, coming, as usual, at 
the beginning of September 
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