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Outline

= CMS Computing model, data flow and T1/T2 data
processing workflows

= Data transfer operations

» Scheduled processing (data skimming and reprocessing)
at Tier-1's

= Monte Carlo production at Tier-2’s
= Data analysis at Tier-2’s

= Monitoring

= Summary
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CMS Computing Model

» Distributed computing model for data storage, processing and analysis
» Grid technologies (Worldwide LHC Computing Grid, WLCG)
» Tiered architecture of computing resources

» Several Petabytes of data (real and simulated) every year

O(50) primary datasets
O(10) streams (RAW)

[ First pass
r

N

econstructionj

José Hernandez CTiesmak

@nline System] Tierm Tipr-Q Tier-2

‘ RECO Tier-1 Tier-2
AOD
Scheduled data Tier-2
processing (skim
& reprocessing) Tier-2

CMS Tier-1/Tier-2 operation experience

* Analysis }

@ S— ‘
’ / [-MCsimuIation

WLCG workshop, Victoria, Canada, 2 Sep 2007



CMS data flow
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(RAW, RECO, AOD)
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T2s — T1s 12 MB/s x 30 = 360 MB/s (analysis, MC)
More than 2 GB/s CMS-wide data transfers N
S
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Data processing workflow

= Data Management System to discover, access and transfer event data in
a distributed computing environment

» Fileblock-based data replication and tracking

= Local (trivial) file catalogue
= Merging processing step
= Data location based processing

Workflow
management -

tool

Job flow
—_— 3 | Local file
Data flow catalogue
Info flow SE
—_—
PhEDEX .
Site
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Data transfer operations

» PhEDEX is the CMS data transfer and placement system
» Reliable end-to-end large scale data transfers
» Global and site local agents
» Multi-hop routed transfers. Dynamic routes
* Ontop of LCG middleware (FTS, SRM, gridFTP)
= Implements CMS policies and priorities
* |ncludes CMS data organization (files, blocks, datasets)

= Experience from site operation
= Very mature, robust, scalable, good monitoring and support
= Needs contact person at sites running local agents (pros and cons)
» Data management features (subscriptions, deletions, mass prestage)

= Sometimes difficult to figure out what is going on (error logs and
routing information available via global monitor helps)

= FTS server architecture, FTS server at destination or source T1 ?
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Data transfer operations

» LoadTest data transfer ioad generation machinery

* Production transfers (MC data) too small in scale to stress the system

= Routinely keeping a level of ~ 1 GB/s CMS-wide (~ 0.5 PB/week)

= Mainly TO — T1s and regional T1 <« T2s transfers

= Need to very much improve T1s «» T1s and non regional T1 — T2s transfers
= Big effort by DDT team to commission all links

» Link commissioning takes a lot of time (many layers involved)
CMS PhEDEX - Transfer Rate
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Storage systems

= CASTOR-2, dCache, DPM

» rfio and dcap posix I/O access protocols

» Painful migration to CASTOR-2 (CNAF, RAL, ASGC)
= Much heavier to tune, operate and maintain than CASTOR-1 (LSF, ORACLE)
= Melt-down by heavy load
» dCache seems to work well for the other Tier-1s (FNAL, PIC, FZK, IN2P3)
= At Tier-2s DPM and dCache
= Tier-2 sites with dCache generally happy. Heavier to manage than DPM
* Problem in DPM with rfio libraries with SL4 CMSSW versions...
= Xrootd with DPM being investigated

= Would be good to share information and experience on configuration and
tuning between sites (via infrastructure operations program)

= See example of US sites
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Data management and access

= Data management at Tier-1 sites

* |n 2008 all data fit on disk but in later years data retrieval from tape
for organized data processing will be needed

» Data pre-staging? Needed? How? PhEDEX? srm-bring-online?
Coupling with workflow management tool? Pre-stage pilot jobs?
» under debate

» Storage organization

Storage classes in SRM v2.2 (diskOTape1, disk1Tape1, disk1TapeO,
diskOTape0)

Disk space managed by SE according to space tokens or experiment
How many disk pools (WAN, processing, etc)

Automatic inter-pool copies by storage system

dCache namespace mapping to different disk pools

No policy dictated by CMS. Sites free to organize storage

Unique big diskOtape1 disk pool might be enough at the beginning
We have to see with experience
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Data processing

» Data placement based
= Jobs are sent to data, no remote stage-in

» Data placement system replicates data if necessary prior to processing

= Data directly read from storage system via posix I/O access protocols
» No stage-in from local storage into Worker Node

» QOrganized (scheduled) data processing at Tier-1s (data skimming and
reprocessing)

» QOrganized MC production at Tier-2s (also at Tier-1s so far due to
availability of resources)

» ‘Chaotic’ user analysis at Tier-2s (also at Tier-1s so far due to MC data
placed there. Moving to proper Tier-1 processing workflows

= Unique workflow management tool (ProdAgent) for MC production, data
skimming and reprocessing (also reconstruction at Tier-0)

= CRARB for data analysis
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Data processing

» Currently more than 20K jobs per day
= Mass MC production

» Significant user data analysis complemented by JobRobot jobs
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Data processingat Tier-1's

Data skimming only exercised during CSAO0G at large scale

= Several filters run concurrently producing several output files

Successful demonstration of data reprocessing at Tier-1s during CSA06
= 100-1000k reconstructed events at every Tier-1
» Reading conditions data from local Frontier cache

» Reprocessing-like DIGI-RECO MC production ramping up at Tier-1s

= Only significant production at CERN and FNAL so far but other Tier-1s ready (SL4
WNs and CMSSW releases available)

Organized data processing workflows at Tier-1s will be exercised during
MNCQCANT7 At A lavnAar o~anlAa
LVOAU/I Adl d IdlytCl suailc

» Recalling data from tape?
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MC production

Major boost in performance and scale in CMS MC production during last
year

Re-factored production system has brought automation, scalability,
robustness and efficiency in handling the CMS distributed production
system

Much improved production organization, bringing together requestors,
consumers, producers, developers and sites, has also contributed to the
increase in scale

Reached scale of more than 20K jobs/day and 65 Mevt/month with an
average job efficiency of about 75% and resource occupation ~ 50%

Production is still manpower intensive. New components being integrated
to further improve automation, scale and efficient use of available
resources while reducing required manpower to run the system

= JobQueue & ResourceMonitor
» ProdManager

José Hernandez CTiesmoak CMS Tier-1/Tier-2 operation experience WLCG workshop, Victoria, Canada, 2 Sep 2007 13



Cumulative Evenis Written (Merge)
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& Production performance: resource usage

= Approximate slot usage (average number of slots continuously running production)
= Ramp up from June (~ 5000 slots used in average out of the 10K slots available)

» |n average ~50% resource occupation (production inefficiencies, no automatic
resource management, manual job release by operators, many sites, many small
production requests)

Approximate Batch Slot Count by Team
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Maximurm: G008, 60 Slots, Minimum: 131.27 Slots, Average: 3856.94 Slots, Current: 678.10 Slots
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a Production performance: job efficiency
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Data analysis

» Significant scale of job submission

= Real user analysis jobs

= Complemented with JobRobot fake analysis jobs (job load generator)
» User data management under discussion/prototyping

» /store/user namespace

» Possibility in CRAB of user data registration in DBS/DLS

= Possibility in CRAB of PhEDEX injection for transfer

» User data management at sites (diskOtape0?)

= CRAB being re-factored to include Prodagent components for job job
tracking, automatic resubmission, data registration, etc (CRAB server)
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Data analysis

GLOW-CMS (Madison ,LISA)

Mebraska (Lincoln ,LSA)

BelGrid-UCL {Louvain-la-Neuwve, Belgium)
UFlorida-PG [Gainesville, USA)

UCSDT2 (La Jolla ,USA)

T2_Estonia (Tallinn, Estonia)

MIT_CMS (Camnbridge,MA,USA)
CIT_CMS_T2 (Pasadena, US)
USCMS-FNAL-WC1 (Batavia, lllinois, USA)
CIEMAT-LCG2 (Madrid,5pain)

RTUETF (Riga, Latvia)

ITEP (Moscow, Russia)

IFCA-LCGZ (Santander, Spain)
BEgrid-ULEVUE (Brussels, Belgium)
unknown

IN2P3-CC (Lyon, France)

DESY-HH (Hamburg, Germany)
INFN-ROMAL-CMS (Rome, Italy)
INFM-LNL-2 (Legnaro (PD), taly)

pic (Barcelona, Spain)

CERMN-PROD [Geneva, Switzerland)
USCMS-FNAL-WC1-CE (Batavia ,USA)
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FZK-LCGZ (Karlsruhe, Germany)
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|:| submitted

jobs per site

app-succesded

m u
]
1
[
1
1
] =
[
— u
I ]
[
I
]
[T
1
1
1
25000 50000 75000 100000
number of iohs
jobs per site
1
]
1
T W
e 1
S |
|
S|
S|
S
|
0
1
S
|
|
1
1
|
M|
50000 100000 150000 200000 250000 300000 350000 400000
number of jobs
app-failed app-unknown pending running aborted cancelled

José Hernandez Tiesmak

CMS Tier-1/Tier-2 operation experience

Few million analysis jobs (real
user analysis + JobRobot fake
analysis) run during last year

A lot of user analysis still at
Tier-1s
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Site DMS and WMS monitoring

Several tools to monitor infrastructure and DMS/WMS services at sites to
make sure CMS workflows will run correctly

SAM jobs to monitor site configuration and services very useful
JobRobot jobs to monitor job submission and data access

Sites should check SAM, JobRobot monitors to find and fix problems
PhEDEXx monitor for data transfers

Very important prompt reaction from sites
» Data access problems, wrong configuration, WNs black holes, BDII, etc

Aavannah tinrkate 'Fnr rlg tn
avdaliiidadilli LIUI\GLO I\JI L

for operational problems
CMS site contacts sometimes directly contacted by operations team
Hypernews fora for site contacts

Need involvement from sites
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= Tier-1/Tier-2 CMS data and workflows well established

= Large and sustained scale
= 1 GB/s data flows CMS-wide
= ~20k jobs/day MC production and data analysis

» Big effort ongoing in data transfer and site commissioning which requires
commitment from sites

= Still a lot of work to do
» T1s < T1s and non-regional T1 — T2s transfers
= Exercise workflows involving data recall from tape

» Storage organization at sites
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