Reprocessing LHC beam and cosmic
ray data with the ATLAS distributed
Production System

J.Catmore, K.De, R.Hawkings, A.Hoecker, A.Klimentov,
P.Nevski, A.Read, G.Stewart, A.Vaniachine and R.Walker
ATLAS Collaboration

Alexei Klimentov : ATLAS Computing



CHEP March 23-27 2009. Prague

. Computing in High Energy
u I n e and Nuclear Physics
Prague | Czech Republic | 21 - 27 March 2009‘-

® [ntroduction
B ATLAS Production System

B Data processing cycle

B | HC beam and cosmic ray data
»  Data volume
»  Data distribution

® Data reprocessing

B Preparations

>  Data staging tests
> Conditions data and database access

> Software and Sites validation

B Statistics and errors analysis

® Final data distribution
® Summary and conclusions

Alexei Klimentov : ATLAS Computing 2



Introduction : ATLAS Production System 1/2sndxucearphysics

CHEP March 23-27 2009. Prague

Computing in High Energy

s
Prague | Czech Republic | 21 - 27 March 2009

® Manages ATLAS simulation (full chain) and reprocessing jobs on the
wLCG

Task request interface to define a related group of jobs

Input : DQ2 dataset(s) (with the exception of some event generation)

Output : DQ2 dataset(s) (the jobs are done only when the output is at the Tier-1)
Due to temporary site problems, jobs are allowed several attempts

Job definition and attempt state are stored in Production Database (Oracle DB)

Jobs are supervised by ATLAS Production System

Consists of many components

DDM/DQ2 for data management

PanDA task request interface and job definitions
PanDA for job supervision

ATLAS Dashboard and PanDA monitor for monitoring
Grid Middlewares

DQ2 - ATLAS Distributed Data Management Software
ATLAS software PanDA - the core part of ATLAS Production System
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JOBLOGS JOBPARS
CLOB(4000) CLOB(4000)
‘obactuzlpar> e fposition> ctype> LFN<dype>
<metatyperinputLFN< metatype>
<valie2meD 106050 0 AANGZze 1 Lepton eugen EVNT 354 HGD40334:EVNT 040334, 00001 pool oot <fvahe?
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metatyperoutpt Fr<imetatype
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~ p G
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| flog J4D41E._ 00001 joblog g2 > I

126060 Mo AN oZee _fLapton simui g, 364 462 1

p
«ffileinfo> ctoken><token® <foblog> <Joblogs> alue? ATLAS- GE 1!

Job brokering is done by i sl e Sk et e
the PanDA Servi ce ( bamboo ) memvp pmlFN /memyp tvalue: ddaﬂDﬂDD\Ala;\de:\DBRgIe:.seVD;‘Dﬁ?ErB:Zgzif

851 targachiaoe) s _gnbama\pm posit posi
according to input data e ' '
and site availability

Production Database:
job definition, job states, metadata

[ceadfcharged dulcinealé . /taskinputs.py 43044
------------------- task 43044
Dataset datalf_cosmag. 00085459, physica_LlCalo.dag.RAW.od has 359 files

Incouplete:

Complete @ RAL-LCGZ_DATATAPE,CERN-PROD_DAQ

No suhscrlptluns

Tasks Inpu‘r DQ2 datasets

[readdcharged dulcinea)s dgl-list-dataset \*tid043169

validl. 107406, singlepart singlepi?,recon.E3D.e380_s513 rod3d tid043168
| LY ;N\Hlldl 107406, ainglepart_ainglepi?.recon.RD0.e330 3513 r634 tid0d3led
validl, 107406, singlepart singlepi?,recon. 00,2380 _s513 rod3d tid043163
validl. 107406, singlepart singlepi?.recom. log.e380_s5l3 ro3d tid043163

Tasks Output: DQ2 datasets
= ———H-!i 3 6rids/10 Clouds/ 90+Pr'oduc‘r|on Sites

Monitor sites, tasks, jobs
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3 Grids, 10 Tier-1s, ~70 Tier-2(3)s
Tier-1 and associated Tier-ns form
cloud. ATLAS clouds have from 2 to
15 sites. We also have T1-T1
associations.

ATLAS Tier-1s Data Shares

EDE

IN2P3 MoU & CM
RAW, ESD 15%,

AOD,DPD, TAG .
100% e - o =

-

BNL MoU & CM
RAW 24%,

ESD,

AOD,DPD, TAG

100% HNL

LCA

Input Rates Estimation (Tier-1s)

FZK MoU and CM

Tier-1 BNL CNAF FZK IN2P3 NDGF PIC RAL SARA TAIWAN TRIUMF Summary
RAW, ESD 10%,
AOD, DPD, TAG Tape 80 16 32 48 16 16 32 48 16 16 320
100% (MB/s)
——> Data export from CERN Disk 240 60 80 100 60 60 80 100 60 60 800
> reProcessed data distribution (MB/5)
Total 320 76 112 148 76 76 112 148 76 76 1220
(MB/s)
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® Data processing at CERN (Tier-0 processing)
B First-pass processing of the primary event stream
B The derived datasets (ESD, AOD, DPD, TAG) are distributed from the Tier-
O to the Tier-1s
B RAW data (received from Event Filter Farm) are exported within 24h. This
Is why first-pass processing can be done by Tier-1s (though this facility was
not used during LHC beam and cosmic ray runs)

® Data reprocessing at Tier-1s
B 10 Tier-1 centers world wide. Each takes a subset of RAW data (Tier-1
shares from 5% to 25%), ATLAS production facilities at CERN can be
used in case of emergency.
B Each Tier-1 reprocessed its share of RAW data. The derived datasets are
distributed ATLAS-wide. Incomplete list of Data Formats:

ESD : Event Summary Data
AOD : Analysis Object Data
DPD : Derived Physics Data
TAG : event meta-information
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® ATLAS collected cosmic ray data in Aug-Nov08
and single beam data in September 2008.

® First reprocessing round was completed in DecO8-

Jan(09, the second one is just started.
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® |nreprocessing on the Grid, instabilities and problems at Tier-1 sites may result
iIn peak database access loads when many jobs are starting at once

B Peak database loads can be much higher than average access rates

® In preparation for reprocessing, ATLAS Conditions DB scalability tests were
increased both in scope and complexity, which allowed the identification and

resolution of problems in time for reprocessing.
B By simulating realistic workflow, ATLAS Conditions DB scalability tests produced

Oracle overload conditions at all five Tier-1 sites tested

>  During the overload, the continuous Oracle Streams update of ATLAS Conditions DB
data to this Tier-1 site degraded

»  After several hours, this Oracle overload at one Tier-1 site degraded Oracle Streams
updates to all other Tier-1 sites

»  This situation has to be avoided

® To assure robust production operations in reprocessing we minimized the
number of queries made to Oracle database replicas by taking full advantage of
ATLAS technology-independent data access architecture
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® ATLAS reprocessing jobs accessed Conditions DB data in Tier-1 Oracle replicas, in
SQLite replicas and in POOL Conditions DB payload files
® Minimization of Oracle access improved robustness of remote database access, which is

critical for reprocessing on the distributed NDGF Tier-1 and US ATLAS Tier-2 sites
B Robust Oracle access effectively doubled the reprocessing capacity at BNL Tier-1

® By taking advantage of the organized

WLEG SD QOracle Streams nature of scheduled reprocessing, our

replication of Conditions DB

IOV data Conditions DB access strategy leaves the

Oracle servers free for ‘chaotic’ user-

Tier-0 driven database-intensive tasks, such as
SEs calibration/alignment, detector
performance studies and physics analysis
ATLAS DDM

replication of
Conditions DB Releases
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® Test bulk recall of data from tape by
B Using ATLAS Distributed Data Management staging service
M Ask for 35 datasets comprising 9TB of data in 3k files
B Target rate for a 10% Tier-1 is 186MB/s

GigaBytes online at TRIUMF-LCG2_DATATAPE

GB .
520 Minutes from 2009-02-09 20:54 to 2009-02-10 05:34 UTC
T T T T T T

=0T o s=Toeccccceapocaos

® Many Problems Understood
B Poor performance between

SE and MSS systems
B Stuck tapes leading to files

LT O el e NS ol .

T e o

2,000k -,

being unavailable

I fdr08_run2. 0052293, physics_Jet.dag.RAWa3 (677.43) || fdr08_run2.0052280.physics_Jet.dag.RAW.o3 (745.86) L d bI S R M
[ fdr08_run2.0052290. physics_Muon.dag.RAW.O3 (422.45) B fdr08_run2.0052301 physics_|et.dag.RAW.oS (750.07) - Oa pro ems on
[1fdr08_run2.0052300.physics_|et.dag. RAW3 (208.08) W fdr08_run2.0052293 physics Bphys.dag.RAW3 (232.68)

[1fdr08_run2.0052290.physics_Bphys.dag. RAWo3 (256.63) W fdr08_run2.0052253 physics_Minbiasdag. RAW.03 (131.23)

[ fdr08_run2.0052304.physics_Jet.daq. ReWa3 (745.86) [l fdr08_run2.0052300 physics_Minbias.dag. RAW.a3 (118.21) Se rvers

[ fdr08_run2.0052283 physics_|at.daq.RAWG3 (750.07) [ fdr08_run2.0052304.physics_Bphys.dag.RAWa3 (221.80)

B fdr03_run2.0052301. physics_Muon.dag.RAWL3 (165.11) [ fdr08_run2.0052293 physics_Egamma.dag. RAWS3 (54.40)

[ fdr08_run2.0052290.physics_|et.dag. RAWo3 (684.99) [ ]fdrO8_run2.0052283 physics_Minbias.dag. RAW.o2 (162.84)

[ fdr08_run2.0052280.physics_Bphys.dag. RAWo3 (221.80) B fdr08_run2.0052293 physics_Muon.dag.RAWo3 (386.78)

[1fdr08_run2.0052301. physics_Egamma.dag RAWo3 (958 .46) ... plus 16 mors

Total: 9,371 , Average Rate: 0.30 /s

9371 GB staged in 520 mins -> 300 MB/sec
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® Site Validation procedure

m  Objective was to validate that all Tier-1 and Tier-2 sites produce identical outputs
from the same inputs
> The computing model envisaged reprocessing at Tier-1s only
>  Some clouds have asked to use their Tier-2s as well, and additionally the Operations team is keen to

have spare reprocessing capacity

m Validation procedure :

> Reconstruct representative files (which are a mixture of streams) at all reprocessing sites
> Dump the numerical contents of ESD, AOD files into plain text (using Athena)
> Compare text files and check for line-by-line identity

> Perform final round of validation (signed off by data quality experts) with a single run/stream/dataset
processed exactly as for the reprocessing

The Golden Rule:

Reprocessing may only run at sites which have been validated
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Data volume: 284 million events in ...
... 127 runs, 11 streams, 1973 datasets, 330559 files - 513 TB of raw data

Output volume: 8321 containers, 2164416 files, 110 TB (all formats, w/o multiple replicas)

Raw Data distribution between

Cosmic events recorded and processed by ATLAS since Sep 13, 2008 ATLAS Tier-1ls, 91% data are
IIE"! ; T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T ; di Sk resident
é 220 | = Sum of RPC, TGC, MBTS L1 Triggers 216 million events --------- = Tier-1 Datasets Datasets
‘E 200 & | —— RPC Triggers (L1) = (TB)@TAPE | (TB)@DISK
- — ———— Bottom '‘Downward' RPC Triggers {L1) -
- 180 = | tec Triggers (L1) < BNL 648 (89.5) 609 (124.2)
- [ | ——— Min. Bias Scint. Triggers (L1 —]
S 160 |- Calori t. Triggers (L1) - CNAF 85 (21.5) 81 (20.3)
4 140 £ —— Calorimeter Triggers (L1) =
: C = |nner Detector Track Trigger (L2) - FZK 200 (57.6) 186 (40.3)
© 120 |- | ——— EM Calorimeter Triggers (L1) —]
o — — , — 4  IN2P3 269 (61.3) 247 (45.3)
o 100 [ Several hundlred ml_lllnn cosmic evelnts taken in various 1
- detector configurations before the first LHC beams. —
£ - Lastupdated: Sat Feb 14 23:07:33 2009 = NDGF 93 (14.6) 88 (13.2)
g 80 —  Vertical areas indicate magnetic field status: —
50 :_ ORANGE: solenoid on, GREEN: toroid on, BLUE: Both fields on _: PIC 88 (17.1) 84 (16.4)
a0 = 4 RAL 181 (69.0) 159 (52.7)
20 — =  SARA 237 (47.4) 207 (37.0)
C | | ﬁ TAIWAN
99 (20.4 94 (18.5
88500 89000 89500 90000 90500 91000 91500 92000 eated )
TRIUMF
Run number 73 (14.6) 2 (0.6)
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World Wide - running - year _ e
& MOnTn oL
36 k i ' ' mati
Peak 35k simultaneous running jobs Setomation
3 k i ' '
150k jobs per day finished
32 k
30 k :
- Production system manages
. simulation and reprocessing jobs
' \4 \
. | and does task- brokering
., | automatically
w O FDR-II
12 k .
= Production
16 k
14 k
12 k
10 k
2k
0 h
4 k
2 k
@
Mar Apr May Jun Jul Aug Sep Oct low Dec Jan Feb
mcCA EUS @MDOE MWES EMFR MUK MTW @NL @NDGF @ IT [ CERN
Range Trom Wed Mar 5 00:00:00 2008 UTC to Thu Mar 5 00:00:00 2009 UTC
Generated by TRIUMF-LCGZ (times in UTC)
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Reprocessing scheme (2060 tasks of types 1 — 3, 630 of type 4)

1.Reprocess RAW data files, produce : EventSummaryData, DataQuality Histograms, Calibration NTUPles and TAG files

2.Produce Analysis Object Data, Derived Physics Data files

Job brokering is done by the PanDA Service (bamboo) according
to input data and site availability. When a job is defined,
4.Merge Calibration NTUPles files 1t know? which flles,are on t,_'ape and the, ,

Production System triggers file pre-staging in these cases.

Job statistic (1 job =1 file)

---M----

3. Merge DQ historgrams files

Total 20707 26348 48288 13619 12561 23472 54360 128764 329609
Jobs
Done 20150 26015 364 46937 13018 12281 23167 51344 124667 317943
Jobs

~~
Fraction 97.3 94.7 100. 97.2 95.6 97.8 98.7 94.5 96.8 ( 96.5\
[%%] <.’
Aborted 557 1459 0 1351 601 280 305 3016 4097 11666
jobs
Fraction 2.7 53 0 2.8 4.4 2.2 1.3 55 3.2 p g5~
O/ O, ‘
[%%] \_.

Number of attempts per successful job, <av> 1.8

R A M A I N

#attempts  1.02 1.39 .8 2.31 2.85
14
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ESD : 2replicas ATLAS wide (distributed between Tier-1s)
AOD : 11 replicas ATLAS wide (consolidated at Tier-1s and CERN)
DPD : 20+ replicas ATLAS wide (consolidated at CERN,Tier-1s and distributed within clouds)
Calibration datasets replicated to 5 T2 calibration centers
Data quality HIST datasets replicated to CERN
[ status istics for all period, TIER1S+ only, updated: 2009-01-07 12:20:03 UTC ]
Total Files Total CPF"H m- subscribed [ transfer I done [ suspect
|::Id:budDms:et«:s"“I in d Completed Transfer Subscribed $°F ; e e
E F ATLAS Beam and Cosmic Ray data replication from
8125 80361 79968 8104 0 21 m; CERN to Tier-1s and to calibration Tier-2s. Sep-
5478 74369 73984 5458 2 18 e Nov 2008
5478 74389 73977 5458 0 20 2000 =
“-* x x o [ x x = x = w = w = Y x = [ 7 o
5478 7439 7447 5458 20 0 § :f % & 7§28 % F %3 FE IR Doz I : %oz 1§ % § §EGS
578 7439 7077 548 0 20 g 153332 ipaiiioiinifdgey g
5478 74360 7447 548 20 0 : 3 0% § ] 3§ Ffo:opoibEoEo5os i 08§31
54?8 ?4369 ?434? 5455 20 U Lasts.:.lbsc';iption:13 December 19:5;:25 | Last FC checked: 07 January 12:08:06 | Last transfer: 02 January 123: :,23 : "
c478 74960 79972 5451 0 a5 | dataset status statistics for all period, TIER25+ only, updated: 2008-12-04 08:24:49 UTC |
5478 74369 73977 5458 0 20 B subscribed [ transfer I done [ suspect
5478 74969 73077 5458 0 20 2 m + ATLAS Beam and Cosmic Ray derived data
8125 80%1 70849 8095 0 3 E i replication to ~70 Tier2s, Tier-3s
& & : . : B
50 E- ;
300 B : : : : :
w il HHnn..A
Reprocess data mFg ! 1 L ”Fg S A 5
i i AP 040 Uz ay U0 A Y23 000 N R saayEY0ZR AL I hatEE2aa08p nag
repllcatlon Status. T E%EE‘Eﬁiﬁiiéggaggﬁjggﬁggggég%EEt:’gggggI:Eﬂ:'é§§§§£§ggﬁ§¥¥:aggggulg
99+% were completely E gﬁaggé BIE8ETS §§§E gagﬁ L EEEFEEEEEE IR
- . EE- = § zggzg=’ g% §° 173 2:%°
replicated to all Tier- : a1l P gk ; : >3
H E g 3 2

1s

Last subscription: 03 December 23:19:13 | Last FC checked: 04 December 08:24:29 | Last transfer: 04 December 04:33:09
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Persistent errors — never succeeded (~25% of all errors)

Memory too high
349 39% i CPU too high

Pilot looses job

/ ) 4 Repeated Athena crash
19, . Other

Transient errors — job ultimately succeeded (~75% of all errors)

& Athena crash

& Lost heartbeat

“ Get input failed
Put output failed

55%

13% “ CPU too high
!_2% “Memory too high No single “main
1% 1% Other (2000) reason” but

operational issues
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The ATLAS Production System has been used successfully for LHC beam and
Cosmic Ray data (re)processing

The Production System handled the expected data volume robustly

ATLAS Distributed Data Management System is robust and detector data as
well as reprocessing results are distributed to sites and physics team in a
timely manner

Issues with conditions data and database access were understood and
technical solutions found. There is no scalability limit foreseen for database

o~ o o~ o~ o~

Data staging was exercised on a 10% scale and reprocessing using bulk

(0.5PB) data staging is in progress.
Grid vs off-Grid data processing issues need more testing
The second round of reprocessing is started in March and our target is to

reprocess 100% of events. We have all machinery to do it.
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® BACKUP SLIDES
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dataset status statistics for all period, TIER15+ only, updated: 2009-01-07 12:20:03 UTC
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® Some events never reprocess

B 3.5% of all events in last reprocessing

B 1 failed event = all events in RAW file are not reprocessed = 1
complete luminosity block for that stream not reprocessed (with
collisions)

® Generally a failed event will need new software to reprocess it

B After the main campaign, we must re-run all failed files to get to a
situation where 100% of events are reprocessed

B Once finally done these events will be appended to the existing run
X stream container, as a final dataset

Machinery is ready and it will be tested during March09
reprocessing campaign
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Software Components :

P.Nevski : Knowledge Management System for ATLAS Scalable Task Processing on
the Grid

R.Walker : Advanced Technologies for Scalable ATLAS Conditions Database Access
on the Grid

Grid Middleware and Networking Technologies

R.Rocha : The ATLAS Distributed Data Management Dashboard

S.Campana : Experience Commissioning the ATLAS Distributed Data Management
system on top of the WLCG Service

G.Stewart : Migration of ATLAS PanDA to CERN

Distributed Processing and Analysis

G.Negri : The ATLAS Tier-0: Overview and Operational Experience
B.Gaidiouz : Monitoring the ATLAS distributed production
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