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ALICE Data ChallengeALICE Data Challenge

• ALICE will be producing up to 
1.25 Gbyte/s of data, storing  
more than  1PByte/year

• We will have to deal with 
events ranging from kBytes to 
~1Gbyte
– Multiplicities up to few tens of 

thousand tracks
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The ALICE GRID MapThe ALICE GRID Map

• Data to be analyzed spread over widely 
distributed resources

Asia
Africa

Europe

North America

Live picture hereLive picture here
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The Computing ModelThe Computing Model

T0 Fi t t ti t f RAW lib ti• T0: First pass reconstruction, storage of RAW, calibration 
data and first-pass ESD’s
– Central PROOF cluster for pilot analysis, fast feedback p y ,

calibration and reconstruction
• T1: Subsequent reconstructions and scheduled analysis, 

storage of a collective copy of RAW disk replicas of ESD’sstorage of a collective copy of RAW, disk replicas of ESD s 
and AOD’s

• T2: Simulation and end-user analysis, disk replicas of y p
ESD’s and AOD’s

• For analysis, hybrid flavors of PROOF/batch computing 
resources pop up as the SW we are using takes more andresources pop-up as the SW we are using takes more and 
more advantage of multi-core architectures.  
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The Data FlowThe Data Flow
Raw data Event Summary Data Pass1 – T0Raw data
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AliRoot
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Event Summary Data Pass2 – T1
Calibration
Alignment 

data

OCDB

Event Summary Data Pass3 – T1

OCDB

AliEn/GLite store ESD

filter
AOD 

standard
Analysis 

Analysis 
A l i

• ESD – run/event numbers, trigger word, primary vertex, arrays of 
tracks/vertices detector info

+ extra

y
Analysis 

tracks/vertices, detector info
• AOD standard – cleaned-up ESD’s, reducing the size O(10) times

– Can be extended on user demand with extra information 

• ESD and AOD inheriting from the same base class (keep same event interface)• ESD and AOD inheriting from the same base class (keep same event interface)
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Analysis modelsAnalysis models

• Three main analysis models
– Prompt data processing (calibration, alignment, 

reconstruction, analysis) @CERN with PROOF

– Pilot analysis with local PROOF clusters for fast feedback

– Batch Analysis on the GRID infrastructure Ξ→πΛ→pπ
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Scheduling the analysisScheduling the analysis

M k l h li it d• Makes always sense when resources are limited
– Accessing the full data set is a stringent exercise
– There are a lot of analysis clients to be servedy

• One needs to maximize the profit of having data in 
memory and optimize CPU/IO ratio

h h l f l l ? ll l ?– Sharing the event loop for several clients ? Parallelizing ?
• Formalizing event structure is not enough, one needs to 

formalize also data access patterns → analysisformalize also data access patterns → analysis 
framework. This comes with some bonuses:
– Helps to develop a common well tested framework for analysis

D l k l d b d i l– Develops common knowledge base and terminology
– Helps documenting the analysis procedure and makes results 

reproducible
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Scheduled analysis producing AOD`sScheduled analysis producing AOD s

Acceptance and Efficiency Correction Services

ESD/AOD

Monte Carlo Truth

TASK 1 TASK 2 TASK … TASK N

ESD/AOD

AOD
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What the analysis framework does in 
ALICE

• Transparent access to all resources with the same code
– Usage: Local, AliEn grid, CAF/PROOF

• Transparent access to different input data
– ESD, AOD, MC truth

• Allow sharing resources by multiple analysis modules
– Accomodate different analysis in the same session (analysis 

i )trains)

• Provides the formalism for generic inter-connectable 
l i t k “ th t h i l t l„analysis tasks“ that share a single event loop

– Very general design, not bound to ALICE software
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AliAnalysis frameworkAliAnalysis… framework

• D t i t d d l d f i d d t
CONT 0 CONT 1

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

T k b i t t d i d t t i– Tasks can be inter-connected via data containers 
with matching type (graph-like)

– Tasks have to implement virtual methods that are 
called in different processing stages

INPUT 0 INPUT 1

called in different processing stages
• Event loop steered by ROOT TSelector

functionality
– Special embedded loops used in event mixing also

AliAnalysisTask

– Special embedded loops used in event mixing also 
supported

• Tasks are owned by a manager class 
(AliAnalysisManager)

OUTPUT 0

(AliAnalysisManager)
– Used to hide computing scheme dependent code 

and steer event processing in the task graph
CONT 2
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How it worksHow it works

AliAnalysisManager
TObjArray *fContainers

TObjArray *fTasks
AliAnalysisSelector

Top cont

Top level tasks 

ESD chain

Chain->Process()

task1 task2

p
and containers

(“Train”)

output1 output2

T k
POST EVENT LOOP

task4
result

Task
Fit

result
EVENT LOOP
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The user task structureThe user task structure

• CreateOutputObjects (called once per session on the 
worker node)
– Self describing, allows booking histograms and trees

• ConnectInputData (called at any change of input tree)
– Allows connecting to the current event via analysis manager

• Exec (called for every event)
– Allows processing current event and publishing the output data 

• Terminate (called once on the client)
– Allows finalizing the analysis (e.g. draw/fit histograms) 
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The overall pictureThe overall picture

AliAnalysisManager AliVEventHandler

AliAODHandler
(Output)

AliMCEventHandlerAliESDInputHandler
AliAODInputHandler

AliAnalysisTask

AliAODEventAliMCEvent
AliESDEvent
(AliAODEvent)

AliVEvent
AliAnalysisTasSE

AliAnalysisTaskAliAnalysisTaskAliAnalysisTask
UserANALYSISTask

(AliAODEvent)

AliVParticle

AliMCParticle AliAODtrackAliESDtrack

DataTasks
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PROOF AnalysisPROOF Analysis

PROOF t d f P ll l ROOT F ilit• PROOF stands for Parallel ROOT Facility
– Using trivial event based parallelism
– Forces user implementation of a TSelector – derived class

• The framework comes with a special selector streaming  a full 
analysis session to the PROOF cluster
– Completely transparent for usersCompletely transparent for users

• The same local analysis can be run in PROOF with minor 
changes

C t t PROOF l t d l d/ bl th d– Connect to PROOF cluster and upload/enable the user code
– StartAnalysis(“proof”) 

• This mode is in production in ALICE CAF (CERN Analysis 
Facility)
– Very good scalability for reasonable cluster load
– Heavily used by ALICE users due to the fast responsey y p
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PROOF analysis mechanics
PROOF

PROOF analysis mechanics
AM->StartAnalysis(“proof”)
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GRID AnalysisGRID Analysis

S b i i b h l i i GRID i h• Submitting batch analysis in GRID is somehow more 
difficult because user has to:
– Create dataset(s) write fully customized JDL write executable– Create dataset(s), write fully customized JDL, write executable 

and validation scripts, copy all dependency files in AliEn FC, 
handle merging …

• An AliEn plugin for ALICE analysis framework was 
developed to:

K t ROOT t ll i t i htf d– Keep user at ROOT prompt, allowing straightforward 
customization via API

– Automate all interactions with AliEn, generate all needed files, 
submit the job and collect the results.

– Everything done via AliEn API using ROOT TGrid interface
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AliEn analysis pluginAliEn analysis plugin

PROOF SETUP

MY MACHINE

PROOF SETUP

________________
TProof::Open(“user@lxb6046”)

gProof >UploadPackage(“pack par”)

AliEn SETUP

________________
CREATE + CONFIGURE 

MyAnalysis.C

gProof->UploadPackage( pack.par )

gProof->EnablePackage(“pack”)

.... + + GRID PLUGIN

StartAnalysis(“local”)StartAnalysis(“proof”) StartAnalysis(“grid”)

MyResults.root
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AliEn plugin configurationAliEn plugin configuration
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“Offi i l” k d i h i“Official” tasks tested in the train
• Tested on CAF an 

AliEn data for all 
“ ffi i l” k“official” new tasks

• Regular runs of the 
train in GRID will be 
scheduled

• Testing/running 
new tasks in GRID 
will be much easier 
with the new plugin
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Experience so farExperience so far

Th f k d l d d i h l 2• The framework was developed during the last 2 years 
and fully adopted by ALICE users
– A lot of effort done by several people which now pays back– A lot of effort done by several people which now pays back 

• Very stable and bug-free in all modes
• Extremely handy to process widely distributed data quite fast

– Design goals met
• Still there are new features developed very recently

• Good user feedback via the alice analysis task force• Good user feedback via the alice-analysis-task-force 
mailing list

• Very good CAF experienceVery good CAF experience
– 5-10 concurrent CAF users daily
– Triggered fixes and new developments in PROOF also
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Some numbersSome numbers

Ti i f l• Timing for several 
analysis tasks submitted 
separately versus aseparately versus a 
single train via the 
frameworkframework
– Batch cluster at GSI
– No GRID latenciesNo GRID latencies
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SummarySummary

ALICE Offli h d l d l i f k th t hid• ALICE Offline has developed an analysis framework that hides 
computing scheme dependences from the user. The same 
user code runs on 
– Local PC
– CAF/PROOF
– Grid

• Framework manages a list of independent tasks:
– Execution triggered by data readiness
– Sequential execution of the top level tasks (train) driven by input– Sequential execution of the top level tasks (train) driven by input  

chain
• Common I/O is managed by event handlers

F k f ll d t d b ALICE• Framework fully adopted by ALICE
– Reaching stability but new developments ongoing
– Very positive experience so far
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