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The ATLAS EventIndex
ATLAS produces billions of events per year.
● Events are stored in files.
● Files are grouped into datasets.
● Rucio is the distributed data management 

system that keeps track of files, datasets, 
their metadata and their replicas.
– But Rucio does not handle event-level 

information.

● EventIndex is the catalogue of all the 
ATLAS events.
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Event ID
Trigger Decision
Self Reference
Ref. to RAW
Ref. to AOD
...

EventIndex Contents
Event Records of 
immutable event 
information:
● Run and event number.
● Its own location

– GUID, oid1, oid2.

● Its provenance.
● Luminosity  Block.
● Bunch Crossing Id (BCID).
● Trigger information*.
● MC information*.

References to the events
 at each processing stage

in all permanent  files
generated by central productions.
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Use Cases
● Event Picking:

– Give me this event in a 
specific format and 
processing version.

● Counts or selections.
– Based on trigger decisions…

● Overlaps:
– Of triggers in a dataset.
– Of events between 

derivations.

● Production checks:
– Completeness.
– Duplicates detection.
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SQL XOR NoSQL?
Before EventIndex (Run 1): 

Tag Database
● Somewhat different  

use cases.
● Huge Relational DB.

–

● Included mutable 
information.

● Production using DDM.
● Performance below 

expectations.

SQL

End of 2012

EventIndex
● Learn from previous 

mistakes.
– Custom data production 

and data collection.
– Only immutable info.

● Explore New BigData 
Technologies:
–

– Scalability wrt. 
data volumes.

– Apache: free software.

NoSQL

A B

U
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Architecture

Data CollectionData Production Data Storage and Query Interfaces

Data Collection
● Collect, validate 

and ingest 
production.

● Designed, 
developed and 
maintained by IFIC.

Storage & Query
● Permanent storage

– Full info in Hadoop
● HDFS MapFiles + 

HBase.
● MapReduce.

– Subset in Oracle.

A
B

Q

A B

U

Data Production
● Extract event metadata 

by means of Tier 0 and 
Grid jobs.

● Store production 
independently of 
ATLAS DDM.

● Coordinated by IFIC.
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New architecture based on 

● Designed and developed by IFIC.
● Relational database over non 

relational distributed database.

SQL AND NoSQL

Architecture Evolution

2012 architecture mostly 
based on HDFS.
● Maturity of Hadoop.
● Flexibility.
● Catalogue in HBase.

A
B

Q

A B

U
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Why?
● Data taking rates 

will increase:
– x3 during Run 3.
– x10 for HL-LHC.

● Target:
– 100B new real 

events/year.
– 300B new 

simulated 
events/year.

● HBase is mature:
– Distributed, non-relational 

database.
– It provides fast lookups on 

top of HDFS.

● Phoenix provides SQL on 
top of Hbase.

● HBase organizes 
information. We decide:
– Families carefully created 

to reduce retrieval times.
– Primary Key wisely chosen 

to keep it small and 
performant, and to 
maximize the locality of 
related information.
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Data Collection

DB

STOMP
brokers

Object StoreProducers

EventIndex
Supervisor

Web
Interface

Rucio

Panda

Tier0

Consumers

Data production is shared between producers and 
consumers by means of CERN's Object Store facility 
based on Ceph, using its Amazon S3 compatible interface

Validation objects 
are stored on 
Object Store too

Control messages:
STOMP + ActiveMQ

Production stats + URL
URL prod + URL valid

Consumer stats

Datasets 237 K

Ficheros 35 M

Eventos 464 B
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Data Collection Supervisor
Key Component:

● It orchestrates the indexation 
procedure of all ATLAS events.

● It receives summarized 
information from the jobs that 
run at the WLCG.

● It validates the production, 
checking its correctness and 
completeness against Rucio.

● It decides and commands 
what should be stored in 
Hadoop.

● Designed, developed and 
maintained by IFIC.
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Event Records Processed
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DataScouting:
up to +2.7B events
in a single dataset.

~500 billion event records:
80% real data.

20% simulation.
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GUIDs and Jobs

Far more data jobs.
● data jobs process less 

GUIDs than mc jobs.
– Trigger.

– Bigger GUIDs.

~5,5M
 Jobs

Data ≈ mc
~20M GUIDs

~40M GUIDs
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Trigger Counter

TAV Group

COUNT L1 TAP results

LIST
TBP Filtering over Triggers, by Limiting

PH LumiBlock and/or BCID LB Lists

OVERLAP HLT PT or

RS BCID

Operations
Available Which

Trigger Level?

Any Filter?
Other Options
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COUNTing Triggers

https://ei-atlas-dc.cern.ch/tc/getresult/8e7f6deb-4180-4d17-884e-0ce058c574b6
https://ei-atlas-dc.cern.ch/tc/getresult/84807e84-55db-469d-87af-5cc9595d9b59
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OVERLAPing Triggers

● Results available in a 
couple of minutes for all 
the operations.

● Callable from tools thanks 
to parametrized URLs.

● Result in different formats:
– As interactive plots
– Exportable as JSON.
– Exportable as CSV files.

https://ei-atlas-dc.cern.ch/tc/getresult/58668579-dc70-46bd-b685-1dfd87a1b800
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Sync with Tech

Strong statically typed 
general-purpose 
programming language:
● OOP + 
● Functional 

Programming

Analytics engine 
for large-scale 
data processing.
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Conclusions
● EventIndex is the Catalogue of All 

the ATLAS Events.
● It uses BigData technologies to 

handle hundreds of billions of event 
records.

● It continues evolving using state of 
the art technologies.

● IFIC plays a key role in most of its  
components.



Thank you!

Questions?



Back-up
Slides
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Inside Trigger Counter

Form Progress ResultForm OK?
Exp OK? Done?

Yes Yes

No No

Submit Progress Result

Front-end

Back-end

http://flask.pocoo.org/
https://hadoop.apache.org/docs/r1.2.1/mapred_tutorial.html
https://www.sqlalchemy.org/
https://www.sqlite.org/index.html
https://jquery.com/
https://foundation.zurb.com/
https://www.json.org/index.html
https://www.java.com/
https://www.python.org/
https://plot.ly/
https://www.javascript.com/
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MapReduce

Ev 3:

T1: 1
T2: 1
T3: 1
T4: 1
T1: 1
T3: 1
T5: 1

Ev 4:

T1: 1
T2: 1
T6: 1
T1: 1
T3: 1
T4: 1
T6: 1

T1: 2
T2: 1
T3: 2
T4: 1
T5: 1

T1: 2
T2: 1
T3: 1
T4: 1
T6: 2

Map [Combine] Shuffle
& Sort

T1: 2
T1: 2

T2: 1
T2: 1

T3: 2
T3: 1

T4: 1
T4: 1

T5: 1

T6: 2

Reduce

T1: 4
T2: 2
T3: 3
T4: 2
T5: 1
T6: 2

Sequence
or

Map File

Eval exp
Group...

Eval exp
Group...

T1, T2, T3, T4
Ev 1:

T1, T3, T5
Ev 2:

T1, T2, T6

Split

Sequence File

T1, T3, T4, T6
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Example: Sum Values per Suit
Map [Combine] Shuffle

& Sort

   : 14
   :  6

  : 11
  : 10

  : 11
  : 6

  : 11
  : 16

Reduce

: 20
: 21
: 17
: 27

Sequence
or

Map File

Ev 1:

Split

Sequence File
: 11
: 11
: 3
: 11
: 11

: 10
: 6
: 6
: 10
: 6

: 14
: 11
: 11
: 11

: 10
: 6
: 16
: 6
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