
Distributed analysis with CRAB: the 
li t hit t l ticlient-server architecture evolution 

and commissioning

Giuseppe Codispoti
Dipartimento di Fisica, Università di Bologna & INFN

On behalf of CMS CollaborationOn behalf of CMS Collaboration

Acat 2008
Ettore Majorana Foundation and Centre for Scientific Culture, 

Erice (Sicily), Italy
November 3-7, 2008



Overview

CMS and the Distributed Computing
The Analysis Model
CRABCRAB
Motivation for the Analysis Server
Th S A hit tThe Server Architecture
The Server User Interfaces
Server Scale Tests
CRAB UsageCRAB Usage
What about the Future?

03/12/2008 Giuseppe Codispoti on behalf of CMS 2



The CMS Distributed Environment

-CMSSW

-Data distribution system  (PhEDex)

-Data Bookkeeping system (DBS)
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Data Bookkeeping system (DBS)

-Grid flavours and local batch system (WLCG, OSG, lsf..) 



CRAB and the User Analysis Model
CMS Analysis model:

– User runs interactively on small samples in the local 
i t i d t d l hi l i d d t t itenvironment in  order to develop his analysis code and test it

– User selects a large (whole) sample to submit the very same 
code to analyze zillions of events (no remote user code 
compilation)compilation)

– User's analysis code is transported to the sites where sample of  
interest is located, following the CMS data location driven 
computing modelcomputing model

– Results are made available to the user to be analyzed 
interactively to produce the final plot

Cms Remote Analysis Builder (CRAB):Cms Remote Analysis Builder (CRAB):
– A friendly interface for the physics distributed analysis

interacts with the user code and in general with the Analysis 
software (CMSSW)software (CMSSW)
interacts with the Data distribution system  (PhEDex)
interacts the Data Bookkeeping System (DBS)
interacts with the Grid flavours and local batch system (WLCG,
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interacts with the Grid flavours and local batch system (WLCG, 
OSG, lsf..) for job execution.



CRAB Workflow
Write analysis code;Write analysis code;

Select the dataset to be analyzed;
Decide job parameters (e.g. event number per 

job) and other CRAB configuration 1) Finds data information 
( h i l fil l ti d(physical files location and 
their content)

2) Splits the user task in 
many jobs, according to the 
user configuration and the 

data location
Packs the user codePacks the user code

3) Submit jobs to the Grid: the 
data location is used by Grid 
W kl d M t t l tWorkload Management tools to 
match remote resources

4) through Grid tools: Track jobs status4) through Grid tools: Track jobs status, 
Retrieve output or move it to a user 

defined Storage Element, Allow more 
jobs action such as cancelling, 
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resubmitting, retrieve verbose log for job 
failures



Analysis Server

Provide logging information about user jobs as well as the 
system usagesystem usage 

Automate as much as possible the whole analysis 
workflowworkflow

– Reduce the unnecessary human load, moving all possible actions to 
server side, reducing to a minimum those on client side
Automate as much as possible the interaction with the Grid

– perform submission, resubmission, error handling, output retrieval, 
post-mortem operations etcpost-mortem operations, etc. . .

– Allow better job distribution and management

More in general:More in general:
– Improve scalability of the whole system providing to CMS specific 

functionalities which cannot to be not included in the Grid middleware 
b h il d b h i CMS l i j b
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but are heavily used by the generic CMS analysis job



Server Architecture (1)

The server adopts a modular software approach:
independent components implemented as agents– independent components implemented as agents

– where needed, multithreading approach in the agent 
implementation

i ti th h h d i t t– communication through an asynchronous and persistent 
message service (publish & subscribe model)

Th t i M SQL DB ( iThe system core is a MySQL DB (message service, 
job logging & bookkeeping …)

– other external components used for data storage andother external components used for data storage and 
transfer: 

default GridFTP but also: rfio, dcache…

The architecture is as similar as possible to the other 
CMS Workload Management Tools: reusing code, 
sharing efforts
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sharing efforts



Server Architecture (2)
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Server from the User Point of View

CRAB command lineCRAB command line
– batch-like system

Mail notificationMail notification
HTTPfrontend
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Server from the Admin Point of View
HTTPfrontend:
– Shows Tasks & Jobs Information:

Jobs cumulative status
Datasets accessed
Jobs destinations
User monitoring

Monitor Components and Services status:– Monitor Components and Services status:
Display the status of components and active services
Allow to access components logs through webAllow to access components logs through web
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Scale and Performance Tests

Setup of a dedicated test environment:Setup of a dedicated test environment:
– Controlled job submission for few days

t ti ith i l GLit WMS ddi t– starting with a single GLite WMS, adding more up to 
an eventual breaking point

Collecting monitoring info from various sources 
(WMS, GridFTP server, CRABserver)(WMS, GridFTP server, CRABserver)

Emulate multi-user environment, after an initial 
single user phase
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Single User Scale Tests Setup

Very short jobs not reading an input dataset

Zipped Sandbox of about 8MB

S b itt d t ll it l di T1Submitted to all sites excluding T1s
– Constant rate : 500-600 jobs every 20min
– Plus Peaks of 1000-2000 jobs every 5 hours

From 40Kjobs/day to 50Kjobs/day submittedFrom 40Kjobs/day to 50Kjobs/day submitted

03/12/2008 Giuseppe Codispoti on behalf of CMS 12



Single User Scale Test Results

~ 200Kjobs handled
More than 50 CEs
CRAB Server scales with 2 WMS!CRAB Server scales with 2 WMS!

There is no 
i di ti findication of 
reaching a 
b kibreaking 
point: It can 
lik l h dllikely handle 
more!!!
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MultiUser Test Setup

Job submission from different user certificates using 
WMSmore WMSs

6 users with a variety of submission patterns:6 users with a variety of submission patterns:
– multi users scheduled submission: 

1 user submitting a task of 100jobs every 15min 
1 user submitting a task of 500 jobs every 20min 
1 user submitting a task of 600 jobs every 3hours
1 user submitting a task of 2000 jobs every 6hours1 user submitting a task of 2000 jobs every 6hours

– random submissions: 2 volunteer users submitting at their will

Increase in the DB content, starting from a not empty DB 
(about 200Kjobs from previous testing)
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MultiUser Test Results

120Kjobs in 48 hours 
( ith 2 WMS) ith k(with 2 WMS) with peaks 
of 2-3 Hz
No evident problems withNo evident problems with 
DB and gridFTP server

But also indication forBut also indication for 
further improvements:

– We are confident we 
can do better and we 
know how
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Outlook

Realized a friendly interface for the physicsRealized a friendly interface for the physics 
distributed analysis (see next slide for actual 
usage)usage)

Realized an analysis server automating the y g
interaction with the Grid, reducing the 
unnecessary human load, scalable and reliabley

Stressed the system up to high rates, trying to 
reach the expected rate for CMS operations
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CRAB Usage
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What about the future?

Post-mortem operations
– output merge, data movement etc…

E t di i t f ( b & hi )Extending user interface (web & graphics)

Improving monitoring tools also for theImproving monitoring tools also for the 
administrator

Workflow automate

Anything that can be automated
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