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What Is Panda®?

167 - PanDA: Distributed production and distributed analysis system for ATLAS
Grid middleware and tools - Monday 03 September 2007 15:00
Presenter: MAENO, Tadashi (Brookhaven National Laboratory)

PanDA is the ATLAS Production and Distributed Open Science Gric
Analysis system for OSG
Developed by US ATLAS to meet the requirements for

full scale production and distributed analysis
processing for the ATLAS Experiment at CERN

ATLAS places challenging requirements on throughput,
scalability, robustness, operations manpower, efficient
Integrated data/processing management

Current estimates are for 100-200k jobs/day within US
ATLAS during full scale running, and ~4 times that
number ATLAS-wide

Panda development began in August 2005 and it took
over US ATLAS production responsibilities in
December 2005



http://www.opensciencegrid.org/
http://cdsweb.cern.ch/search.py?recid=43077
http://cdsweb.cern.ch/search?of=hd&f=970__a&p=000036397MMD

Panda features

Designed to support both managed production and
user analysis via flexible job specification/injection

Dataset based organization of Panda matches the DDM
system and the analysis work model (based on ATLAS
data management system DQ2)

DDM used to pre-stage input data and Immediately
return outputs, all asynchronously, minimizes data
transport latencies and delivers earliest possible results

Management/optimization of workload via job queue
with late binding of jobs to worker nodes gives dynamic
andljlexmle system response to highly variable DA
wor

Use of grid and farm batch queues to pre-stage job
wrappers to worker nodes (pilot jobs) and directly
deliver workloads from Panda allows fast injection of
DA work



What does the Pilot do?

Lightweight execution environment to
prepare CE, request actual payload,
execute payload, and clean up

Handles data stage-in and stage-out
between worker node disk and local SE
through DDM client - data already copied
to site by DDM system

Pilot jobs broadcasted from Job
Scheduler(s) to batch systems and grid
sites; actual ATLAS job (payload) is
scheduled when CPU becomes available,
leading to low latency



Footnote about Schedulers

Multiple pilot submission approaches

Condor-G, for US ATLAS production at most US
production sites

Local batch scheduler. PBS at UTA, TRIUMF and
UBC, Condor at BNL, AGLT2, TORONTO

Very efficient and robust, but cannot be centrally managed
New generic scheduler (‘AutoPilot’)

Supports local batch, Condor-G, LCG, and (soon) pilot factory
(based on new Condor scheduler glide-in)

Extends Condor-G support OSG-wide and LCG-wide
Dedicated submit hosts at BNL, UTA, Madison, Lyon
CERN host for testing coming online



Pilot features

Data transfer of input/output and log files to/from local SE
Pilots can be centrally configured according to each site policy
File transfers using various copy tools; cp, dccp, rfcp, uberftp, gridftp, lcg-cp
Direct reading support for dCache, Castor and Xrootd
Time-outs for [hanging] transfers (supports multiple attempts)

Job execution
Pilot exits immediately if no real job is available
Pilot forks job wrapper for the real payload
Job wrapper communicates with pilot through TCP
Cleans up workdir after job is done (finished or failed) and saves the tarball
of workdir to SE
Monitoring

Job monitor running as separate thread - is job still alive? Kills sub
processes if no output is produced within limit

Sends heartbeats to job dispatcher every 30 minutes

Cﬁan killliajob if desired by user (message sent through heartbeat communication
channe

Keeps current job state in a special file
Reports local DDM space to panda monitor
Job recovery —next slide



Job recovery

When there are site or service problems, valid data from
completed jobs can be stranded on WNs (or even
deleted)

Pilot is equipped with a recovery system to salvage
these jobs, without a rerun

If a completed job is unable to migrate its output to SE, it
leaves job output and status on WN

A later pilot checks for these stranded jobs, and retry the
SE data movement

Effective in waiting out service disruptions and
recovering afterwards

— CPU cycles otherwise lost are recovered
Job recovery is optional



Job recovery algorithm
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Multitasking Pilot vs queues

Multitasking pilot — ability to run a production
job at the same time as a user analysis job

Pilot asks for new analysis jobs one after job dispatcher]
another until production job finishes - A
Can offer a large pool of analysis resources , g Ntps
(the production farm) without machines pilot }
standing idle \

Good for accommodating highly fluctuating /
analysis loads; very short latency — always
ready for DA jobs

Concerns: Resource contention (esp. prod job
memory), conflict with resource usage anal job

policies, break “fair” sharing of local batch
systems with other users’ jobs
Pending evaluation, traditional approach of
special queues (long and short) for analysis
jobs is used




Panda efficiency

Automated error analysis critical for scalability

Currently ~10k jobs/day — if 2% unknown failures, requires
debugging of hundreds of log files/day, which is the most time
consuming part of operations

Scaling to 100k+ jobs per day will be a challenge

Logging, monitoring, and error reporting

Independent https based logging service

Integrated web based monitoring view (next slide)

Panda reports 60+ different errors (and growing with experience)
Panda system errors so far < 3% (majority of errors are
site problems, or from other software systems)

Found Panda system errors usually fixed immediately

No Panda scaling problems seen so far, with a maximum
of ~40k jobs In job queue



Panda monitor
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Error reporting (1/2)

/= Panda job error summary for last 12 hours (0.5 days) - Windows Internet Explorer

@;\- i !é, http: ffgridui03.usatlas . brl. gov: 258580 serverfpandamon) queryfoverview=errorlistékype=production&hours=12
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(& Microsoft Outlook Web Access | (& Panda job errar summary... X |§‘ PandaErrorCodes < Atlas < ... |
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Panda monitor

Quick guide, twiki

User info

Jobs - search
Recent running,
activated, waiting,
assigned, defined,
finished, failed jobs
Select analysis,
production, fest jobs
Quick search

Job

Dataset

Task

File

Summaries
Blocks: days

Errors: days
Nodes: days
Daily usage

Tasks - search
Generic Task Req
EvGen Task Req

CTBsim Task Req
Task list
Task browser

Datasets - search
Dataset browser

New datasets
Ahnrtad M datasets

Panda job error summary for last 12 hours (0.5 days)

Managed production jobs only. Show production, analysis, test all jobs/CEs
Job wall time: 23387 hrs Errorlosses: trans: 3528 (15.1%) panda: 3237 (13.8%) ddm: 185 (0.8%) other: 1578 (6.7%)

Error type (type count)

All

ddmErrorCode (21)
ddmErrorCode (21)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCaode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)
exeErrorCode (294)

jobDispatcherErrorCode

(351)

Count CPU-hrs

Latest

Code:

Description

defined 0 assigned: 1809 waiting:124 aclivated 2973 running:802 holding:3326 transferring 2514 finished: 4466

failed:965 (17.8%)

4 0.0
17 68.3
55 1.0
70 4454
19 2286
13 148.2
39 0.7

5 331
5 2:3

1 14
11 121.3
1 9:5
10 0.2

1 0.3
10 1T
45 1.3

9 822
161 25478

09-0312:05
09-03 16:07
08-31 15:00
08-31 23119
08-31 14:52
09-03 12:40
08-3112:38
09-0312:33
09-03 11:09
09-0317:32
09-03 15:18
09-0315:22
09-03 10:44
09-03 08:43
09-03 10:50
09-03 16:58
09-03 1411

09-03 01:03

DQ2 server error

- Could not add outptt files to dataset
- DQ2 staging input file failed

DQ2 put error: LRC registration error (consult log file)
. Looping job killed by pilot

- Failed to register log file

. Grid proxy not valid

. Athena non-zero exit

. Athena C++ exception

. segmentation violation

. segmentation fault

. AthenaCrash

. Transform unknown exceptions

- Transform output file errors

. Transform output file contains too few events
. Problems with the DBRelease tarfile

. Unknown Transform error

. Lost heartbeat

w

0 Internet

Ho00% v
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Error reporting (2/2)

056 Errors for period AUG=-2887

[CJEXEPAMNDA_UNKNOWN_JDED I SPATCHERERROR
EIEXEPANDA_JOBKILL _BYPILOT
[JEXEPAMDA_JOBEXPIRED_STXDAYS
EWrRAPDSG_D0ZGET_Input—File-nissing-in-PoolFileCatalog.xml
[CIWRAPOSG_TRANSFER_TIMEQUT
[JEXEPAMDA_JOBDISPATCHER _HERRTBEAT
[CIwRAPOSG_JOBKILL _SIGECRU
CIWRAPOSG_D02PUT_F ILECOPYTIMEOUT
E:EPANDA_JOBKILL _BYEXTIF

CITRFERROR

BWRAPOSG_JOBKILL _UNKNOWNS IGHAL
[(IWRAPOSG_D02PUT_FILESIZEMISHATCH
CwrAPOSG_DOZ_SERYERERROR

1.0%
2.3%
3.6%

Transfer time-
11.9%

0.1E CWRAPOSG_DOZGET _LOCAL-INPUT-FILE-MISSING
0.23 M WRAPOSG_DO2GET _FAILED-TO-GET-POOL-F ILE-CATALOG
1.6% B EXEPHNDA_LOGEWORKDIR_MISSING

CWRAPOSG_DO2_FILEADD
MWRARPDSG_JOBKILL_SIGTERM
CWRAPOSG_DOZ_STAGEIN
CIWRAPDSG_DNZGET_INFILE
MWRAPDSG_D02GET_CANTCALL

ATLAS

application
error

File size mismatch

13.1%

3108

(0,137=)
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Panda central production
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Job and walltime efficiencies
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Panda and Condor Glide-Ins

In the plans since October 2005, actively pursued since
September 2006

Initial target is a new capability for Condor: schedd
glide-ins to support site-level pilot factory (and thus
move away pilot submission from a global submission
point as we have now)

Condor only supports startd (‘pilot’ type) glide-ins at
present

Working directly with Condor team

In OSG we are collaborating with CMS (Igor Sfligoil,
FNAL) on startd glide-in

Panda can easily use Condor startd glide-in pools to
submit jobs



Conclusions

_ _ _ N ssamviisomsioon
Panda production on OSG is going very well
(CPU’s busy, no scaling limits or performance,
atency issues found)

Pilot equipped with highly useful features; esp.
job recovery and multitasking

Many different storage systems supported
Several different pilot delivery systems
Panda with Condor glide-ins under developmen
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More Information

Panda home page
https://twiki.cern.ch/twiki/bin/view/Atlas/Panda

Panda pilot home page
https://twiki.cern.ch/twiki/bin/view/Atlas/PandaPilot

Panda monitor |
http://services.atlascomp.org/?redirect=pandamon

Open Science Grid http://www.opensciencegrid.org/
ATLAS Experiment http://atlas.web.cern.ch/Atlas/index.html

P. Nilsson CHEP’07 19
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