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Introduction: As part of the'CERN openlab collaboration an Be“::‘“:harHlfs: A Simp“fiet‘_' "ers_i:h“ °;t|;‘e

4 - - - searcn ror tne niggs in association witn a oson
investigation has I_:een madg into the use of an SQL-bas_ed_ was implemented, both as a single root-macro and
approach for physics analysis. Currently, physics analysis is done as an SQL-query. This analysis returns the

using data stored in centrally produced root-ntuples that are invariant mass of the lepton- and jet-pair and uses
accessible through the LHC computing grid. We'll present an 40 variables.
alternative approach to physics analysis where analysis data is QATLAS
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stored in a database. This would remove the need for customized
ntuple production, and allows some'of the calculations that are
part of the analysis to be done on the database side.

Dataset and database design: The benchmark analysis was tested Gl

using a subset of ATLAS experiment data from root-ntuples that were centrally X \

produced for the ATLAS top-physics group. Root-ntuples store data column-wise,

while Oracle groups all related attributes together by row. A database design was T A zgigf§§5§§
chosen where physics objects were stored in separate tables. greennes) and s Gt s Gz cones_~ __ e
Data consistency is guaranteed through the Table name  columns M rows sizein GB In addition, a cutflow analysis for the top-pair
PrimaryKey constraint on the RunNumber, BT — 516 899  114.4 production cross-section measurement was
EventNumber attributes in the eventData-table, | ..ron 340 495 946 implemented as a benchmark. In this case the
which is referred to by all other tables through et 171 268 263 original "RootCore"”-packages used by ATLAS are
a ForeignKey constraint. muon )51 77 14.2 compared to a modified set of packages that

The table on the right shows the volume of the orimary vertex 25 89 5 11.9 retrieve data from the DB via an SQL-query. This
test-data in our database, extracted from a subset gf (trigger) 490 79 7.9 more realistic analysis involves 319 variables, and
of 127 ntuples containing a total of 7.2 million MET RefFEinal 62 | 66 2.3 used data from the same tables as the Higgs+Z
events, with 4000 analysis variables per event. e Sreres £9 79 14 benchmark as well as data from the photon-table.
Physics Analysis In SQL: The sQL-version of the Test setups: Two types of test setups were used. The “test3”-setup
benchmark analysis is built through a series of select used 2 machines with network-based file storage (NFS) accessible from all
statements on each object-table, each with a WHERE- nodes. The 2" test setup, "mapred”, was designed to run either Hadoop or
clause to apply selection criteria. Object-selection can be Oracle RAC and was optimized for fast I/0 using 5 machines connected to 5
done via temporary tables using the WITH-AS statement: disk arrays holding a total of 60 disks. On this test-setup the Oracle

WITH goodmuons AS{(SELECT ... FROM muon WHERE pt>25.) database used the Automatic Storage Management feature, and Hadoop

or by explicitly creating a table holding the ObjECtS. used its hdfs filesystem, to s_;pread Test setup "test3" "mapred"
Materialized views can be used to define common selection the data evenly over all devices. # nodes 5 5
criteria. For example, the benchmarks used a materialized For the comparison with root on Max 10 sosed

view to define the good luminosity-block selection. the mapred-cluster, the ntuples ax. 10 speed | 250 MB/s 2500 MB/s
At the end of the query, JOIN statements on the were distributed evenly over all disks. | total CPU cores 32 40
RunNumber,EventNumber attributes are used to put

information from the different selections together: Parallel test on “test3" setup P llel - i

SELECT ... FROM-gaod_muonsHNNER JOIN‘Good_bjets USING T ———. arallel execution: ansqL query
(RunNumber,EventNUmber) WHERE Goodmuons;N=2 AND P can be executed in serial or in parallel and

the degree of parallelism can be set on the
hmt |nS|de the query. For the N\
|m|cked

goodhbjets.N=2

The user might be not be able (or willing) to re-write all
analysis code as SQL. Simple calculations can be written in
PL/SQL but one can also call exisisting C++ libraries from
inside the SQL-query. In this case the external libraries
need to be uploaded to the DB machines and linked to
PL/SQL functions. For example, one of the external C++

ntuple analy g .
by running multlple S|multaneou
each analysing a subset of files. The root-
version gained more from parallelism than
the DB-version of the analysis. This is
because the DB-version is limited by I/0

.' table or b

Iibraries usec' by the benChmarks Was usec' in the b-jet 1root-job / 2root-jobs / 4root-jobs / 8 root-jobs / 16 root-jobs / Speed as it neec'S to read many COIumnS in
identification to re-calculate the b-tagging likelihood. Sserel - sabFR o saLpA o sabEE - sALpe the table to find the relevant variables.
i ]
CPU usage: Higgs+Z from ntuples CPU usage: Higgs+Z from DB
10 60 root-iobs: . SQL parallel 40:
CPU usage: The maprd'CIUSter o L . 71 ;c;(c):ojnodss » 135 seconds

was used to study CPU usage. Here, | | o | | So Hiddaandls o B
the ntuple-version was executed " bt
using 60 root-jobs (1 per disk). The
plots on the right show that the 0 . - 0 . - y
Higgs+Z benchmark was fastest with ; . 1
the ntuple-version and both version . CPU usage: tthar cutflow from ntuples . - SCPIIJ_ usagezlttbla;:;ltflow from DB
were limited by iowait. The ttbar - 588 seconds .| |32 ceconds
cutflow benchmark was faster with : '

& the DB-version as the RootCore-
>*| packages were limited by CPU.
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LHC experi men ts.
- storage in combination with
| wide tables limits performance |
— e by the 1/0 read s
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m system
lllll

e
Hadoop: on the mapred-clv  cruusage: Higg5+zf;|;,;::so:gta8kSIOtS: stem. Fu .=

179 seconds .

(hdfs). The Hadoop
| slots (8 per node) to match the

system. The Higg: 5+Z benchmark a aIyS|s was reproduced

_| 'using MapReduce-code written in java. The Higgs+Z analyis O
in Hadoop used a relatively large amount of CPU and was ’ ° 1

slower than both the ntu ple d D%—versmn \ l \ %




