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In the original planning, the older history would have been
covered by Chris Jones, who sadly cannot join us

As a result, the view will be more slanted to my shorter and

LHC view than might have been — not from the Dawn of
Time.

* |t’s long enough though — from an age (1983) when punched
cards were still being used - though only for writing notes!

= Not entirely inappropriate — ATLAS computing is one of the
bigger contributions Norman has made

» And LHC computing planning started soon after

Thanks to those who, knowingly or otherwise, contributed
to this talk

= Notable names include Jim Shank, David Rouseau, Alistair
Hart of Cray, Roger Goff of Dell, Neil Geddes and Norman
himself

Roger Jones Lancaster University



. The interface on the desk was a VT100, if you were
=" lucky
= More likely you had a line-mode editor and anything

vaguely graphical used something specialized like a |
Tektronix terminal

k Memorex full-screen terminals seemed like the Space
Age and Megatek 3-d displays for UA1 etc seemed
like magic

. Now we can do all that, and store a full LEP §
experiment dataset on a laptop!
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- Perhaps more significantly, where computing is done
kept changing
= In the mid-1980s, ‘big’ experiments processed their
data at the accelerator lab

= This model lasted until into Run Il of the Tevatron

= Small experiments took their data away to be
processed

= On WA21, | had the whole data set on <10 round
tapes, and did all the processing in Birmingham on
an IBM mainframe and 370E emulators

g Experiment analysis was starting to be distributed,
but usually to only a few large centres

: What changed?
= The size and distribution of the collaborations
= The volume of data
* The politics of funding — people like to spend locally
- Leverage from countries & from universities

Roger Jones Lancaster University
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= E.g.LEP

» Distributed Monte Carlo generation

= |nitially tape and then network data
transfer

= HERA

* Funnel — remote event processing

= BaBar

* Planned a much more distributed model
based on regional centres
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5.6 Offline Computing Requirements

and Monte Carlo) is estimated to be several hundred
In the short term (i.e. in the preparation of the | Tbytes/year. A hierarchical system of data storage
technical proposal) we will intensify our Monte Carlo ‘=mmd=seoens=iosssontic
studies in order to approach a final detector design.  The computing power needed for first-pass recon-
We estimate that the computing time required at struction at LHC is estimated to be three orders of
CERN will be of the order of 500 000 hours (CERN magnitude larger than that available on currently in-

units) of which 90% can be on the CSF farm with the Stalled online reconstruction farms. In 1999 it can
remaining 10% on the IBM. be expected that the increase of computing power of

The processors will compensate for a good part of higher
further demand, such that a system of about 100 processors

and a bu =

Most analysis and program development will be

tion and nirnd o at [“Jone on clusters of workstations. In an experi-
CEB.N in providing library packages and in coordi- | . ih ore than 1000 physicists, a few hun-
nating the software development. dred workstations will be installed at CERN and in

In th? long term, the requiremcnt:s for data storage, | the other laboratories. The necessary infrastructure
computing power and complfttng infrastructure will | (file servers, high-speed networking, and manpower
exceed those of current experiments by several orders | for system management) will have to be provided.

Table 9.2: Preliminary cost estimates (in MCHF)
Detector subsystem Material cost Material cost | Total subsystem
(baseline or baseline option) mechanics or system | electronics material cost
Inner detector 74
- SITV 15.0 10.0
- GaAs 1.5 1.5
- SIT 9.5 9.5
1 . N A oa9n | sNnNn i J




= Much progress through the 1990’s
= Better understanding of the requirements
= Better understanding of the opportunities
= MONARC project
= Scale of the problem much bigger than
originally thought
= Scale of the requirements

= Costs
= Impact on National budgets
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= Timely vision from Foster and Kesselmann in 1998
Highlighted a range of opportunities and
technological developments in distributed
computing, and how these could increasingly

be exploited in large scale scientific

“fundamentally change the way we think about — and use —
computing’



The LHC Computing Review

(Executive Summary - the LHC computing model)

1. review accepts scale of resource requirements of e;n;_\-u

2. recomss— C d'\S"'r'ibUted
costs of initial seT-tP ofie 240 MCHF
10. hardware ¢ (Tier-0 t0 -2)
nire bout 1/3 of total

computer ce

3. GRID TCChﬂOIOgY to be used (efficient resource usage, rapid 'rur'naroun[d:)]

4. need well-supported Research Networking of 1.5-3 Gbps
for each experiment) at affordable costs, by 2006. LI

S. Bethke LHCC, March 21, 2001




Politicians and
Technology Plus ca change?
COMMErCe Saw i 50t saved our bacon
: New Economy
the pOtentIaI Forget the Web, Make Way for t
... and money
appeared

"‘*“"“1“"“""" Deutsche Bank

n conjunction with the
Dautache Dank Gizbial Tech rology Tean




e Grid Vision

Users not concerned with with location of

their files or CPUs A
« Partially achieved, though largely Q\\c?@x\"‘
within the experiments '@&c\‘

Users have seamless transparent access to §

Unifoarr
global resources. $o l:?%g(ggsrzy
- Seamless? No, but workable =
. . . Coltaboration Information
Integration crosses organizational and Romaio L Service
boundaries. :
« Up to a point — the UK does this better
than most ‘%,&
e
©
. . D
Coordinated resources not subject to &
centralized control e ST
« Hmm - I'm not sure the experiment - ST 4 4
operations would agree Switches . Rouers

'?A - -y
.'L. = Ty

~

Using standard, open, general purpose
protocols and interfaces
« Let’'s not over-egg it....
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ructure prOJects
Now evolved |nto the European Grld mfrastructu‘re

Objectives
3 Large-scale, production-quality
grid infrastructure for e-Science
: Attracting new resources and
users from industry as well as
science
. Maintain and further improve
Grid middleware
5 Now evolved into European Grid Infrastructure
1 40 NGis, 2 EIROs (CERN, EBI), 8 partners in Asia

T

Worldwide LHC Computing Grid Il

3 Union set of EGEE/EGI with US Open Science Grid
Nordic Grid Federation etc :
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: To get a realistic design, the 4 experiments carried out

major data challenges in 2004

LHCC Review - 22 Nov. 2004
ATLAS: DC2 (1)

-

LCG

LHCC Review - 22 Nov. 2004

CMS: DCO4 (1)

DC2 is a three-pal
= part I: producti

> running on
®  part IT: test of

Focused on organized (CMS-managed)

» Doin10da b LHCC Review - 22 Nov. 2004
taking start Functional DST with streams for Physi___r . eview o
» Inputis "Re = DST size ok, almost usable by “all” <:tnc1)'.l'c"= ALICE: PDCO4 (1)
- ;::P::oﬁ:’s: e Tier-0 farm reconstruction =
= part III: test o = 500 CPU. Ran at 25Hz. Reconstruction o ot and validate the ALICE Offline computing model:

LHCC Review - 22 Nov. 2004

LHCb: DCO4 (1)

> accesstoer © Tier-O Buffer Management and Distrit m  Produce and analyse ~10% of the data sample collected in a standard data-
both in orgc = TMDB: a CMS-built Agent system comi taking year _I....
e Requests ®  Manages dynamic dataset “state”, not m  Use the entire ALICE off-line framework: Al LCG
= ~30Physicscha o Tiep-1 Mancged Import of Selected D¢ m  Experiment with Grid enabled distributed cos.__.

= Several millions
physics samples

= Triple purpose: test of the middleware, the
the produced data for the Alice PPR
e Three phases
m  Phase I - Distributed production of underlyin
centralities (impact parameters) and of p+p e
Phase II - Distributed production mixing dif{
underlying Pb+Pb events (reused several time
m  Phase III - Distributed analysis
e Principles:
®  True GRID data production and analysis: all j
AliEn for access and control of native comput
interface, the LCG resources
m  Inphase ITI GLite+ARDA

Dario Barberis: Data Challer

= TMDB system worked.

e Tier-2 Managed Import of Selected D
m  Meta-data based selection ok. Local Ti

e Real-Time analysis access at Tier-1 anc
m  Achieved 20 minute latency from Tier .

Tier-1and Tier-2

e Catalog Services, Replica Management

m  Significant performance problems four

Gather information for LHCb Computing TDR
Physics Goals:
m  HLT studies, consolidating efficiencies.

m  B/S studies, consolidate background estimates + background
properties.

Requires quantitative increase in number of signal and
background events:

= 30 106 signal events (~80 physics channels).

m 15 10° specific backgrounds.

m 125 104 background (B inclusive + min. bias, 1:1.8).

Split DC'04 in 3 Phases:

m  Production: MC simulation (done).

= Stripping: Event pre-selection (to start soon).

m  Analysis (in preparation).

Dario Barberis: Data Challenges
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e.g. DCO4 (ALICE, CMS, LHCb)/DC2
— = (ATLAS) in 2004 saw first full chain
2004 of computing models on grids

Independent Experiment Data Challenges

h 4

SC1 Basic transfer rates

Service Challenges proposed in 2004

To demonstrate service aspects: ]
-Data transfers for weeks on end 2005 SC2 Basic transfer rates
-Data management

-Scaling of job workloads
-Security incidents (“fire drills”)
-Interoperability

SC3 Sustained rates, data
management, service reliability

-Support processes 2006

SC4 Nominal LHC rates, disk=>
tape tests, all Tier 1s, some Tier 2s

2007

* Focus on real and continuous
production use of the service over
several years (simulations since 2003,

. 2008 CCRC’08 Readiness challenge, all
cosmic ray data, etc.)

5 ’ experiments, ~full computing
g » Data and Service challenges to models

§ exercise all aspects of the service — not

2 just for data transfers, but workloads, 2009 STEP’09 Scale challenge, all

% support structures etc. experiments, full computing
E

models, tape recall + analysis

20100

-3




Ready by: 20()8 Sadly, the LHC was not

GGG

Enabling Grids
for E-sciencE

Archeology

Astronomy

Astrophysics

Civil Protection‘

Comp. Chemistry

Earth Sciences

Finante

Fusion . s Fay {f 2

Geophysics | R - ! . & /48 countries
High Energy Physics 4 - S | 50,000 CPUs
Life Sciences | : WA >20 PetaBytes
Multimedia >10,000 users
Material Sciences >150 VOs

>150,000 jobs/day

Grid~FP

UK Computing for Particle Physics

Introduction to Grids and the EGEE p1>ject




Candidate
Collision Event

g

&EATLAS

EXPERIMENT

i 1y N
i, | am t T : & 2009-11-23, 14:22 CET
ioa ) « wu e I . Run 140541, Event 171897

T
¥
/
,f
=40 ,f’;'A i 0 LA 20n\t\ %40 \.\, 2 ‘

:E';E;;.‘AHA.‘.: 'lllIIIbHArlll|||||||||||||||;|.|»||n|n||||||'1||||\}\ a LHCbEVentDiSplay

> DE Jets
v @8 Tracks

23.11.2009 17:59:29
Run 62558 Event 278

» EE Muons

» [@E Electrons

> Em Verices

» EIE DT-segments

[ siStipClusters =)+




Worldwide LHC Computing Grid

==

Site reliability averages over 3,6,12
months (ordered by most recent
performance)
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“#5%. Use remains consistently
S high:

>1 M jobs/day;
~150k CPU
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H LHCb
CMS
ATLAS

N ALICE

May-10  Jun-10

As well as LHC data, large
simulation productions always

ongoing

Dec-10 Jan-11 Feb-11 Mar-11

Jobs run / month

1M jobs/glg,yv/\f
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At the end of 2010 we
saw all Tier 1 and Tier 2
job slots being filled

Large numbers of
analysis users:
=ATLAS, CMS ~800
= HCb,ALICE ~250

CPU usage now >> double
that of mid-2010 (inset
shows build up over
previous years)




* Data transfers (mostly!) at rates anticipated
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Rutherford Appleton Laboratory
UK Tier-1 official opening

GridP Conclusion ﬁ

OIS UK Computing for Pacticta Physics.

GridPP ——

UK Computing for Particle Physics hitp://atias. web.cem.ch/Atlas/public/EVTDISPLAY/events.html

Providing the UK Grid
for Particle Physics | e—

GRIDPP ! TION OF —
20 UK L dfcaa. ) RESEARCH L p s

INSTITL | \GETHER WITH CERN.

GridPP fs t c > the Large Hadron Collider (LHC)
Computing A e behind the international
developm « with particle physicists worldwide
to deliv \ urces needed by the experiments and:
scler’ ”

T f.. rdisciplines our aim is to:
& of at least 10,000 PCs in the UK
4ed to successfully process the
»m the LHC experiments
5 in the UK to ensure that
they need and want

GridPP

wogy r e Councll UK Computing for Particle Physics

pp.ac.uk o "oviding the UK Grid
)r Particle Physics

P IS A COLLABORATION OF
2K UNIVERSITIES AND RESEARCH
UTES, WORKING TOGETHER WITH CERN

PP 15 the UK's contribution to the Large Hadr
(omputing Grid, the driving force behind

e LHC and other disciphines our aim & 9



HHE J‘}am 100 200

To/from CERN:
Up to 10Gb/s

To/from SuperJanet5:
Up to 10Gb/s

~10000 cores
« ~8PB disk storage

« ~1.7PB tape storage
« ~450kW power
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UK Computing for Particle Physics
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: This requires a health warning, guided by the past

= All projections get it wrong:

- LEP resource projections were wrong by an order
of magnitude!

- And recall those early LHC planning papers

= What can be done is driven by the technology, which is
uncertain even 4 years out

Roger Jones Lancaster University



yhexdistributed rutre!

2 Grid=>Cloud
= After moving away from big central facilities, the
commercial clouds are trying to move things back
o Their price models make no sense for our work
- But the zeitgeist is with them

= What we can do is use the technologies (virtualization)
to realize the Grid objectives more fully

= And create academic ‘clouds’ that have the right
resonance at politician and University House level




: Network has continued to improve in most territories

= So we can place more data on demand and make better
use of resources

__ o But the number of user copies is driven by access
& requirements, not safe storage; so storage
requirements may not drop

% - Can use this to move the burden of storage and
make better use of CPU resources

» The UK has particular issues — because we have many
good, large facilities, and JANET works well, we do not
fit well into the LHCONE view of the world.

3 Architectures

= Architectures are changing: co-processing, many-core
(of which more in a bit)

| 4 = The distributed systems need to evolve to handle this
(e.g. whole-node scheduling rather than core-by-core)
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User demands

= Triggers reject physics — increasing pressure to

increase trigger rates, which increases the pressure on
offline resources

= And as datasets grow, user analysis rates look
challenging

= [t would be a shame to force the users to throw away
data if we can help it.

7 Resources

= We have a very large human operation to run the
computing (which is still not acknowledged on a par
with subdetectors). Is this sustainable?

= No-one can have missed the financial and exchange
rate issues — there are opportunities but big threats too
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....0Or what did you do in the Language Wars, daddy?

: Back in the 1980s, FORTRAN was the only realistic
language for reconstruction, simulation and analysis

: In the 1990s, you could still make the joke...

g | don’t know what the language we will use in 20 years
time will be, but it will be called FORTRAN

8 But by the late 1990s, the joke sounded hollow
= The cost of compilers

* The training of students (the world did not want
FORTRAN coders)

g And other arguments
= Code reuse
= Better code design
= Better code readability

Roger Jones Lancaster University



- BaBar was probably the first to adopt

=  Ah, but which OO language?
= Eifel had a strong group in ATLAS.
- (MOOSE group still dines out!)
= C++ was the big commercial favorite

= But the new semi-compiled, semi-interpreted JAVA was
better for the purists

* And then there were the FORTRAN95/2000 fans
L One of Norman’s big headaches was to sort this out

in ATLAS
= And in true diplomatic style the answer was... R e e ton SN
= ...C++ or Fortran or Java -
= (But C++ really) ggy A \_«
= ATLAS today: 4M lines C++ e R
- 1.4M lines Python AH@iiFNVEJHéTL:{f{ Touek Gr sAgel
- 0.1M F/F90, 0.1M Java HHTELTLRAL G

Roger Jones Lancaster University



Actually, we have put so much effort into the

distributed computing, there is a worry the software is
a poor relation

ATLAS has

2000 packages
1000 developers over 3 years

But 305 developers in the last 6 months making 25
changes a day

High turn-over in developer community, and broad
range of skill level

Rate of development does not decrease, many
branches

Big challenges with integration — few integrators linking
large developer and user communities

Roger Jones Lancaster University
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Intel MIC architecture:

fihersofitware’ Euture:

There are many challenges facing the LHC community

VECTOR VECTOR VECTOR
1A CORE IACORE  ,,, | IACORE

INTERPROCESSOR NETWORK

COHERENT COHERENT COHERENT
CACHE CACHE e CACHE

COHERENT COHERENT COHERENT
CACHE CACHE i CACHE

INTERPROCESSOR NETWORK

VECTOR VECTOR VECTOR
1A CORE IACORE .. | IAcORE

Knights Ferry
Knights Corner

VECTOR
IA CORE

COHERENT
CACHE

COHERENT
CACHE

VECTOR
|A CORE

Increasing pile-up with increasing luminosity
» Upgrades envisage ~200-500 interactions per read-out

Architectural changes
* From multi-core to many-core
- Coarse-grained parallelism does not scale

- Tricks to share memory between concurrent
processes being used, but have limits at about 32
cores

- Deeper parallelism required in our algorithms?
= Co-processors (or more likely GPU onboard)

- Efficient usage requires vector applications and
local data to be identified and passed over

= Compilers may give us a magic bullet, but work will be
needed

MEMORY and I/O INTERFACES

Roger Jones Lancaster University
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CUDA developed for NViDia GPUs, but has general
applicabaility

= Developing rapidly
OpenCL designed as an open standard, working for
many-core and GPU

= Slower development as a result?

But we have a huge code-base and we cannot retrain
a whole developer community

Can we just hope for the compiler or libraries to abstract the
accelerator?

Roger Jones Lancaster University



BACK: 'mwura?

An interesting observation from lan Hart, Cray

i OpenMP is already established and allows relatively
inexperienced users to get almost all the benefit you
would get from an OpenCL/CUDA rewrite with the use
of simple pragmas etc

m Supported as native in MIC architectures

. The catch:
= You really want a nice, sequential language to do this...
= Like Fortran!

: So, to be wicked, maybe the joke should have been:

“l don’t know what we call the language we use in 20
years time, but it will probably be a lot like Fortran”

Roger Jones Lancaster University




At the end of 2010 LHCC made the following statement:

“The committee is impressed and pleased to see that the WLCG and
the experiments' computing models are successfully processing and
analysing the first LHC physics data without any major problems.
This is the result of many years of careful planning and investment,
and the hard work of a great many people. We send our

congratulations to all the staff involved, at CERN and the many
computer centres around the world.”

And Norman was a big part of that success for ATLAS!

- GridPP




