b

Distributed analysis with CRAB: the
client-server architecture evolution
and commissioning

Giluseppe Codispoti

Dipartimento di Fisica, Universita di Bologna & INFN

On behalf of CMS Collaboration

Acat 2008

Ettore Majorana Foundation and Centre for Scientific Culture,
Erice (Sicily), Italy

v November 3-7, 2008




Overview

e CMS and the Distributed Computing
e The Analysis Model

e CRAB

e Motivation for the Analysis Server

e The Server Architecture

e The Server User Interfaces

e Server Scale Tests

e CRAB Usage

e What about the Future?
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-CMSSW

The CMS offline computing system is
arranged in four Tiers which are
geographically distributed

Online system E—- Online farm recorded data

. Wi l i § \ it
Tier 1 , Il . i I
France Regional - Italy Regional - Fermilab Regional ..
Center \ Center Center
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via Grid
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-Data distribution system (PhEDex)

-Data Bookkeeping system (DBS)
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-Grid flavours and local batch system (WLCG, OSG, Isf..)
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CRAB and the User Analysis Model

e CMS Analysis model:

o

- User runs interactively on small samples in the local _
environment 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)

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

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

Cme Damnta Anahreciec Brildar (CD AR
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- A friendly interface for the physics distributed analysis

e interacts with the user code and in general with the Analysis
software (CMSSW)

e interacts with the Data distribution system (PhEDex)
e interacts the Data Bookkeeping System (DBS)

e interacts with the Grid flavours and local batch system (WLCG,
OSG, Isf..) for job execution.
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CRAB Workflow B

h/cic rnda:
Select the dataset to be analyzed,;

Decide job parameters (e.g. event number per
job) and other CRAB configuration

UserBox CRAB Client

1) Finds datainformation
(physical fileslocation and
their content)

( 2) Splits the user task in
many jobs; according to the
user configuration and the
datajlocation
Packs the user code

CRAB server

S ¢

gsiftp server

SEs

I
direct sul;fnlsalnnavallable fileblocks Dataset Discovery

3) Submit jobs-tothe Grid: the
data location.is useg-by Grid
Workload Management tools to
match remote resources

~

4) through Grid teols:.Track jobs status,
Retrieve\output of move/it to a user
defined Sterage Element, Allow more
jobs aetion.such.as€ancelling,
resubmitting,retrieve/verbose log for job

_ failures

File Location
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Analysis Server

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

e Automate as much as possible the whole analysis

workflow

- Reduce the unnecessary human load, moving all possible actions to
server side, reducing to a minimum those on client side

e Automate as much as possible the interaction with the Grid

— perform submission, resubmission, error handling, output retrieval,
post-mortem operations, etc. . .
— Allow better job distribution and management

e More in general:
— Improve scalability of the whole system providing to CMS specific
functionalities which cannot to be not included in the Grid middleware
but are heavily used by the generic CMS analysis job

| ¥
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Server Architecture (1)

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

- where needed, multithreading approach in the agent
implementation

- communication through an asynchronous and persistent
message service (publish & subscribe model)

e The system core is a MySQL DB (message service,
job logging & bookkeeping ...)
- other external components used for data storage and
transfer:
e default GridFTP but also: rfio, dcache...

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

W
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Server Architecture (2)

Handle Failed Jobs [Manage Components

Tasks < Crab Client

ErrorHandler

Web Inteface
for User
Tracking

AdminControl |

6lanlaat-le \UETETS[IM  take task and operations

CRABSERVER + Prodfgent Components

HTTPFrontend

. . register task in the OB
Nofify (Mail) and check input sandlbox

usersfoperatofs TaskRegister

Motification

Manage storage quota
Track

Task Status

TasklLife Manager

TaskTracking

Collect User Proxy

y Collect SB

4

MySQL ProxyCache
GetOutput labKiller |obTracking CrabWorkerComponent
Retrieve and Cancel jobs Poll Middleware Submit Jobs
Crganize Cutput
v v v
Grid Middleware/ WS Middleware/Batch Submit
Batch System
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Server from the User Point of View

e CRAB command line | == e
— batch-like system

tt: Arrived task: fanfani StressTest-Roundd 16 83b838ac-1f8d-4d56-8ad 1-66b 477628428
Event: TaskRegisterComponent: NewT askRegistered
date: 122418642728

. M al I n Ot I fl Catl O n tzt: Task in submission queue: fanfani_StressTest-Foundd_16_83b838ac-1f8d-4d56-8ad1-66bd77628428

Event: CrabServerWorkerComponent: FatWorkerResult

e HTTPfrontend o 0

reason:  Full Success for fanfarm StressTest-Foundd 16 83b338ac- 1f8d-4d56-8ad1-66bd 77628428

tne: 6177795169353

s ~/scratchBMorkOK = crab -create -submit date: 1224186492 37
crob. crob {version Z.4.2) running on Tue Oct 28 16:37:16 2968 ’ ’
crab. Working options: tt Submission completed: fanfani StressTest-Foundd_16_83bE38ac-1f8d-4d56-8ad 1-66bd7T7628428

scheduler glite
job type CM3SY Event: Reached 1

working directory  Jafs/cern.chi/user/s/spiga/scratch@/MorkOK /crab_B_851625_163716/

. . ) date:  1224186571.54
crab. Contocting Dota Dizcovery Services ...
crob. Requested datoset: /ZmumusCSABS_CSABE_S156_wl/GEN-3IM-RECO has 16562 events in 1 blocks., S . .
. tut: publishing task success (sending e-tnatl to )

crab. May not create the exact number_of _jobs requested.
crab. 18 job({s) con run on 108 events.

crab. List of jobs and available destination sites:

Elock. 1: jobs 1-18: sites: srm.ciemat.es,storm.ifca.es,tZ-srm-02.lnl.infn.it,srm.cern.ch,cmssrm.hep. wisc..edu,srn.grid.sinica.edu ftw

crab. Creating 18 jobs, pleaze wait...

) From: crab@lnT.infrn.it
crab. Total of 18 jobs created. subject: "Crabserver@crahas-cms-1.cr.cnaf.infn. it Notification: The task [crab_0_081028_125019] is completed at 100
crab. Registering a valid proxy 0 the sefvip gy p . october 28, 2008 1:12:19 PM GMT+0L:00
crab. Proxy szuccessfully delegated to the|s
To: Undisclosed recipients:;

crab. Starting sending the project to the|s

b. Task crob_6_BS1826 163718 full: . . . .
Fren- Task eran-t- - Rt The task 'crab_0_081028_12501%" owned by Giuseppe Codispoti and composed by 40 job(s)

is completed at: 100%
. |crab. Total of 18 jobs submitted

Status Report:
40 1ob(s) 9n status [Donel
1 Jobds) in status [Ki1led]




S Server from the Admin Point of View =
e HTTPfrontend:

- Shows Tasks & Jobs Information: ===
e Jobs cumulative status ol
e Datasets accessed I
e Jobs destinations .
e User monitoring =
- Monitor Components and Services status:
e Display the status of components and active services
e Allow to access components logs through web

et pwalaie
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it g 1300
u ) : watr 3913 e
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‘:- 03/12/2008 Giuseppe Codispoti on behalf of CMS 10
| &



i
Scale and Performance Tests Q¥

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

— starting with a single GLite WMS, adding more up to
an eventual breaking point

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

e Emulate multi-user environment, after an initial
single user phase

»
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Single User Scale Tests Setup km%’

e Very short jobs not reading an input dataset
e Zipped Sandbox of about SMB

e Submitted to all sites excluding T1s

- Constant rate : 500-600 jobs every 20min
- Plus Peaks of 1000-2000 jobs every 5 hours

e From 40Kjobs/day to 50Kjobs/day submitted
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Single User Scale Test Results @)

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

e Thereis no Cumulative of jobs per Status
indicationof | = __a
reaching a

preaking

noint: It can

Ikely handle

morelll

‘ L 03/12/20C MW Cleared (71,897) | | Aborted (10,517) 1 Running (29.00) W Scheduled (13.00)
‘ 82,456 , Average Rate: 0.38 /s



MultiUser Test Setup =

e Job submission from different user certificates using
more WMSs

e 6 users with a variety of submission patterns:

— multi users scheduled submission:
e 1 user submitting a task of 100jobs every 15min
e 1 user submitting a task of 500 jobs every 20min

e 1 user submitting a task of 600 jobs every 3hours
e 1 user submitting a task of 2000 jobs every 6hours

— random submissions: 2 volunteer users submitting at their will

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

Cumulative of jobs per Status
60 Hours from 2008-10-28 06:46 to 2008-10-30 18:46 UTC
L] L] L L] L] L L] L] L L]

140,000

1z0.000

e 120Kjobs in 48 hours
(with 2 WMS) with peaks
of 2-3 Hz

e No evident problems with
DB and gridFTP server

100,000

80,000

60,000

40,000

20,000

)

e T T
lg:00 1400 12:00 23:00 02:00 06:00 10:00 1400 12:00 22:00 0200 06:00 10:00 1400 18:00

W Cleared (129,993) || Submitted {4,096) ] Aborted (8,993) W Done (3,360) (5]

I Shedulea 0575 i Funnina (326,001 aiing .00 Destination Sites Distribution (Sum: 143675)

Total: 149,612 , Average Rate: 0.69 /s

e But also indication for
further improvements:

- We are confident we
can do better and we
know how

W cellesc.gmul.ac.uk (9181) | |leg02.ciemates (28169)

[ heplnx206.pp.rl.ac.uk (6307) B heplnx207.pprl.ac.uk (6737)
[ lyogrid02.in2p3 fr (5624 W ce0l-cms.lip.pt (5613)

[l gridce3.desy.de (5576) W ce2. polgrid.pl (5457)

[ polgridl.in2p3.fr (5415) ] asg-gw-2 .12, ucsd edu (5291)
[0 grid109.kfki.hu (5100) [] sg-gw-4.42. ucsd.edu (5070)

’ ' M gridba?.ba.infn.it (4660) [ legee0 2 jinrru (4106)
W lcgee0 ]l jinrru (4024) [ nod=07 datagrid.cea fr (3815)
‘ L’ 03/12/2008 [l egeecenl.ifca.es (3801) B hephygroeaw.ac.at (3780)
P
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Outlook

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

e Realized an analysis server automating the
Interaction with the Grid, reducing the
unnecessary human load, scalable and reliable

e Stressed the system up to high rates, trying to
reach the expected rate for CMS operations

W
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CRAB Usage "

Number of distinct analysis users per day from the beginning of 200¢
259 Days from Week 52 of 2007 to Week 37 of 2008
T T T T T T T

Analysis jobs terminated per day from the beginning of 2008

259 Days from Week 52 of 2007 to Week 37 of 2008 T
T T T T T T T i :

80,000

]
Jan 2008 Feb 2008 Mar 2008 Apr2008 May 2008 Jun 2008 Jul2008 Aug 2008 Sep 2008

o
Jan 2008 Feb 2008 Mar 2008 Apr2008 May 2008 Jun 2008 Jul 2008 Aug 2008 Sep 2008

Cumulative of jobs per Status

Crab distinct users from the beginning of 2008 75 Deys from 2008-10-14 to 2008.11-02

273 Days from Week 52 of 2007 to Week 35 of 2008
T T T T T

25,000 fm e e e P B T

20,0000 .. . '8 | . A oo U

15,000 fuicnennnn LAy [ S S,

10,000 fu . ey -

5000 fu-oennns

0 e — —
2008-10-15 2008-10-17 2008-10-19 2008-10-21 2008-10-23 2008-10-25 2008-10-27 2008-10-20 2008-10-31 2008-11-02

a
Jan 2008 Feb 2008 Mar 2008 Apr200g May 2008 Jun 2008 Julzo0g Aug 2008 Sep 2008

0 Cleared (23,210) || Aborted (2,043) [ Waiting (1,252) M Scheduled (1,290)

I Direct
[7] Submitted (601.00) [ Cancelled by user (519.00) [ Running (70.00) W Ready (2.00)

Total: 1.00 , Average Rater 0.00 /s
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Jun
What about the future? £

e Post-mortem operations
— output merge, data movement etc...

e Extending user interface (web & graphics)

e Improving monitoring tools also for the
administrator

e \Workflow automate

e Anything that can be automated
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