Big experiments
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Computing for the HEP
experiments
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HEP computing has different aspects

For instance the characteristics of an accelerator-based
experiment are different from those of an astro-particle

experiment

The infrastructure built by the community is tailored on the
needs of that is the most demanding user at the

moment (but it serves all the HEP community and more)
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High Energy Physics studies the fundamental constituents of
matter and the forces that drive their interactions

One of the methods is
to create very high

energy densities |
This reproduces the ' WW\V//@ ,“,Wg |
environmental & W
conditions of the —
primordial universe i PR p—
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Particle accelerators

In order to create high energy densities we accelerate particles in
opposite directions and make them collide one against the other

The CERN LHC
accelerates protons.
It has 27 km of
circumference and is
located in a tunnel
about 100 m
underground in the
Geneva area
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Around collision points we have built particle detectors that can

“see” the particle produced in the proton collision so that we can
understand what b o N

happened.

Detectors have
about 100 million
channels that are
acquired at each
collision
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e Collision events
Vi

We call “event” a single crossing of the proton bunches in

the detector area.
For eaCh event We S ;In;e2101t2":\/l Ly'_'1c3 2COE§8N14 621490 GMT

-a 194108 / 564224000
reconstruct the
particles produced
in the collisions.

There are 40
millions crossings
per second
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L“g m LHC Physics

The reason why in LHC we
produce so many events is
that experiments study rare

events
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For example the signal to noise
ratio for Higgs events is ~
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In each LHC experiment there are 40 million bunch crossings per

LHC data

second. Every time 100 million channels are acquired (100 MB)

9 (4X1 022 Byte) (I-:igI;VI‘1Hljve|-1 Trigger

LHCb High No. Channels

High Banqwidth
Obviously it is not affordable! (1000 Guitle)
ATLAS

The data reduction process s
brings to 1000 events per : o ot Arrives
second each ~ 1 MB Aucs
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.Li“g‘:&i LHC Data processing

In general physicists do not like to work on RAW data
coming from the detector

Typically they prefer to work with particles, jets,
vertices, missing energy, etc...

The process that interprets RAW data in terms of physics
objects is the

Actually there are many reconstruction phases

Physicists do on reconstructed data
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LHC Real data

Decay of unstable

LHC collisions :
particles
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.I‘§ i LHC Simulation

N

Not just real data form detectors!

Since it is not possible to use analytical solutions of physic
processes going from the proton interactions to the final state
particles, we use simulations based on techniques

Events are according to theoretical models and then
in order to reproduce the detector behaviour and then
treated in the same way of the real data

The simulated data sample is 1 to 2 times the real data sample
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Theoretical model
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LHC Simulated data

Simulation of decays of
unstable pargicles

Simulation of
interactions particle-
detector

Simulation of detector
electronics

-
Trigger

-

Recontruction
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© i Computing infrastructure

d

Management of different kinds of (raw, reconstructed,
simulated, analysis products) and of (different
phases of ; , end-user ) is

done on an infrastructure built by all countries participating to

the LHC experiments

The project that coordinates the operations on the

infrastructure is the




Units used

1 byte (B)=[0...255] = 8 bit Using a unit specific for HEP:

1GB=10°B HepSpec06 ( )

1°2=10%8 Today:

1EB=10%%8B 1 computing core ~> 10 HS06
Today: Hard Disk ~ 7 TB 1 CPU (~12 cores) ~> 100 HS06

= 230 bit/s ~ 100 MB/s

Today sites are connected atnx 10 Gb/s ton x 100 Gb/s
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| Numbers from the
movie (2013)

600 million collisions every second

AN NN

Only 1 in a million collisions is of

interest

Fast electronic preselection passes 1

out of 10 000 events and stores them

\\\\\\\\\\

AN on computer memory

100 GB/s transferred to the

\\\\\\

......

experiment computing farm

\\\\\\\\

15 000 processor cores select 1 out of
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CERN Data Centre (Tier 0)
~ 100 000

73660 processor cores

Data aggregation and initial data

reconstruction

copy to long-term tape storage and

distribute to other data centres

11 Tier 1 centres
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Permanent storage, re-processing,

analysis
140 Tier 2 centres

Simulation, ent-useer analysis
> 2 multicore
1,5 million jobs running every day
25

20 GB/s global transfer rate
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....more numbers

‘
Z

Global resources for 2017 are: g .- .
— 5,200,000 HS06 (~500.000 processor cores) =
— 395.000 TB disk
— 590.000 TB tape

— Dedicated network connections (from multiples of 10

Gb/s to multiples of 100 Gb/s)

...and more available in collaborating institutes

More than 180 data centres in over 35 countries

More than 8000 analysts all over the world
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Pile-up
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a bunch crossing rate of
40 MHz produces 600
collisions per second:

Every bunch crossing
(event) there are on
average 15 p-p collisions
(AKA pileup)
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CERN DD/OC Tim Bemers-Lee, (%rx/pn

Information Management: A Proposal March 1989

Information Management: A Proposal

In 1989 CERN had needs

This proposal concerns the management of general information about accelerators and cxpenments at
CERN. It discusses the problems of loss of information about complex evolving systems and derives a th a t We re n O t a ddressed by

solution based on a distributed hypertext sytstem

Keywords: Hypertext, Computer conferencing, Document retricval, Information management, I'roject
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Tim Berners-Lee proposed a

s Jor example
N

N <<> mechanism for information
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S Calcolo

Today WWW is available to

the entire society for free!

Declaration
The following CERN software is hereby put into the public domain:

- W 3 basic ("line-mode") client
- W 3 basic server
- W 3 library of common code.

CERN's intention in this is to further compatibility, common practices,
and standards in networking and computer supported collaboration. This does
not constitute a precedent to be applied to any other CERN copyright software.

CERN relinquishes all intellectual property rights to this code, both source
and binary form and permission is granted for anyone to use, duplicate, modify
and redistribute it.

CERN provides absolutely NO WARRANTY OF ANY KIND with respect
to this software. The entire risk as to the quality and performance of this software
is with the user. IN NO EVENT WILL CERN BE LIABLE TO ANYONE FOR
ANY DAMAGES ARISING OUT THE USE OF THIS SOFTWARE, INCLUDING,
WITHOUT LIMITATION, DAMAGES RESULTING FROM LOST DATA OR
LOST PROFITS, OR FOR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL
DAMAGES.

Geneva, 30 April 1993
i
I j
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/
W. Hoogland H. Weber
Director of Research Director of Administration
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S 9' i The first picture on the web (1992)

Collider

| gave you a golden ring to show you my love
You went to stick it in a printed circuit

To fix a voltage leak in your collector

You plug my feelings into your detector

You never spend your nights with me

You don't go out with other girls either

You only love your collider

Your collider.

(CERN Hardronic Festival — 1990)




Computer Laboratory,
University of Cambridge
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From Web to

In the years 2000s the LHC community had to address the problem of how to manage the data that
the experiments would produce

They started from an idea of a group of

American computing scientists: the

Computing resources are treated in the

same way of the electrical power:

A computer is plugged to the network and

gets what needed wothout knowing . : ' ii i g

where it comes from : Storag Sarvers

“sensor’

The is a software layer s .‘%— SONET /SDM et ;
, pwp W P
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.LI‘ 9‘ i A distributed system

d

Advantages of a (w.r.t. a unique data
centre)
Avoid single point of failure

Have access to local funding otherwise not provided by
member states

Investment on available in different countries

Build an adaptable system able to integrate external

resources that are made available
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Only a few technical details...
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The network - LHCOPN

LHCODOPN The network
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: The network - LHCONE

/)

LHCONE: A global infrastructure for the High Energy Physics (LHC and Belle Il) data management J]Q«l
P PSNC
/ CERNet?/ % CANARIE e 00 RN, e 8 i Poland
H = et GEANT, GARR, CANAREE-100G, UChcago-100G, et
14 Cohiet b o Sovem Canada o e o
2 Sty - Z KREONET-106/100G .
£ 4_ iHep-cms China e / Esnec B o G A Mo, i DGF 11}
§ 5 PacificWave 100G CSTET, CUDI GRPret 100G DGF-T1
.y LIHEP-ATLAS e st S ErSURUEG GEANT, Man Ly Tlh KIJJINR
WSO e NGRS imFral Startight S T— L HEPNET  Russi IHEP
B l sanign T london) INR Prowino
o e 1 RRCKITL |
KREONET2 pnpi |_JINRTL | rep
e o 4 et m——
Korea & RCC-KIT2
KISTI-T1 GNET o 22
Japan utég D = %
z Hitosh tN Germany z
3 irosh. -
8 Tokyo \ KIT=  DE-KIT-T1!
<]
Tuskuba 1 2 &
o o) Z
GEANT KEKT1 R i o H g £ C
. £ i e 2 ‘ 5 ESNET
o % &8 aeone: PacWave | PNWG Starlight : &5 2 Czech
2z Gsaia ) SINET, (Seattic) (Chicago) H s raguelcg?
EE Y\ % CANARIE ClebiBle
uk, TEIN N ] pult ESnet ESnet = openhage
1 e \ interme2, /ﬂo‘n‘ PNNL-T1 USA o HEA/RU ) =
1 |CANARIE via al
v o pacinne | :\ —{Amsterdam) soc ™ Prague
Beijing \\ BNL-T1mm FNAL-T1mm CANARIE TN T s C Frankfurt
- # - 13 -
\\ SLAC Q““:Z% H ) wiﬁ*““‘ Vienna
\ n o o 2 3 H &
2=95g Y metes, S
Hong Ko ‘I g idoe ::/a, et < Budapest)
; if LA " Condon
s 3 s
H R 3 % e ucharesf
] o g T g | Milan
7 o o ¥ Madrid.
Mumbai J o al TN wise, £
¢ [ intemen, cERN, M, .
e 5 UCh, UFl3, UOak, H
H Vand, GEANT allf N
UWisc g NRENS 3nd ites) and! ACTIN U T = X
\ Srazilensies, ESne, 22 &t oz oz g 0§ f
Singapore ASGC-T1 PacWave NORDUNet, RUNNNET ¥ 2 5 = 3 g
(HEPNET, L = %
e (Sumyvale) @ ety GEANT
PERN NCU NTU e, i z g 2 £ |Exchange /
Pakistan UM E‘ ; E & (L(London >
@ London, CERN
Geneva
Harvard msterdal /
By
‘ cic &
GEANT EIN PacWave OmniPoP &
Madrid ingap Los Angeles (Chicago) &
i
(1nte yrE%ore. L\ e
S0 o R E\ % RENATER
& J\@ France
& ¢ _IN2P3-
Intarsr:ﬂ of Wi CC-IN2P3-T1= PR
z NKN NKN el &L e (Washington) LPC e
& \ndia India & S cPPM Solvenia
Purl Harvard SHE ——50%] LPSC
vece TIFR . M -
Vanderbilt o sow AtianticWave IPHC
UFlorida o~ distributed_exchange; Subatech
x
> e g
3 AMPATH Sl
NOTE: LHCOPN paths are not shown on this diagram NAP of Americas | \. GARR UAIC
TN Singaporey (Miami) s R v 2wl INEN ioal NIHAMESSTIv
— > AT (Lonsey S8
Vel : LHCONE VRF domain/aggregator itondon) < ban taly
1M Distributed site z Catania NIPNEX4
e | ) S CNAF-TL x
L ) Network provider canarie 4 1SGRIR PTTA & Fa
manx Pending | HCONE exchange point / PaP router @) ) Nt Legnaro INFN INFN
sucwm Sites connected Cross-border router oy, *, _afeiigs - aNBIPE Milano  pisa  Napoli
Bicorisse VL Regional R&E communication nexus & S e s Romat
w/ switch providing VAN connections bt Brazil Totis
GNAFST1 LHC Tier 1ALTASand CMs ) - vellow outline indicates SpERLIETe S oA, (o
UChi LHC Tier 2/3ALTAS and CMS g LHC#Belle 11 site = i ANSP ER5 ——, TEN,
" - Dashed outline indicatt 2 esn i i
KEK Belle 11 Tier 1/2 di;:]bi‘e‘;“sil'e‘e'” Ieates tie @ tsnet B SoRACE CBPF :F:EIPE‘;T)dI Mumbai
PNU LHC ALICE or LHCb S GEC)ET - =
Sites that are standalone VRFs
Communication links: 1/10, 20/30/40, and 100Gb/s May 1, 2016 — WElohnston, ESnet, wej@es.net See http://Ihcone.net for more detail.

Claudio Grandi . . PhD School on Open Science Cloud - Perugia Jstituto Nazionale di Fisica Nucleare



Manage
Policies

Policy

Point (PAP)
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Retrieve . . Request Policy
Administration |[<— Policies
(XACML)

Grid Security management

based on x.509 certificates

based on attribute certificates (VOMS)

(ARGUS)

Evaluate Process Client
Authorization Requests and
Requests Responses PEP C/C++

le;’: © Application

Policy Decision

Point (PDP) <& Authorization -| Execution Point

(XACML) (PEP Server)
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RV (\Pplication

Response

Server Components

Client Components
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l

Access is based on batch jobs: asynchronous execution

Dedicated interfaces allow to manage remote submissions as if local

A Grid Site
Firewall / Sub-net

Interactive processing

User workspace

is limited and based

" PoDUI |
on local resources or l T

on systems able to

manage part of the Workers

load in batch mode

Server validates PoD WNs, which if validated
will become your PROOF WN:s.
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COMRITISSIONC
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.LI‘ S i Grid Data management

d

Heavily relying on for persistent data storage
Accessible in a transparent way (nearline)

Dedicated interfaces to uniformly manage data on disk and on

tape
Tools to manage the of large amounts of data

to data by jobs but today network performances

allow transparent on the Wide Area Network

)




Storage Federations

(5

Starts from the possibility to have

remote data access

Clients always ask the closest
location for files

If the file is not available, the
request is forwarded to a

until it is
satisfied (or fails globally)

In production for and
-y RGeS
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Let’s see how it works...
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Grid: an example of collaboration

g Long-tail of research

_ EGI Case Studies
Even though the HEP community « http://www.egi.eu/case-studies

has been dominant, the Grid has
been thought and build for the

whole

Projects as the European Grid Initiative (FGl), to which INFN participates, and
the Open Science Grid (OS5G) in the US provide computing resources to many

scientific communities, and more.

Involvement also in the
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Was that enough?
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What about the years to come?
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LHC roadmap

e Peak luminosity =—Integrated luminosity
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Significant increase

in experiments’
requests in the

coming years

...but the buzz-word
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Resource requests for the future

HL-LHC baseline resource needs
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L"‘; m Not only LHC...

HEP Facility timescale

LHC Integrated view between Europe
(ESPP), USA (PS), Japan
Suparcex
a

Significant resources required even in
the design phase; for both accelerators LSST
and detectors

- R e Sy e |
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.I s i Foreseen evolution — LHC Run 3
\ S

d

ATLAS and CMS

Trigger rate is constant

50% increase in pile-up and luminosity = integrated
luminosity doubles

ALICE

DAQ rate in 50 kHz > 1 Tb/s...
...but data reduction of a factor of 20 on the O farm

LHCb
Software trigger only (30 MHz) - 2-5 GB/s to offline

In addition the CTA (and SKA) experiments starts!
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Let’s take CNAF, the Italian Tier-1, as an example to
understand what changes:

Italian resources in 2017

CPU (kHS06) |Disk (PB) Tape (PB)

All WLCG

INFN Tier-1 & 2
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=\ CNAF evolution - LHC Run 1 & 2

pCll

CPU - CNAF RunZ2 is ok with the flat

budget hypothesis:
Bl CPU+20- 30%
T Disk + 15 - 25%
Tape + 30% - 60%

Disco - CNAF Tape - CNAF

——ALICE

~—&—ALICE ~&—=ALICE

~—=ATLAS o = ATLAS
CMS CMS

—>—LHCB —>—LHCB

—*=Tot v —#=Tot

2009 2010 2011 2012 2013 2014 2015 2016 2017 2009 2010 2011 2012 2013 2014 2015 2016 2017
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2016 2017 2018 2019 2020 2021 2022 2023
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Does the technological evolution
help?




CPU power

Moore’s Law - 2005

\O

(CPU performance

Transistors

doubles every 18 months at the prive -
10°- 256M512M :
same cost) does not hold any more 10 e
107- M Pentium® 4 Processor

Pentium® Il Processor
Pentium®ll Processor

Pentium® Processor
486™ Processor

386™ Processor

1M
[
Intel Processor features 10 256K

1054 64K

10000000 -

K

’ 104+ I 80286
1000000 f 5 2030 8086
e el 8008
s (e A 1024 4004 @ 1965 Data (Moore)
100000 | ; Memory
1074 @ Microprocessor
100 L} L) L) ] 1 T T ] T ] 1
10000

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

1000 B Y X ool B Source: ntel

We may reasonably expect a
increase per year but we need to

cope with systems

1983 1989 1992 1995 1998 2001 2004 2007 2010

Source: Andrzej Nowak — CERN OpenLab



HS06 per computing unit vs year
—0— HS06 per computing unit at CNAF

—0— 20% increase hypothesis

—@— 15% increase hypothesis

2008 2010 2012 2014 2016 2018 2020 2022 2024

CPU power

Starting from the
actual power of the
nodes bought by CNAF
in 2009-2015 we
estimate an increase
between 15 and 20%

54
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PMR" = PMR with Two
Dimensional Magnetic
Recording (TDMR)
and/or Shingled
Magnetic Recording

e

2013

PMR - Perpendicular

Magnetic Record

2015

ing

2017

HAMRY = Heat Assisted

Magnetic Recording
with TDOMR and/or SMR

—
2019 2021
Year

HDMR = Heated-Dot
Magnetic Recording

(BPMR+HAMR?)

BPMR?* = Bit
Patterned Magnetic _
Recording (BPMR)
with SMR and

TDMR

T e
2023 2025

Extrapolation is more difficult
for disk because there are
technology changes foreseen

5
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Disk
It is safe to assume that disk size
in 2023 will be around

=@ Disk size, optimistic hypothesis

=@—Disk size, pessimistic hypothesis

2010 2012 2014 2016 2018 2020 2022 2024

The number of disks may not
need to increase
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2005 2010 2015 2020 2025

CPU power to electrical power

ratio increasing linearly. In 2023
foreseen 2 HSO6/W

—> Low power architectures?

‘\ _—
Bonay
Z )
a8

&
,1' |

Claudlo Grandl

PhD School on Open Science CIoud Perugla

Disk power consumption does not
depend on size in first approx.

=®==Farm + storage power,
20% increase hypothesis

—®—Farm + storage power,
15% increase hypothesis

0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Total power (including services)

in 2023 is foreseen to be ~1 MW

Gl e ' .56
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Costs

* Provisioning of CPU, disk and tape
* Electrical power for IT

* Electrical power for cooling
~60% of power for IT at CNAF (PUE 1.5 to 1.7 depending on the seasion)

* Infrastructure maintenance
— Far from a “flat budget” hypothesis for Run3

And Run4 is even worse!

Need to change models and exploit new technologies
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Can’t just follow the evolution of

currently used technologies!
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Are we different from

the rest of the world?

SKA1-Low
660 PB/yr

Business emails sent
3000 PBlyr
(Unstructured content)

Kaiser
Permanants
30 PBIyr

LHC Phase 1
Raw data
100 PB/yr

Facebook uploads /
80 PRIy N LHC Phase 2
Raw data

400 PB/yr

\
\



(o

N

from the rest of the world

We can try to follow what others are doing

Even though Google, Facebook, & C. are making money

out of investments while we have

We can also try to exploit resources that others may

make available to science in mode




.i . i From Grid to Cloud
\ 9

AN

offers most of the functionalities needed by HEP

computing
Commercial and iy @it
industrial world - | Pingidentrty

~UGRID

amggg W MOSSO a CIPHER

offers solutions that

i SQL Server S
BizTalk Labs
Data Services ~ () Live Mesh
NTR

are being integrated
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N From the Grid...
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Glidein Factory

4

~~_ Gridjob

Glidein Startup
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...to the Cloud
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Glidein Factory
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CMS job
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(S Hybrid Cloud model

Helix Nebula Hybrid Cloud Model

Users
Big Small al Medium Other market

The use of standard cloud scence  ScaleScence  sectors
interface will allow to
exploit private and

commercial clouds at the .

Network Commercial/GEANT

same time / 1 \

Front end From end Front end Front end Front end Front end
asSiasgacsiasSpgas|asS

Publicly funded Commercial EGI PRACE
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Decouple data The suggested LHC computing model

A limited number of powerful and efficient

and CPU
management resource centres j—

[S—
Data is stored ' . =

on a few, highly
controlled, sites

Most CPU is

Comp. omo. omo.
found elsewhere V- [_J

SCF Meeting — Smaller centres or commercial providers
12/5/2017

A new model for WLCG?
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Not only distributed computing!
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New architectures

Up to now HEP computing is based on a single architecture (x86-64)

— Follow the market mainstream

> Use highly available architectures

ARM, ...

Annual Shipments
== ARM
- x86

> Exploit parallelization

Multi/many-core, GPGPU, ...

o —- ~ [ - w o ~ =] <

> Use low-power architectures

2005 2006 2007 2008 2009 2010e 2011e 2012¢ 2013e 2014¢
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400 450
n. Events per CLOP

in

NA64 RICH pattern recognition

Execution on NaNet-10

Based on GPU the Tesla K20c GPU

: e s L SRR
randi PhD School on Open Science Cloud - Perugia

Exploit hardware capabilities

o
©

Time per event [us]

o
>

256 320
N. of events in buffer
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Effective programming!

Outline Introduction Computing challenge Software solutions Hardware resources Analysis model Conclusions
0000000000 000 000

Spread the knowledge ({65

Software has considerably moved in the last years
Consider that in few years we switched from C++98 to C++17

CPU power stopped moving towards higher frequencies, rather
towards more tasks in parallel

The last generation of physicists was used to think in an OO way
Huge chains of inheritance, big number of virtual functions

HEP programming seemsto turn back to the old good functional
paradigm

— Training is mandatory
C++ offers awide range of smart solutions to improve performances
Compilers also are no more the black magic boxes

Flags matter!

L/ Claud M.Corvo (INFN and University of Ferrara) LHCb Computing Upgrade 22 May 2017 11/ 29 Eig:




!‘5 ‘ Machine Learning

Starting adopting {{@}} i GlitchesClassificationStrategy
Machine Learning &

Deep Learning L
techniques for data

pro cessin g s Supervised Algoritam
Example:

Glitches detection in
Gravitational Waves

“CR workshop, L.N.G.S. 22- aggio ena Cuoco, VIR-0346A-17
searches

Claudlo Grandl v PhD School on Open Science Cloud - Perugla 05/06/2017 Jskituto Nazionale di Fisica Nucleare
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<§ ‘ Software: the key to the solution?

Why Software? Software is the Cyberinfrastructure

By P.Elmer
HSF workshop
23/1/2017
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Computer hardware is aconsumable. =2
=

Software is what we keep, and invest in, over time.
71
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Concluding...
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HEP computing is continuously evolving

Experiment requests impose an evolution of the model

in order to comply with the (flat) budget

Need to understand and exploit new technologies

Software is the key to scalability and sustainability




