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About the CERN IT Department
• Enable the laboratory to fulfill its mission

• Main data centre on Meyrin site (2/3)

• Wigner data centre in Budapest (since 2013 – 1/3)

• Connected via three dedicated 100Gbs links

• Where possible, resources at both sites

(plus disaster recovery)
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Drone footage of the CERN CC

https://youtu.be/dMwP7nEuDGA


Computing Centre in numbers
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Services provided by IT department
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CERN IT & Industry 4.0
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CERN IT & Big Data
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Big Data on Disk
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Tape Archive

5-10 GB/s

peak 100 GB/s

5-10 GB/s

O(GB/s)

LHC & Detectors

Raw Disk capacity : 270 PB

Files stored : 2.4 billion



CERNBox
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powered by



Big Data on Tape
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TSM backup:

• IBM

• 2 x TS3500

• 55 x TS1140

• 200 x JC, 12000 x JB

• 8 PB; ~2300 M files

• 18 x TSM 7.1.4 servers

CASTOR archive:

• IBM

• 1 x TS4500, 1 x TS3500

• 46 x TS1155

• 13000 x JD media (15 TB)

6000 x JC media (7 TB)

• Oracle

• 2 x SL8500 

• 20 x T10000D

• 10000 x T2 media (8 TB)

• 10 PB disk cache

• ~220 PB of data on tape

~50 PB of free space

• Over 12 PB of new data per month

• Peaks of up to 8 GB/s to tape

• Lifetime of data: infinite

WRITE

READ



Big Data in the LHC Grid (HEP cloud)
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40 countries

~170 sites

~500k CPU cores

~500 PB of storage 

> 2 million jobs/day

10-100 Gb links

CERN Tier-0 (Geneva & Budapest):

Data recording

Reconstruction

Distribution

Tier-1:

Permanent storage

Reprocessing

Analysis

Tier-2:

Simulation

End-user analysis

An international collaboration to distribute and analyse LHC data.

Integrates computer centres worldwide that provide computing and storage 

resource into a single infrastructure accessible by all LHC physicists.



Big Data on the Network
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Asia North America

South America

Europe

LHCOne: Overlay network that allows national network providers to manage HEP traffic on general purpose network.



Shift to (software) services
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CERN IT follows the trends

• Reusing existing (open source) tools instead of 

developing everything in house.
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• Resource provisioning (IaaS)

– Based on OpenStack running CentOS

– Decrease provisioning time

Increase resource efficiency

– Simplify infrastructure mgmt

Services shall be virtual

• Configuration Management

– Based on Puppet

– Profit from others’ work

– Speed up deployment

– ‘Automatic’ documentation

• Centralized Monitoring

– Based on Lemon (sensor) + ‘ELK’ stack

– Centralized monitoring

– Integrated alarm handling

3 core (Agile) Infrastructure areas
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OpenStack CPU Performance: NUMA

• The benchmarks on full-node 

VMs was about 20% lower than 

the one of the underlying host

• Investigated various tuning 

options

• NUMA-awareness identified as 

most efficient setting

• Full node VMs have ~3% 

overhead in HEP-Spec06

benchmark
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OpenStack in numbers
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Configuration Management
• Client / Server architecture  

– ‘agents’ running on hosts plus horizontally scalable ‘masters’

• Desired state of hosts described in ‘manifests’

– Simple, declarative language

– ‘resource’ basic unit for system modeling, e.g. package or 

service

• ‘agent’ discovers system state using ‘facter’

– Sends current system state to masters

• Master compiles data and manifests into ‘catalog’ 

– Agent applies catalog on the host
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Status: Config’ Management (1)
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(virtual and physical, private and public cloud)

(‘base’ is what every Puppet node gets)

(compilations are spread out)

(this number includes dev changes)

(number Puppet code committers)



Status: Config’ Management (2)
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Monitoring infrastructure
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Kafka cluster

(buffering) *

Processing

Data enrichment

Data aggregation

Batch Processing

Transport
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Metrics monitoring
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CERN IT & Industry 4.0
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Continuous integration
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Reusable Analysis
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Summary
• Physics experiments at CERN produce large volumes

of data

• CERN has performant IT infrastructure to:

– Store large quantities of data on disk and tape

– Analyze the data using private virtual cloud

– Distribute the data over worldwide LHC computing grid

• Using open source software solutions wherever

possible

– We submit upstream all usefull changes we implemented

• Same building blocks can be used for data gathering

and analysis by the Industry 4.0 processes
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