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Πιαλν ηεο νκηιηαο

Η ρξεζε ησλ Υπνινγηζησλ

Αλαθαηαζθεπε (reconstruction)

Ακεζσο (online) ή αξγνηεξα (off-line)

Πξνζνκνησζε (simulation)

Αλαιπζε δεδνκελσλ (data analysis)

Μεγεζε θαη ην GRID

Υπνινγηζηηθεο αλαγθεο θαη ... GRID

Οκνησηεηεο κε αιιεο “εθαξκνγεο”



Ανακατασκευη

Μια γρηγορη εισαγωγη
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Τι ειναι η ανακατασκευη?

 Οη κεηξεζεηο εηλαη ζαλ ελαο 
γξηθνο
Τη ηξνρηεο ηηο πξνθαιεζαλ?

 Καζε κεηξεζε ζεζεο  βνεζαεη
Υπαξρνπλ  νκσο 100-αδεο  σο 

ρηιηαδεο κεηξεζεηο

 Η αλαθαηαζθεπε πξεπεη λα 
βξεη ηε ιπζε!
Ξεξνληαο θαια ην καγλεηηθν 

πεδην
Βξηζθνπκε πνηεο κεηξεζεηο αλνηθνπλ 

ζε πνηεο ηξνρηεο



Ανακαηαζκεςη 

ζηην ππαξη

• Αξρηδεη κε ηηο ζεζεηο 

δηαβαζεο ησλ ζσκαηηδησλ  
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Μαγνηηικο

Πεδιο

Β



Ανακαηαζκεςη 

ζηην ππαξη

• Αξρηδεη κε ηηο ζεζεηο 

δηαβαζεο ησλ ζσκαηηδησλ

• Γσθηκαδνληαη δηαθνξνη 

ζπλδηαζκνη

• θαη ππνινγηδεηαη ε 

δηαθνξα κεηξεζεο-

πξνβιεςεο

•Καη εηζη πηζαλνηεηα ηνπ 

θαζε ζπλδηαζκνπ

•
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Μαγνηηικο

Πεδιο

Β

Αλγοριθμοι

Φιληρο Καλμαν

(Kalman filter)



Ανακαηαζκεςη: 
αποηελεζμα 
•Αξρηδεη κε ηηο ζεζεηο 

δηαβαζεο ησλ ζσκαηηδησλ

• Γσθηκαδνληαη δηαθνξνη 

ζπλδηαζκνη

• θαη ππνινγηδεηαη ε 

δηαθνξα κεηξεζεο-

πξνβιεςεο

•Καη εηζη πηζαλνηεηα ηνπ 

θαζε ζπλδηαζκνπ

•Τειηθα ερνπλ βξεζεη νιεο 

νη ηξνρηεο

• ή «ζηα γξεγνξα» απηεο 

κε κεγαιε νξκε- νη 

θπξηεο ηξνρηεο 
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Μαγνηηικο

Πεδιο

Β

P= 7.5 GeV/c

P= 11 GeV/c

P= 22 GeV/c
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Atlas : Physics Signatures and Event 
Rates

 Οι δεζμες θα διαζηασρομομηαι με 
ρσθμο 40 MHz

 inelastic = 80 mb
 Σε καθε περαζμα πολλες 

ζσγκροσζεις (μεζη ηιμη ~ 25)
 109 ζσγκροσζεις ηο δεσηερολεπηο

 Διαθορεηικοι ζηοτοι, ο καθεμας με 
ηη δικια ηοσ «σπογραθη»
 Το Φιγκς (Higgs) μεζομιο
 Υπερζσμμεηρια (Supersymmetry)
 Το αγμωζηο
 Οι ζσμμεηριες ζηα Β μεζομια

 Τα εμδιαθερομηα ζσμβαμηα ειμαι 
καρθιηζες ζηα ατσρα ζε εμα τωριο 
γιομαηο ζηαβλοσς (~ 1 in 105 - 109 )



Πξνζνκνησζε θαη Αληρλεπηεο

Τη εηλαη ε πξνζνκνησζε

Γηαηη ππαξρεη

Πσο γηλεηαη
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Οη ζεκεξηλνη αληρλεπηεο

Πνιια ηκεκαηα

Γηαθνξεηηθεο αλαγθεο

Μεηξεζε ζεζεο  (ηξαθεξ - trackers)

Μεηξεζε ελεξγεηαο (ζεξκηδνκεηξα)

Λνγσ ηεο πνιπ-πινθνηεηαο 

νη πην πνιιεο κειεηεο 

ρξεηαδνληαη πνιια ππνινγηζηηθα 

εξγαιεηα
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Οι ανιχνευτες του ΑΤΛΑΣ
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Τη εηλαη πξνζνκνηζε?

Φηηαρλνπκε κνληεια

Τνπ αληρλεπηε

Γεσκεηξηα

Υιηθα

Τσλ αιιειεπηδξαζεσλ

Καζε γλσζηνπ ηππνπ

• Ηιεθηξνκαγλεηηθνπ

• Υζρεξνπ ππξεληθνπ

Silicon

Tracker

ζζσνολο = Σ ζθαινομενοσ
2.5 MeV e-

ηλεκηρονιο

300 μ
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Γεσκεηξηα ελνο αληρλεπηε

EM 
Calorimeter
Crystal

Tracker
Precision

Drift 
Chamber

BABAR 

(SLAC, US)
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Τα ‘θερμιδομεηρα’

Ο ΑΤΛΑΣ: ηεραζηιος και πολσπλοκος
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Βαζηθέο Αιιειεπηδξαζεηο

 Οη δηαθνξεο αιιειεπίδξαζεο ηνπ ζσκαηηδίνπ κε
ην πιηθό (ηκεκα ηνπ αληρλεπηή ε αιιν)

παξαγσγή δεπηεξεπνληνο ζσκαηηδηνπ

Ινληηζκόο

Bremstrahlung

p

e-

p

e-
p
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Δλα απιν παξαδεηγκα

 Σην κνιπβδν 
παξαγνληαη πην πνιια 
δεπηεξεπνληα 
ζσκαηηδηα,
 αιια δελ παλε καθξηα

 Τν δηνμεηδην ηνπ 
αλζξαθα, ζαλ αεξην, ερεη 
κηθξε ππθλνηεηα
Οζα ζσκαηηδηα θηαλνπλ ε 

παξαγσληαη, παλε καθξηα 

Παξαγνληαη ιηγνηεξα
Pb CO2 Pb CO2

GEANT 3
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Γηαηη πξνζνκνησζε ?

Γηα λα ζρεδηαζνπκε 
ηνπο αληρλεπηεο

Γηα λα εηνηκαζνπκε 
ηηο κεζνδνπο 
αλαθαηαζθεπεο

Γηα λα θαηαιαβνπ-κε 
ηνλ αληρλεπηε
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Υπαξρεη απιε ιπζε ? 

Αξθεη ε κεζε ηηκε ηεο απνζεζεο ελεξγεηαο (π.ρ.) 

?

Γηα κεξηθεο απιεο εξεπλεο, Ναη

Γηα πνιιεο (ηηο πεξηζνηεξεο) ρξεηαδεηαη νιε ε εηθνλα

Υπαξρεη θαηαλνκή ηηκσλ

• Πνπ δελ εηλαη παληα ζπκκεηξηθε ε απιε

• Οη νπξεο ησλ θαηαλνκσλ κπνξνπλ λα παημνπλ κεγαιν ξνιν

Με πνην ζθαικα μεξεηε ηελ ηαδε ελεξγεηα?



Αναλυση δεδομενων
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Ιεραρτεια Δεδομεμωμ (Data)

RAW Detector digitisation

109 events/yr * 2 MB =2 PB/yr

~2 MB/event

ESD
Pattern recognition information:

Clusters, track candidates 
~100 kB/event

AOD

Physical information:

Transverse momentum, 

Association of particles, jets, 

(best) id of particles,

~10 kB/event

TAG~1 kB/event
Relevant information 

for fast event selection

Οηη θαηεγξαςαλ νη 

αληρλεπηεο (DAQ)

Αλαζπγθξνηεζεζα 

πιεξνθνξηα

Σπκπεξαζκαηα 

γηα ηελ αλαιπζε

Classification 

information
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LCG

CERN

18%

All Tier-1s

39%

All Tier-2s

43%

CERN

12%

All Tier-1s

55%

All Tier-2s

33%
CERN

34%

All Tier-1s

66%

CPU Disk Tape

Summary of Computing Resource Requirements
All experiments - 2008

From LCG TDR - June 2005

CERN All Tier-1s All Tier-2s Total

CPU (MSPECint2000s) 25 56 61 142

Disk (PetaBytes) 7 31 19 57

Tape (PetaBytes) 18 35 53

Distribution of Computing Services

Περιποσ 100,000

‘πσρήνες’cores

Τα νεα δεδομενα θα 

μεγαλωνοσν 15 PetaBytes

καθε τρονο – με δσο ανηιγραθα

Μεγαλο ποζωζηο ηων σπολογιζηων και

διζκων ειναι διαδεδομενα 

ζε 120 σπολογιζηικα κενηρα

MSPECint = 106

les robertson - cern-it-23
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24Ι. Αποστολακης

Λςζη : ηο Πλεγμα (Grid)

• Χρήζιμοποιοσμε ηο Πλεγμα να ενώζοσμε ηοσζ

σπολογιζηικούς πόροσς ηων ινζηιηοσηων ανά ηον κόζμο

Το World Wide Web παρέτει απλη 

πρόζβαζη ζε πληροθορίες ποσ είναι 

αποθηκεσμένες ζε πολλά εκαηομμύρια 

διαθορεηικές γεωγραθικές ηοποθεζίες

The Grid ειναι μια σποδομή ποσ 

παρέτει αδιάλειπηη πρόζβαζη ζε 

σπολογιζηική ιζτύ και τωρηηικόηηηα 

αποθήκεσζης δεδομένων 

καηανεμημένη ζε όλη ηην σθήλιο
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25Ι. Αποστολακης

Πωρ δοςλεςη ηο Πλεγμα (Grid)

• Βαζίδεηαη ζε εηδηθεπκελν

ινγηζκηθν, ην ιεγνκελν μεζο-

λογιζμικο (middleware). 

• Η ηδεα ηνπ Middleware εηλαη λα 

βξεη απηνκαηα ηα ζηοισεια πνπ 

ρξεηαδεηαη ν/ε εξεπλεηεο, θαη ην 

ςπολογιζηικο δςναμικο λα ηα 

επεμεξγαζηεη.

• Middleware εμηζνξνπεη ην 

θνξηην ζε δηαθνξνπο πνξνπο 

θαη εγθαηαζηαζεηο. Φεηξίδεηαη 

επηζεο αζθαλεια, ινγηζηηθή, 

επηηεξεζε θαη πνιια αιια. 

Γσκηιο

Δθαρμογη



Enabling Grids for E-sciencE

EGEE-II INFSO-RI-031688 

Εθαπμογερ

• Πεπιζοηεπερ απο 20 εθαπμογερ ζε 7 ηομέιρ

– Φπζηθε Υςεισλ Δλεξγεησλ (Pilot domain)

 4 LHC experiments, DESY, Fermilab

– Βηνταηξηθή (Pilot domain)

 Βηνπιεξνθνξηθή (Bioinformatics)

 Ιαηξηθή απεηθόληζε (Medical imaging)

– Γεσεπηζηεκes

 Γεσ-επηζθόπεζε
 Φπζηθε Σηεξεαο Γεο? (Solid Earth Physics)

 Υδξνινγία 

 Κιίκα

– Υπνινγηζηηθή Φεκεία 

– Fusion 

– Αζηξνλνκία
 Cosmic microwave background

 Gamma ray astronomy

– Γεσθπζηθε

 Industrial applications

26Ι. Αποζηολακης



IN2P3

GridKa

TRIUMF

ASCC

Fermilab

Brookhaven

Nordic

CNAF

SARA
PIC

RAL

T2

T2

T2

T2

T2

T2

T2

T2

T2

T2

T2

Tier-2s and Tier-1s are 

inter-connected by the general purpose

research networks

Dedicated 10 Gbit

optical network

T2

Any Tier-2 may

access data at

any Tier-1

T2

T2

T2

LCG

Wide Area Network

les robertson - cern-it-27



23-Oct-07 

LCG

les.robertson@cern.ch28

Grid Activity

 Continuing increase in usage of the EGEE and OSG grids

 All sites reporting accounting data (CERN, Tier-1, -2, -3)

 Increase in past 17 months – 5 X number of jobs
- 3.5 X cpu usage

100K jobs/day
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Οι φυσικοι προγραματιζουν

Οιε ε αλαιπζε κεηξεζεσλ γηλεηαη κε 
ππνινγηζηεο

Οη θπζηθνη ΥΔ ρξεζηκνπνηνπλ εηδηθεπκελα 
πξνγξακκαηα
Μεξηθνη γξαθνπλ κεγαιεο ξνπηηλεο 

(routines/Fortran, methods/C++)

Οη πην πνιινη θαλνπλ κηθξεο ξνπηηλεο, γηα ηηο 
δηθεο ηνπο αλαγθεο

Οινη ζα ρξνηζεκνπνηνπσ ηα ‘εξγαιεηα’ λα 
δνπλ ηηο πεξηιεςεηο ησλ κεηξεζεσλ
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LCG
September 2007 - CPU Usage

CERN, Tier-1s, Tier-2s

 > 80% of CPU Usage is external to CERN

les robertson - cern-it-30



LCG Backup
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LCG LCG depends on two major science
grid infrastructures ….

EGEE - Enabling Grids for E-Science
OSG - US Open Science Grid

les robertson - cern-it-32
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LCG

 The LHC physics data analysis service distributed across the world
 CERN, 11 large Tier-1 centres,

~ 140 active Tier-2 centres

 Status in May 2007 
 Established the 10 Gigabit/sec 

optical network that interlinks 
CERN and the Tier-1 centres 

 Demonstrated data distribution 
from CERN to the Tier-1 centres 
at 1.3 GByte/sec – the rate that will be needed in 2008 

 ATLAS and CMS can each transfer 1 PetaByte of data per month 
between their computing centres 

 Running ~2 million jobs each month across the grid
 The distributed grid operation, set up during 2005, has reached maturity, 

with responsibility shared across 7 sites in Europe, the US and Asia
 End-user analysis tools enabling “real physicists” to profit from this 

worldwide data-intensive computing environment

LCG The Worldwide LHC Computing Grid

les robertson - cern-it-33
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LCG
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Data Organisation

In
fo

rm
a

ti
o

n

T racks

C lusters

P rotoP articles

D igits

(R aw  data)

M CH its

M C D igits

P articles

Processing

Comparison

M C D eposits

M C Particles

MC Data Real Data

G enP articles



Backup

More on simulation
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Describes a Detector

 Hierarchy of volumes

 Many volumes repeat

Volume & sub-tree

 Up to millions of 
volumes for LHC era

 Import detectors from 
CAD systems

Navigates in Detector

 Locates a point

 Computes a step

Linear intersection

Geant4 geometry: what it does
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Propagating in a field

Charged particles follow paths that 
approximate their curved trajectories 
in an electromagnetic field.

It is possible to tailor
the accuracy of the splitting of the curve into 

linear segments,

the accuracy in intersecting each volume 
boundaries.

These can be set now to different values 
for a single volume or for a hierarchy.



25 Απγνπζηνπ 2010 Ι. Απνζηνιαθεο 38

Electromagnetic physics

Gammas: 
Gamma-conversion, Compton scattering, Photo-electric effect

Leptons(e, ), charged hadrons, ions
Energy loss (Ionisation, Bremstrahlung) or PAI model energy loss, 

Multiple scattering, Transition radiation, Synchrotron radiation, 

Photons: 
Cerenkov, Rayleigh, Reflection, Refraction, Absorption, Scintillation

High energy muons and lepton-hadron interactions

Alternative implementation (“low energy”)

for applications that need to go below 1 KeV
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Antiproton annihilation - CHIPS Model

π

proton

neutron

deuteron

He-4 He-3

K

triton

M. Kossov
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Simulation ‘packages’

Provides the means to simulate 
the physical processes and 

detector response of an experiment.

As was realised by many in the past, 
most of the parts needed can be common between 

experiments (eg physics, geometry blocks) .

So it makes eminent sense to create and use a 
general purpose package
That includes the common parts, 

And enables an experiment to describe those parts 
with are specific to it. 
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ESA Space Environment & 

Effects Analysis Section

X-Ray Surveys of Asteroids 

and Moons

Induced X-ray line emission:

indicator of target composition

(~100 m surface layer)

Cosmic rays,

jovian electrons

Geant3.21

ITS3.0, EGS4

Geant4

C, N, O line emissions included

Solar X-rays, e, p

Courtesy SOHO EIT 
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individual

physics

analysis

batch

physics

analysis

detector

Event Summary 

Data (ESD)

raw

data

event

reconstruction

event

simulation

event filter

(selection &

reconstruction)

processed

data

HEP Processing stages and datasets

Analysis Object Data (AOD)

(extracted by physics topic)
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resource units 2006 2007 2008 2009 2010

processing K SI2000 3,700 8,200 19,100 25,000 34,000

disk PB 1.0 2.0 3.8 5.0 6.7

tape media PB 6 14 25 36 48

tape I/O GB/sec 1.1 2.3 3.9 3.9 3.9

Maintenance
Installation and 

Commissioning

CERN Centre Capacity Requirements for all 
expts.

(made July 2003)

Estimated DISK Capacity at CERN

0

1000

2000

3000

4000

5000

6000

7000

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

year

T
e
r
a
B

y
te

s

LHC

Other experiments

Estimated Mass Storage at CERN

LHC

Other 

experiments

0

20

40

60

80

100

120

140

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

Year

P
e
ta

B
y
te

s

Estimated CPU Capacity at CERN

0

1,000

2,000

3,000

4,000

5,000

6,000

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

year

K
 S

I9
5

LHC

Other experiments

Moore’s law



25 Απγνπζηνπ 2010 Ι. Απνζηνιαθεο 46

Event Data

 Complex data models
 ~500 structure types

 References to describe 
relationships between 
event objects
 unidirectional

 Need to support 
transparent navigation

 Need ultimate 
resolution on selected 
events
 need to run  

specialised algorithms
 work interactively

 Not affordable if 
uncontrolled

Event

Raw Rec Phys

Velo Calo Coord Tracks

Event

Cand

RAW ESD AOD
versions

Event

MyTrk

Phys

Private

Event

AOD

Collaboration Data
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HEP Metadata - Event Collections

Bookkeeping

Run 

Data
Event 1

Event 2

…

Event 3

Run 

Data
Event 1

Event 2

…

Event 3

Run 

Data
Event 1

Event 2

…

Event N

Run Catalogue
Physics : Run 

21437

MC: B -> π π

MC: B -> J/Χ (κ+ κ-)

…

Dataset
Event 1

Event 2

…

Event 3

Dataset
Event 1

Event 2

…

Event 3

Event tag 

collection

Tag 1 5      0.3

Tag 2 2      1.2

…

Tag M 8      3.1

Collection 

Catalogue
B -> ππ Candidates (Phy)

B -> J/Χ (κ+ κ-) 

Candidates

…
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Detector Conditions Data

 Reflects changes in 
state of the detector 
with time 

 Event Data cannot be 
reconstructed or 
analyzed  without it 

 Versioning

 Tagging

 Ability to extract slices 
of data required to run 
with job

 Long life-time

Tag1 definition

Time

Version

Data Item

Version

Time

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11

VDET alignment
HCAL calibration  

RICH pressure     
ECAL temperature       

Time = T
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A Multi-Tier Computing Model 

Tier 1
(Main 

Regional 
Centres)

Tier 3

Desktop

Tier2

Tier 0
(Experiment Host lab)

CERN

FNAL RAL IN2P3

Lab a Uni b Lab c Uni n

physics group

regional group

Tier2

Lab a
Uni a

Lab c

Uni n

Lab m

Lab b

Uni bUni y

Uni x

Tier3

Desktop Germany

Tier 1

USA
UK

France

Italy

……….

CERN Tier 1

……….

Manager View User View
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Distributed Analysis – the real challenge

 Analysis will be performed with a mix of “official” experiment 
software and private user code
 How can we make sure that the user code can execute and provide a 

correct result wherever it “lands”?

 Input datasets not necessarily known a-priori

 Possibly very sparse data access pattern when only a very few 
events match the query

 Large number of people submitting jobs concurrently and in an 
uncoordinated fashion resulting into a chaotic workload

 Wide range of user expertise

 Need for interactivity - requirements on system response time 
rather than throughput

 Ability to “suspend” an interactive session and resume it later, in 
a different location

 Need a continuous dialogue between developers and users
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Visualization

Much functionality is 
implemented

Several drivers:

OpenGL, VRML, Open Inventor, 
Opacs, DAWN renderer (G4) 

 Also choice of User Interfaces:

Terminal (text) or

GUI: Momo (G4), OPACS

Editors for geometry, EM physics 
code generation
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One area: Tracking

What a simulation code needs to do for 
each step of particle:
Determine the step length
Corresponding to the applicable physics processes

Checking if it crosses a geometrical boundary

Model the final state of the track,
Advancing it, potentially in an EM field,

Applying the actions of the physics processes,
• which can create secondary particles.

Deposit energy in current position („hit‟).
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Actions during a Step

During each step
Each physics process is given the opportunity 

to limit the step,
as is the geometry module (at a boundary), and

leading to the decision on this step‟s length.

Physics processes are allowed to apply their 
effect
If they occur along a step („continuous‟)

If they caused the „hard‟ event that limited the 
step („discreet‟). 
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Actions during a Step (cont)

During a step (continued)
An (optional) user-written „action‟ is called,
Which can be used eg to create histograms or 

tallies.

If the current volume contains a sensitive 
detector, that is addressed, allowing it eg 
to record the energy deposited,

to record the exact position 

in general to create a „hit‟ that store all 
information that is relevant for that detector .  
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Actions during a Step (cont)

During a step (continued)

A parametrisation can be triggered (Geant4)

Taking over from „detailed‟ simulation

Generating directly several hits

This application-specific operates instead of „normal‟ 
physics processes until it returns control and/or 
resulting particles for further „detailed‟ simulation.

Begin of step point

End of step point
Step

Boundary
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GEANT 4                

Detector simulation tool-kit for HEP

offers alternatives, allows for tailoring

Software Engineering and OO technology

provide the method for building, maintaining it. 

Requirements from:

LHC 

heavy ions, CP violation, cosmic rays

medical and space science applications

World-wide collaboration
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Multiple scattering model

A new model for multiple scattering based on the 

Lewis theory is implemented 

since public release in 1998.   

It randomizes momentum direction and 

displacement of a track.

Step length, time of flight, and energy loss along the 

step are affected, and

It does not constrain the step length.


