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An Early "Computer”

« Wim Klein

- Calculating the 73 St
root of a 500 digit T
number took less F

than 3 minutes
(1976)
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Bubble Chamber

- BEBC 1973-1984
- 6.3 million photos

« 3000 km of film
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Momentous Events

==& 1960: Vacuum tubes

1965: CDC 6600: #3




Mainframes

New Computer Centre for a New Computer
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1983: 2 CDCs and an IBM 3081




Super Computers
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1988: Cray XMP
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Farming in a Data Centre
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Networking

- Packet-switched network
« 1969 ARPANET

- US DOD sponsored research at US Universities

- /0s and 80s proliferation

US: NASA Science Net, CSnet, Energy Sciences
Net, NSFnet

« FR: CYCLADES
UK: Mark |, SERCnet
Commercial: Tymnet, CompuServ, BlITnet, DECnet

« Protocols: NCP, X.25, TCP/IP

CERnNet




Networking

- Science without borders
« Data exchange across the iron curtain

1988 first data connection between China and
scientific world — IHEP to CERN

- Truly international Internet
1989 first external TCP/IP connection
1990 principle link US-EU from CERN
. (1.5Mb/s)

1991 80% of the internet capacity installed in
Europe for international traffic was terminated at

CERN
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Vague but Exciting ...

CERN DDjOC 3 Tim Berners-Lee, CERN/DD
Information Management: A Propasal Maseeh 1989

Information Management: A Proposal

Abstract

This peoponal concerms e of geneeal info about and »”
CERN. It discusses the problems of 158 of infeanaticn about complex evolving systems and desives 3
woluson based on & datritated hypertext sytstem
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Growth of the Web

L ]
[ ] Al I 1 9 9 1 We l l t l I b I I ‘ The WorldWideWeb (W3) is a wide-area hypermedia information retrieval initiative aiming to give
universal access to a large universe of documents.
- Everything there is online about W3 is linked directly or indirectly to this document, including an executive
[ ] I l I I e rn e rS -— e e p O S e summary of the project, Mailing lists , Policy , November's W3 news , Frequently Asked Questions .
What's out there?

p rOj e Ct to a I t . h y p e rtext m!hc world's online information, subjects , W3 servers, etc.

on the browser you are using

newsgroup and other stz :
Alist of W3 project components and their current state. (¢.g. Line Mode ,X11 Viola , NeXTStep ,

Servers , Tools , Mail robot , Library )

L]
Internet groups s
Details of protocols, formats, program internals etc

Bibliography

Paper dc ion on W3 and
People

A list of some people involved in the project.
History

A summary of the history of the project.

How can I help ?
If you would like to support the web..

SLACVM SPIRES HEP Preprint Database R -

Perform search using standard SPIRES terms.

Get help for SPIRES

-« Dec 1991 First web server in US

- 1992 rapid expansion in HEP

« Universities and research institutes put up web
servers




Growth of the Web

" & File Edit Options Navigate Annotate Hotlist

=0 Welcome to Mosaic Communications Corporation!

§|@|’Q|ﬁ|w1mtm w] [ searen |[keyword |

Link : http :/ /home mcom.com /MCOMfindex2 html

WC

WORLDWIDE WEB
- 1993 rapld expansion across the world o

« National Center for Supercomputing
Applications (NCSA) at the University of
lllinois released its Mosaic browser
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The LHC Data Challenge

Level-1 Rate (H2)
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150 million sensors
Generating data 40 million times per second

-» Peta Bytes / sec !

L1 Trigger
Select 100,000 per second

=» Tera Bytes / sec !

HLT / Filter
Select 100 per second

=» Giga Bytes / sec !




Primary Storage

80,000 Disks
88,000 CPU Cores

18,000 1GB NICs
2,700 10GB NICs




Tier-0 Extension for CERN
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The Grid

Use the Grid to unite computing resources
of particle physics institutes around the
world




Grid at CERN

Alitn
T @GRID ~ \

r/l \\
ALICE

HTICond%r 0

High Throughput Computing

‘1 GlideinWMS

S “RINAC

In all cases the underlying distributed computin
architecture is similar based on “pilot” job mode

Can we scale these systems expected levels?




WLCG Grid model

Tier-2 sites
(about 140)

Tier-1 sites
10 Gbit/s links

>




Data Inflation

Static storage: raw and reconstructed data

Dynamic storage: analyzing it means transformation,
reduction, transportation, replication, regeneration




Data Reductlon / Analysis

L

L Researchers
Publication (T1-T3)
« Reduced
Analysis

Coordinators
(T1)

« Reconstructed

Production
Managers
(TO-T1)

- Raw




The Grid that Never Sleeps

1/1/2014.12:01:01.am ; ' " Running jobs: 223509 o

= 4 Transfer rate: 2.49 GiB/sec

‘Activity on 1 Januafy 2014
Running Jobs: 223509
Transfer rate: ~2.5 GiB/s
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Y US Dept of State Geographer
. . Google earth
dGShDOC]rd Data SIO, NOAA, U.S. Navy, NGA, GEBCO .
2 Tour Guide - 56°02'55.29" N 39°34'04.37" E eye alt 27557.33 km O
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Open Source Software

Intellectual Property
Restrictions, restrictions, ...
Public Domain
A vast common good

Use, enjoy, share and build upon
IP expired, forfeited or inapplicable




CMS Software

- Over 5 million lines of custom code

Developed over the last two decades

Over 1300 researches ranging from MSc students to
Nobel prize candidates

Small core of professional software engineers mostly
doing application framework, release integration and QA

Open source software (available on GitHub)

- Large working dataset

~12 PB of RAW data acquired in 2011-13, more than
double that if we count the processed via the WLCG
using 100 000 cores sparse over 5 continents

We expect a 2-3 order of magnitude increase in data
volume in the next 10 - 15 year




Users analysis (CRAB3)

- What is CRAB ?

CRAB: CMS Remote Analysis Builder.

In a few very generic words, CRAB is the
software & hardware infrastructure used by CMS
to submit jobs to the LHC Computing Grid.




Users analysis (CRAB3)

CRAB client CRAB server
submit '
status DBS data discovery
resubmit Job splitting
; Task bookkeeping N
kill
DBS AsyncStageOut Worker
""""""""""""" Transfer files nodes
Publication

Temporary

local storages
Storage site Site A SiteB ...

gﬁ DTOPbOX amazon  EC2  AAA (Any time, Any place, Any where)

webservices’
c®
\
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Who runs jobs on the Grid?

WMS
Collector

Glidein Factory |- -

. WM Agent ‘ VO Frontend } Factory Ads g .
<\ »] Glidein Factory |-.
. Workload Manager Agent T ﬁ RN “a
- CRAB3 [ Glidein Factory | ~--- -

Builder Gridlsite

‘__

- CMS Remote Analysis Schedd ’ |
®

Startd
crab-infrastructure aggregated ShadowsRunning last week VO Co"ector —
User job

- Volunteer Computing:
_ e . CMS@Home
locmsgwms-submitl e lcms:j;s-submiﬂ m .cms:’lvllB lcmsssu:v217 o Amazon CIOUd (EC2)

O cmssrv218 O cmssrv219 O cmssubmit-rl O crab3test-2
O crab3test-3 O crab3test-4 O crab3test-5 O crab3test-6
O crab3test-8 O crab3test-9 O hcc-crabserver O submit-6

O vocms 008 0O vocms009 O vocms 0224 @ vocms0230
H vocms0231 B vocms0304 M vocms0308 B vocms0309
B vocms0310 H vocms0311 B vocms040 B vocms053

@ vocms055 @ vocms056 E vocms065 @ vocms095

@ vocms096 @ vocms20

Avg Total: 66092.62 Current Total: 0.00
Avg Average: 1295.93 Current Average: 0.00
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Videoconference

- 250 meeting rooms of all sizes on site

. 90 equipped for video conference
- Legacy + VidyoPanorama
. 13 equipped for VC + Webcast
- 500 legacy endpoints worldwide
. Non centrally managed
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CERN'’s social media

a 975K

N 309K

I 92K

O 40K

@ ‘ f 20K

- 4 = 2012 W 12K
2011

2008-9




Impact

IMost Effective International
Organisations on Twitter

AVERAGE NUMBER OF RETWEETS PER TWEET

130 — 100 82 69 68
COO0000000 0000000000 0000000 coooooo 0000000
= &
@unicef @un @WWF @greenpeace
European United Nations United Nations World Wide Greenpeace
Organisation Children's Fund Organisation Fund for Nature
for Nuclear
Research
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Behind Open Science

Encoding
A

Ingestion
A

Streaming

KulaByte

Wowza Origin

\ Wowza Origin

l HD-SDI 1080@50Hz

1920x1080 (1500/1000 kb/s)
640x360 (600/300 kb/s)

l J

l ANALOG PAL 576 @50Hz

640x360 (900/600/300 kb/s)
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Wowza Edge

Wowza Edge

Wowza Edge

LimeLight CDN
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Global en
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Links (1)

- Contact:
« David.Abdurachmanov@cern.ch
« Justas.Balcas@cern.ch

- More information:

e« |T De/partment:
http://information-technology.web.cern.ch

« The LHC Grid: http://wlcg.web.cern.ch

« Google Street view in CC:

https://www.google.ch/maps/@46.232624,6.045747 ,3a,
75y,162.48h,90t/data=!3m5!1e1!3m3!
1sBU7JKhoaY_ H9JVPFHcH8JA!2e0!3e57?hl=en

http://lego-scavenger-hunt.web.cern.ch
« |T Archives: https://it-archives.web.cern.ch




Links (1)

- Social Media at CERN
http://twitter.com/CERN
nttp://twitter.com/CERN FR

« http://[facebook.com/cern
nttp://google.com/+CERN
http://youtube.com/CERN
nttp://linkedin.com/company/cern




Questions?
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