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physics data
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Documents

Physics data...

Sensor Data of Media data
technical installations Others
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European Organization for Nuclear Research

- Founded in 1954 (60 years ago!) £ /
* 21 Member States \/-J A
YEARS /ANS CERN

= ~ 3'360 Staff, fellows, students...

= ~ 10000 Scientists from
113 different countries

= Budget: 1 billion CHF/year

http://cern.ch

#strataconf  #hadoopworld Strata Hadoop

WORLD


http://cern.ch
http://cern.ch

From Physics to Industry
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ATLAS Alice
LHC
The worlds biggest machine

Generated 30 Petabytes in 2012
> 100 PB in total!

CMS LHCb
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LHC - Large Hadron Collider

27km ring of superconducting magnets

Started operation in 2010 with 3.5 + 3.5 TeV,
4+4TeVin2012

Since early 2013 in Long Shutdown 1
(machine upgrade)

Restart early 2015 at 6.5 + 6.5 TeV
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Some ATLAS facts

= 25m diameter, 46m length, 7°000 tons
= 100 million channels e S s
= 40MHz collision rate (~ 1 PB/s) . L

= Run 1: 300 Hz event rate after filtering ¢
= Run2:upto1kHz

Forward Calorimeters

End Cap Torold

#strataconf  #hadoopworld Strata Hadoop

WORLD



LHC

P Nq}fth Area

CN(/J?\

2006 Gran Sasso

_E@?FA’.‘?@
|
1
o BS
LINAC 2 4 CTl
ULr e-

LEIR

LINAC 3
lons

#strataconf  #hadoopworld Strata Hadoop

WORLD



Is Hadoop used for storing
the ~30 PB/year of physics data ?

No ;-( DON'T BE'SAD!

Experimental data are mainly stored on
tape

CERN uses Hadoop for storing the metadata
of the experimental data
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Physics Data Handling

= Run 1: 30 PB per year
demanding 100'000 processors
with peaks of 20 GB/s writing to tape
spread across 80 tape drives

= Run 2:>50 PB per year

Strata Hadoop
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Physics Data Handling

2013 already more than 100 PB stored In
total!

= >88PBon 55000 tapes

= >13 PBondisk

= > 150 PB free tape storage waiting for
Run 2

" CERN's tape robot
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Physics Data Handling

= Cost of tape storage is a lot less than
disk storage

= No electricity consumption when tapes
are not being accessed

= Tape storage size = Data + Copy
Hadoop storage size = Data + 2 Copies

= No requirement to have all recorded
physics data available within seconds

CERN'’s tap obot
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HBASE ©@ CERN
3 HBase Clusters

= CASTOR Cluster with ~10 servers
=~ 100 GB of Logs per day

= >108 TB of Logs in total me‘\' da‘\'a
= ATLAS Cluster with ~20 servers a descnbﬁ
- Event index Catalogue for e £ yomg 5 s M ™

,,-,‘{.,sru.’ref .nsru Une

experimental Data in the Grid tﬁﬁ)f

T(O
= Monitoring Cluster with ~10 servers n ’ aTa

= Log events from CERN Computer Center
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Metadata from physics event

Metadata are created upon recording of the physics event

Examples 1:
= Tape Storage event log me a a adescrbﬁ
= On which tape is my file stored? “”’enimes Syl 25 s deﬁg;htrnst rrmm.'

- Is there a copy on disk? e lJﬁ‘FU rﬂﬂﬁ
= List me all events for a given tape or drive

. | | hoﬁ) T
= Was the tape repacked? a a
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Example 1: Tape Storage event log

J CASTOR DLF x \&&

& c2adm01l.cern.ch/logviewer/file_id/16507¢ e’

Query : File ID == 1650701 ‘

Show | 10 E‘enmes Show / hide columns Search columns | Treat as rege E Search Reset

Showing 21 to 30 of 58 entries First || Previous | 1 || 2 [ 4 | 5 | Net | Last
Instance : Tape

Timestamp v S ame Daemon PID  TID Message text Request ID D Payload

Username=tapeops SchIass NSHOSTNAME=castorns
Fil Y13716/Y13716.32.al

1822031;3-0;4:?;85 Czrzzl’r:é’é?:401 stagerd 6296 6322 Request processed = Processmngme 0.020840 Groupname=c3 .
SUBREQID=fdaa6238-2258-346d-e043-9208100a9ddc
Type=StagePrepareToGetRequest
Classld=0 OwnerGid=1028 Gid=0 Cwd= Function=openx
ProcessingTime=0.008 ClientHost=c2repacksrv401.cern.ch
2014-09-21 c2repack . * = e - ©
1823:33.231082  c2repacksivA01 nsd 7093 7102 Processing complete - Username=root Mask=22 Flags=0 l.'lod_e»o Path=/castor/cern.ch/delphi
ftape/Y13716/Y13716.32.al OwnerUid=44410 Uid=0 Secure=No
NSHOSTNAME=castorns RtnCode=0
setFileRecalled: do AL Sa0Z:Coin Chet Ji08
2014-09-21 c2repack : 0396aa45-87dd- 1650701@castorns.2473192168 IP=137.138.222.144

tapegatewayd 0 6321 update;;ﬁ?;:;lg recall HostName=tpsrv219.cern.ch recallTime=6426642
P mountTransactionld=35463531 NSHOSTNAME=castorns Port=52026

checkRecalllnNS:

18:23:32.645303  c2repacksrv401

2014-09-21 c2repack nsd 0 6321 created missing checksumType=adler32 fseq=7168 checksumValue=1212814334
18:23:32.640482 c2repacksv401 checksum in the mountTransactionld=35463531 NSHOSTNAME=castorns copyNb=1
namespace
blockld=002A05D9 eGid= 1028 copyNb=1 nbMounts=0
19.cern.ch 0 fseq=7168
IP= 137 138.222.144 mountTransactionld=35463531 file Size=78136320
-09- forker:
o092 geback.  apegateways 6401 esp7  \Workerflelorecal - k63202 cern chisr 01/01
CeIepacs e fomevec rom /1650701@castorns 2473192168 fileTransactionld=2473192169
NSHOSTNAME=castorns creationTime=1404889970
tapebridgeTransld=3226 eUid=44410 Port=51591
Username=tapeops SvcClass= NSHOSTNAME=castorns
2014-07-09 > " Fi astor/cern.ch, i Y13716/Y13716.32.al
S (i =S stagerd 7439 7467 Request processed - ProcessingTime=0.028825 Groupname=c3

09:13:17.656325  c2repacksv301 SUBREQID=fdaa6238-2258-346d-2043-9208100a9ddc

Type=StagePrepareToGetRequest

RecallGroup=default RequestType=StagePrepareToGetRequest
~ NSHOSTNAME=castorns SUBREQID=fdaa6238-2258-346d-
S ©043-9208100a9ddc Fil Icern.ct Y13716

createRecallCandidate:
create new
MiarationJob to miarate

2adm01.cern.ch/logviewer/

ape_id/140840  stagerd 0 7464
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Example 1: Tape Storage event log

setFileMigrated:

IP=137.138.223.25 migrationTime=8379

m

db updates
2014-06-28 c2repack : = oA o o 2 _ S HostName=tpsrv689.cern.ch
/ cdb7403-1f4a-70ae-e043-a708 b1c2 52505 ;
02:47:59.230042 T corepacksiv4p1 \aPegatewayd 0 30405 rﬁ?;;‘l’c% L I WAL B S | Tzt mountTransactionld=31426158
completed NSHOSTNAME=castorns Port=47385
Compression=100 blockld=00867CB0 copyNb=2
_ ChecksumType=adler32 gid=1160 fseq=16433
023‘071_;;055?:2?47 Info czrgzr:é)kicwkém nsd 0 30405 Nﬁ]‘?gf;gaim db7403-1f43-702e-e043-2708100ab1c2 Repack=True NSHOSTNAME=castorns
LIS P SegmentSize=43699200 ChecksumValue=
creationTime=1030782952
N Instance : Message Tape
Timestamp  Severity  /SfHe Daemon PID  TID toxt Request ID s Payload

Page generated in 0.118740 sec.
Data fetched from HBase in 0.115751 sec.
Estimated size of the full data set : 6048Bytes

rst Previous ‘j 2 3

Next Last
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Metadata from physics event

Metadata are created upon recording of the physics event

Examples 2:
= Information about me a a a
descnbﬁ
= Event number o 3 e 45 defons ﬁ’aikmu'

n--ldu.;l"-".‘(‘f

. b 2k ___,.”:.,.'.- o one -
. ey o ’a Y

= luminosity block number
= trigger that selected the event, etc.
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Example 2: ATLAS Eventindex catalogue

Prototype of an event-level metadata catalogue for all ATLAS events

= In 2011 and 2012, ATLAS produced 2 billion real events and 4 billion simulated events
= Migration from former solution by the end of this year

STOMP . Messaging . JSON » El buffer . HDFS
BROKER Module decoding writer

ol B El2 E3  ELN
S . IS El2 EI3 ELN

HDFS
Data are read from the brokers, decoded and stored into Hadoop.
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Example 2: ATLAS Eventindex catalogue

The major use cases of the Eventindex project are:
= Event picking:

give me the reference (pointer) to "this" event in "that" format for a given processing cycle.
= Production consistency checks:
technical checks that processing cycles are complete (event counts match).

= Event service:
give me the references (pointers) for “this” list of events, or for the events satisfying given selection criteria

#strataconf  #hadoopworld Strata Hadoop

WORLD



A lot of ongoing research for treating Big Data

Big Data “at-rest”

Oracle DB + Hadoop + | 2> for advanced analytics
= {swirl}: Learn R, in R (http://swirlstats.com)

— In-Memory

Big Data “in-motion”

Complex Event Processing (CEP), e.qg. Esper _
In-Memory frameworks built on JCache (JSR-107)
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Speakers & Agenda

= In-Memory Data Management

Manish Devgan

Product Management

Software AG (Terracotta)
manish.devgan@softwareag.com
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Growth of Data

Transactions, Sensors, Logs, M2M, ..
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The value of real time
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Latency Matters




Uptime, SLAS, HA

A

/

\

Performance and Scale
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The Shift

- B

90% of Data in 90% of Data in In-
Disk-based Memory
Databases
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Steep drop in price Explosion in volume
of RAM and velocity of
data
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In-Memory Data Platforms

= Scale of NoSQL

= Low latency of In-Memory databases
= Reliability & Fault Tolerance

= Transactional Guarantees

Fast Big Data
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Tiered Storage

Latency Speed (TPS)

App Server App Server

— Micro-seconds 2,000,000+

Application Application

Process Memory

32GB-12TB

— Micro-seconds 1,000,00 Local BigMemory

Milli-seconds 100,000~
External Data Source w7
Seconds 1,000s (e.g., Database, Hadoop, Data Warehouse)
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Scale with data and processing needs

Scale Up Scale Up & Out Elastic Scale

Increase Data in Memory

Reduce Database Reliance
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HA, Extreme Resiliency

= Active Mirror

= No Single point of
failure

= Fast Restartable
Storage (SSD/Flash)
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Use cases

Influencing operations and decisions
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In-Memory Data Fabric: Operationalize Hadoop*

VE

ON

Al
BigMemory
TCP

" APPSERVER ) APP SERVER
e
RISK |
AAAAAAAA 1ION APPLICAT
BigMemory emo

(
| RIS
|
BlgM'mow -
TCP

/

Streaming insights into In-Memory Operational Store
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In-Memory Data Fabric: Streaming Analytics

TERRACOTTA .

s APAMA

High Speed resilient data access across shared time
windows
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Speakers & Agenda

Matthias Braeger
Software Engineer

CERN
matthias.braeger@cern.ch

= In-Memory @ CERN
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“E

_— Network and
Access Control Hardware Controls

Crogenics

!l!!}lll
il

T

Electricity

Safety Systems
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C2MON - CERN Control and Monitoring Platform

Allows the rapid implementation of high-performance C SRR
monitoring solutions

Modular and scalable at all layers

Optimized for High Availability & big data volume

Based on In-Memory solution C2MON DAQ API
“my DAQ™

Currently used by two big systems at CERN: TIM & DIAMON

http://cern.ch/c2mon
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Raw data filtering on DAQ layer

GIQO
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C2MON Server

Client ]

\

Authentication ][ commiriEe

Logging ][ Alarm ][ Rules ][ Benchmark ][ Video access

)
Cache ) \

T
(
-

Lifecycle -
N Y y In-Memory Store ; Defg'Stﬁnce
Configuration (JCache - JSR-107) e
DAQ ) = TERRACOTTA ( Cache
supervision DB access

K \ | bAain || DAQout | ) D,
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TIM - Technical Infrastructure Monitoring

= Operational since 2005

= Used to monitor and control infrastructure at CERN
= 24/7 service

= ~ 100 different main users at CERN

= Since Jan. 2012 based on
new server architecture with C2MON

CERN Control Center at LHC startup
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—
Alarm Console Access -Video Viewer
\_ Management )
> 120k data sensors TIM > 1200 commands
> 41 k a|aI’mS (Business Layer) > 1300 bUSIﬂESS I’U|ES
/

NS, =
Cooling Safety Systems

Network and
Hardware Controls
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_Client Tier

Alarm Console  Data Analysis ~ TIM Viewer

Access deeo T
\_ Management e0 TR -
> 120k data sensors TIM > 1200 commands
> 4] k a|aI’mS (Business Layer) > 1300 bUSIﬂESS rUIeS

4 Data Acquisition & Filtering I

ca. 400 million —Fitering 3 ca.1.5 million updates

raw data per day
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Scenario 1: High availability

moderate data size [ C2MON client } - - [ C2MON client } ----[ C2MON client |
average throughput ~~~ —7— A
min service interrupts . [ JMSbroker | [  JMSbroker |

high availability

EI ( JMS broker ) Clustered JMS brokers ( JMS broker ) E
[ DAQ process } ——————— { DAQ process ] [ DAQ process } ———————— { DAQ process ]
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Scenario 2: High requirements

| C2MON client |----[ C2MON client |

| C2MON client }----[ C2MON client |

large data set

high throughput

min service interrupts
high availability

[ JMS broker
cluster

oo |

[ «" TERRACOTTA J
server array

JMS broker ]
cluster

C2MON SERVER C2MON SERVER

\ A
JMS broker | JMS broker
cluster cluster
| DAQprocess | ------ | DAQ process | | DAQprocess |-------- [ DAQ process |
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C2MON Roadmap

= Offering C2MON to the Open Source community http://cern.
ch/c2mon

= Introduction of Complex Event Processing (CEP) module

= Providing NoSQL log storage solution for
high data throughput scenario
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Takeaways

= Data and High Availability services are more important than ever
before for all modern organizations.

= Deriving value from collected data is key to success.

= In-Memory platforms are essential for high value & high velocity
data storage and processing.
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Credits & References

Many thanks to CERN & Software AG:

Sebastien Ponce (CERN), for providing information about CASTOR

Rainer Toebbicke (CERN), for providing information about CERN HBASE service

Jan Iven (CERN), for being helpful finding information about existing CERN Hadoop projects
Software AG/Terracotta Product & Engineering Team

References:

- C2MON: http://cern.ch/c2mon

- The ATLAS Eventindex: https://cds.cern.ch/record/1690609

- Aqile Infrastructure at CERN - Moving 9'000 Servers into a Private Cloud, Helge Meinhard (CERN): http://vimeo.
com/93247922

- CRAN, The Comprehensive R Archive Network: htip://cran.r-project.org

- Software AG Terracotta: http://www.terracotta.org
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Related Information

Office Hours with Manish Devgan Follow up questions m
(In-Memory Data Management & Computing) = Software AG Booth #458

5:05pm Thursday, 10/16/2014, Location: Table D

Technology landscape for in-memory data
management platforms

Convergence of In-Memory, NoSQL, Hadoop, and
other “Big Data” solutions

Real-world deployments and use cases leveraging
In-Memory Data Management
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Questions?

Thank you for coming!
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