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Statistics

CHEP 2013 CHEP 2012
59(53) conftributions 84 contributions
31(27) poster 64 posters
28(26) talks 20 talks

1 Vidyo presentation

Between 20 and 50 participants in the different

sessions
* Much less then in previous CHEPs

*  Many people probably in tfrack 5: Software Engineering, Parallelism &
Multi-Core

Many people jumped between the different tfracks

* |n the presentation | will focus on the talks and try o
give an overview over the topics not the talks

[ 17.10.13 @2



Which experiments are

unknown
CMS
ATLAS
PANDA
CBM
STAR
Belle2
LUCID
MICE
CNAO
Muon-g2
ALICE
LHCb
CLAS
ILD

represented?

12

14

16

18

W Talk

M Poster
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What is this all about?
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Outline

Common Frameworks
Concurrency

Algorithms

Pileup Simulation

Future Simulation for LHC
Everything else
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Common Frameworks

* Many different frameworks presented
o For sure the big and well known ones ATLAS(Gaudi) LHCb(Gaudi), CMS
o Many others
» International Large Detector@ILC

° 17.10.13 @6



F.Gaede et al. CHEP2013. Amsterdam. Oct 14-18. 2013

Common Frameworks

Marlin modules for ILD Tracking

Mokka_simfile.slcio

FTDPixelPlanarDigiProcessor FTDSpacePointBuilder SITSpacePointBuilder SETSpacePointBuilder

FTD_PIXELCollection FTD_STRIPCollection SETCollection
SimTrackerHit SimTrackerHit SimTrackerHit SimTrackerHit
MyTPCDigiProcessor FTDStripPlanarDigiProcessor SITPlanarDigiProcesso emEd i SETPlanarDigiProcessor
SimTrackerHit
FTDStripTrackerHits FTDStripTrackerHitRelations SITTrackerHits SITTrackerHitRelations SETTrackerHits SETTrackerHitRelations
TrackerHitPlane LCRalation TrackerHitPiane LCRelation TrackerHitPlane LCRelation

Digitizatio i e = Frank Gaede

MySiiconTracking_MariinTrk SETRSEERortE
TrackerHit

B e
Pattern Recognition m

ForwardTracks.
Track.

/

MyTrackSubsetProcessor

SubseTracks
Track

TPC - Clupatra

VTX/SIT - SiTracking
ForwardTracsing

combined - FullLDC (+SET)

MyFullLDCTracking_MarlinTrk )

boxes: Marlin processors
ellipses: LCIO collections
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2 boxes: artn procesors

Common Frameworks

Marlin modules for ILD Tracking ‘

* Many different frameworks presented
o For sure the big ones ATLAS(Athena), LHCb(Gaudi), CMS
o Many smaller ones
» International Large Detector@ILC(Marlin)
« CBM, Panda (FairRoot)
o Many other experiments meanwhile

° 17.10.13 @8



Common Frameworks

Marlin modules for ILD Tracking ‘

n
\& - Clupaira
ForsardTradie
ined - +

airRoot

Start testing Panda decided EIC (Electron SOFIA
the VMC to join-> R3B joined lon Collider (Studies On
concept for FairRoot: same BNL) Fission with
cBM Base package EICRoot Aladin)
or different
Xperiments i P k
2004 2006 ) 2010 ) 2011 ) 2012 ) 2013

| SN S N -

First Release of MPD (NICA) . GEM-TPC .
CbmRoot start also using ASYEOS joined seperated Collection of
FairRoot (ASYEOSRoot) from PANDA modules used by
branch structural nuclear
(FOPIRoot) phsyics exp.

Mohammad

Al-Turany




Common Frameworks

Marlin modules for ILD Tracking \7 —

lwom e | ] ol e, B8 g
. Iv\omy different frameworks presented
o For sure the big ones ATLAS(Athena), LHCb(Gaudi), CMS
o Many smaller ones
» International Large Detector@ILC(Marlin)
« CBM, Panda (FairRoot)
o Many other experiments meanwhile
* Muon g-2 (ArtG4 based on Art, lite fork from CMS)
o NOVA, MuZ2e, MicroBoone, LBNE, ...

° 17.10.13 @10



Common Frameworks

Marlin modules for 1LD Tracking \W

N\ A\

Dynamic
library loading

Event Loop &

I/O handling i

=

Provenance Your More Your o
generation physics physics friend’s etadata
code code code

Run/Subrun/

Messagin Confisuration
Event stores sing &

Al

‘Code you write . Code you use from the

framework
e Adam Lyon ZERdL
A. Lyon / March 2013




Common Frameworks

Marlin modules for ILD Tracking \Wwp..d a framework do?

- il il e, B8 T i
. Iv\omy dn‘feren’r fromeworks presented
o For sure the big ones ATLAS(Athena), LHCb(Gaudi), CMS
o Many smaller ones
» International Large Detector@ILC(Marlin)
« Muon g-2 (ArtG4 based on Art, lite fork from CMS)
o NOVA, MuZ2e, MicroBoone, LBNE, ...
« CBM, Panda (FairRoot)
o Many other experiments meanwhile

e Other frameworks
o Geant4

® 17.10.13 @12



Common Frameworks

Multi-threading

Porting applications ...

® Few changes needed in user code:
1. Change main () to use GAMTRunManager — one line

2. Create Sensitive Detector & Field in a new method
3. Adapt to per-event RNG seeding (potential change)
4. Check User ‘Action’ classes (Step, Track, Event)

® Choice - handling Output: per thread or accumulate ?

% Geant4 automatically performs reductions (accumulation)
if using scorers or G4Run derived classes

® Testing
® Check output of runs — MT vs 1-thread vs Sequential

o _ ¥ °
Geant4 - Towards major release 10 - G. Cosmo CHEP 2013, Amsterdam - 17 October 2013 Gabrlele COSfﬂU 3e13




Common Frameworks

Marlin modules for ILD Tracking ‘ -4,: Roof G What does a framework do?

Multl thleadma

. Iv\omy dlfferenT fromeworks presen’red
o For sure the big ones ATLAS(Athena), LHCb(Gaudi), CMS
o Many smaller ones
» International Large Detector@ILC(Marlin)
 Muon g-2 (ArtG4 based on Art, lite fork from CMS)
o NOVA, MuZ2e, MicroBoone, LBNE, ...
« CBM, Panda (FairRoot)
o Many other experiments meanwhile

e Other frameworks
o Geant4
o RooStats, RooFit

° 17.10.13 @14



Frameworks

Multi-threading
ors ...

ommon

t/:,m —= What does a framework do?

Marlin modules for ILD Tracking

Dynamic
library loading

Event Loop &

1/ handlin; etk

Run/! un/
Event stores

@ oo youwite @B Cod

framework

Messaging | Cor

An excursion — Collaborative analyses with workspaces

with very little technical knowledge required

Example: Higgs coupling fits

Workspaces allow to share and modify very complex analyses

& ] T T T T T
t ATLAS Preliminary + SM H
o rem 7TV Lot 464810’ Bostit - Confidence
Fis= BTeVJLdt 132071b‘ _—gg“fgt intervals
Full oF ’ = .
: g on Higgs
Higgs 1 :
g fermion,
model oF E
S boson
N U = .
N — 1 couplings
B X T R & R -
Ky
T T T T 1
ATLAS Preliminary m,= 1255 Gev f
W.ZH - bb
\s - 7TeV: fLat = 478! PR ‘f:}‘. ' ‘F%(‘Q‘: Ky)
Signal W olag = H*BRE=) ~ o g om e
Vo= 7Tev: [Lat= 40" - ERE .
8TeV: Lot o’ , , KE, Ky)
Strength \H—>ij - Iviv aleg’ — qa' H)xBR(H-yy) ~ 07.?5"‘@*0.25.;3 Reparametrlze
Vs =8 TeV: [Lat= 131" P 1
. KK
in5 H-yy algg — H)+BR(H —» ZZW H - Wwi)y ~ LV in terms of
0.75 %2 +0.25 12 :
h | et —-— e fermion, boson
channels | oz TZ;“ ol > ag/ B+ BRUL > 220, H W) ~ —— T
\s 4Tv.%uuze.7tb - 0'75“&'4'0'25'[%’ Scale factors
- ~ K
Comb_lned L h=143+021 olgg — g H,VH) » BR(H — 11, H = bb) ~ # ,
i - 0756 +025 x5,
1 | | | | 1
-1 0 +1

Signal strength (u)

Woute

rVe

Wouter Verkerke




Common Frameworks

Marlin modules for ILD Tracking ‘ -4,‘,] Roo! —— What does a framework do?
S et . e

Multl thleadma

. Iv\omy dn‘feren’r fromeworks presen’red
o For sure the big ones ATLAS(Athena), LHCb(Gaudi), CMS
o Many smaller ones
» International Large Detector@ILC(Marlin)
« Muon g-2 (ArtG4 based on Art, lite fork from CMS)
o NOVA, MuZ2e, MicroBoone, LBNE, ...
« CBM, Panda (FairRoot)
o Many other experiments meanwhile

Other frameworks
o Geant4
o RooStats, RooFit

DRY, Code reuse, Consolidation

o Make better use of your resources (manpower, money, ...)
o More help from other users

o Benefit from improvements done by your colleagues
o 17.10.13 @16



Concurrency

CHEP2013 Prediction: Lots of reports abbout success
of deep parallelization of algorithms (Adam Lyon)

CHEP2013: Different approaches to solve the
problem
CMS:

o Run multiple events in parallel, within one event run multiple modules in
parallel, and within one module run multiple tasks in parallel

o Use Intel Threaded Building Blocks (TBB) for all the parallelization

17.10.13 @17



Concurrency

Ny CMS
14 14 ‘ -€SS
oncurrenmn ANSIL1I0NS e
g n)
Begin Begin Begin Begin End End
Giobal 1o hEH
\
Begin Bagin Begin | Event § Event End Event Event End End End
Stream A Tl T T ()
5 r— e —
-
Begin Bagin Event End Begin [l Event m
seerns (2] [22) | I ) ) & B
\ /

Sees transitions on a ‘global’ scale
see begin of Run and begin of Lumi when source first reads them
sees end of Run and end of Lumi once all processing has finished for them

Multiple transitions can be running concurrently
Events are not seen ‘globally’

Stream
Processes transitions serially
begin run, begin lumi, events, end lumi, end run

Multiple streams can be running concurrently each with own events
One stream only sees a subset of the events ina job

Present CMS framework is equivalent to running with only one stream

Paths and EndPaths are a per Stream construct
The same module can be shared across Streams
The Stream knows if a module was run for a particular event

CMS Threaded Framework 26

Elizabeth

Sexton-Kennedy




Concurrency

Concurrent Transitions
o (HEHER ] a 8sa

° ( i P / ,(:MS\
“ZoSe GL[ITL » Infinite Cores 2
( - ‘ n)
Throughput Scaled Rate
250.0 0.06
e (
+ Single Threaded
O TBB =
e § 0.05 M
F &
[2] eI
S g 0.04 + Single Threaded
G 150.0 2 o TBB
) ( 3 8
% g 0.03
c n
@ 100.0 > .
>
ki é 0.02 S IN
)
5
200 & 0.01
0 0
0 1000 2000 3000 4000 5000 1 10 100 1000 10000
Number of Simultaneous Events Number of Simultaneous Events

32 core AMD Opteron Processor 6128 w/ 64GB RAM
All modules are calling usleep

TBB stops perfect scaling around 2000 simultaneous events (se)
Is using 1.3 threads/simultaneous event

Single threaded framework hits memory limit at 3000 se
o 17.10.13 @19

CMS Threaded Framework 34 CHEP 2013



Concurrency

: ausitions . Scaling: Infini

Sceanae
e ———ee
AY

%

. CHEP2013 Prediction: Lots of reports about success
of deep parallelization of algorithms (Adam Lyon)

CHEP2013: Different approaches to solve the
problem

CMS:

o Run multiple events in parallel, within one event run multiple modules in
parallel, and within one module run multiple tasks in parallel

o Use Intel Threaded Building Blocks (TBB) for all the parallelization

ATLAS:

o Use scheduler to start task when input data is ready
o New scheme is implemented using TBB

° 17.10.13 @20



Concurrency

Concurrent Tmnsztzons ic.aﬁmllgﬂmt.ﬂ&L

events (s¢)

The Forward Scheduler $¥8ss

»two T jets + X, 60 1"

Keeps the state of each algorithm for
« each event

« Simple finite state machine
» Receive new events from loop

°  manager
* Interrogate Whiteboard for new
DataObjects [ Control flow g[ Inital
« Pull algorithms from AlgorithmPool if \__ndtons \
¢ they are available zigglgsgl;ggg gontfoimeady

_to TBB Runtime v

+ Update once tbb:task finished (Taskcompleted} | Scheduled
‘ |

N Benedikt Hegner @

Executed

)
)
» Prepare a tbb::task for execution (Tasksubmitted} . DataReady
)
)




Concurrent Transitions Scaling: Infinite C ores The Forward Scheduler

[“"l"—“'_ L -. |8 8 ) i e = K pm uat of each algorithm for
R ; ach e

Concurrency

-s pl!t state machin
e vents

Dat

- Pullal \g mmslomAlg rithmPool if
they a

- Prey presmbtakfu executior

* Update once tbb:task finished

Scaling on One Processor s{efsiys

vo T jets + X, 60 1b’

on)
MiniBrunel 10k evts /
PS Preliminary: 2 sockets * 6 cores * 2 HT, SLC6, no boost malloc, 1 socket only
o H ;
312 e Multiple events in flight
8 [ |[simulEvts Clone 3 most time consuming
@ ol |2 5 (cloning) algs (1 copy per event in flight)
¢ ~ | 5 10 (cloning) S E
- G = .
o 1 iR dules in
| A5 S . .
i - & % | Linear scaling of speedup
+ 10 :
6l by ) A | up to number of physical cores
° B g Py
al i 10 events in flight already
B 7R enough for peak performance
i * ¥ k x % & % (thanksto HT)
2 *
- * :
0 2 4 6 8 10 12
L d # aif 17.10.13 @22
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The Forward Schedul Scaling on One Processor|

_Concurrency

CHEP2013 Prediction: Lots of reports about success of
deep parallelization of algorithms (Adam Lyon)

CHEP2013: Different approaches to solve the problem
CMS:

o Run multiple events in parallel, within one event run multiple modules in
parallel, and within one module run multiple tasks in parallel

o Use Intel Threaded Building Blocks (TBB) for all the parallelization

ATLAS:

o Use scheduler to start task when input data is ready
o New scheme is implemented using TBB

FairRoot
o Use Multi-Process instead of Multi-Threading
o Communication and synchronization through message (data) exchange

17.10.13 @23



The Forward Scheduler Scaling on One Processor|

_Concurrency

ol 7 for- F N #| L p
oy & - 3 K ” e uj cores
EEE AR . o i LS t
- @ |
32 5B RAM h: i 1 .
* Prepar i ay t er ance
o e e o * Updat sk finishe = oL reee ey
S p 2013 HEP 2013 .
S
W

FairRoot: Where we are going ? (almost there!)

’ * Each Task is a process (can be Multi-threaded) lem

‘ * Message Queues for data exchange
* Support multi-core and multi node !
[ ]
Input
- File(s)

Mohammad
Al-Turany

e cer 7 Publish parameters
File(s) ]
Database s (when new ones available)

e 10/14/13 M. Al-Turany, CHEP 2013 Amsterdam 8 17.10.13 @24



Concurrencv

Sﬁﬂ lll] g: 111 f.lll lltﬁ Cores The Forward Scheduler Scaling on One Processor

FairRoot: Where we are going ? (almost there!)

Keeps the state of each algorithm for MiniBrunel 10k evis

Global
Sees transitons on
et -'Iwwmdmmm
See et s recessin has Fioned for them

kil Samaaons i DA runeing cohriely.
Events are not seen ‘globally’

Stream
Processes transitions serially
e g i event,end b, endrm
Multplestreams can be running concurrendy exch wich own events

Present CIS framework I8 Squivalent & unving wih cnly one stream
Paths and EndPaghs are 3 per Scream construct
Can e e ccress
Tt S el St vt

each event

« Simple finite state machine

+ Receive new events from loop
manager

« Interrogate Whiteboard for new
DataObjects

+ Pull algorithms from AlgorithmPool if
they are available

+ Propare a tob:task for execution (Tt |

« Update once thb:task finished s:nmum

Mutiple events n light * Each Taskis a process (can be Multi-threaded)

|16t cops por vt n ign) o
I d multi node

+ | Linear scaling of speedup
up to number of physical cores

32 core AMD Opteron Processor 6128 w/ 64GB.

All modules are calling usleep

10 events in fight already
enough for peak performance
(thanks to HT)

TBB stops perfect scaling around 2000 simultancous events (s¢)
1s using 1.3 threads/simulaneous event
Single threaded framework hits memory limit at 3000 se

Publish parameters
(when new ones available)

34 chep 2013

Test 1: Reconstruction
20k Event 300 Tracks/event

root 162 s

processor

0 % events lost

processor

processor

0 % events lost !

10/14/13 M. Al-Turany, CHEP 2013 Amsterdam 25

nge
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Global
Sees transitions on a global scale
eyt i gl shp et st e,
e e of R recessin has Fioned for them

Muldple transitions can be running, e ot
vents are not seen globally’

Stream
Proceses ransiionsseral
Mgl sams an b i concurry sachwith own evens
e .m"" ey
Prasent CHS framework s Squhalent 12 runring with ony one stream
Pithsand EndPaths are, 3 pr Stream consuruee
e B S
T S el vk vt

CMS Threaded Framework cHEP 2013

32 core AMD O ()pumn Processor 6128 w/ GIGB RAM

All modules are calling usleep

Concurrenc

TBB stops perfect scaling around 2000 simultancous events (s¢)
1s using 1.3 threads/simulaneous event

Single threaded framework hits memory limit at 3000 se

»

cHEP 2013

Keeps the state of each algorithm for
each event

rward Scheduler

Scaling on One Processor

Simple finite state machine

FairRoot: Where we are going ? (almost there!)

Test 1: Reconstruction

* Each Taskis a process (can be Multi-threaded) 20k Event 300 Tracks/event

i
2 Mutiple events n lignt
T i e

Receive new events from loop

manager
Interrogate Whiteboard for new
DataObjects

Pull algorithms from AlgorithmPool if

they are available
Prepare a tbb::task for execution
(ol Lsespe)
[

Linear scaling of speedup
up to number of physical cores

10 events in fight already
enough for peak performance

Update once thb:task finished (thanks to HT)

Output
File

"‘F""“'“ W Publish parameters
I (when new ones available)

Database

« CHEP2015 Prediction: Lots of reports abbout success

of parallelization of the frameworks

|t will be interesting to compare the different
Implementations when they are production ready

17.10.13 @26



Algorithms

Many talks from different collaborations

Many algorithms are very specific designed for one

experiment
o CBM: Selected event reconstruction algorithms
o Belle ll: Track extrapolation using Geant4E
© odog
There are also developments which should be usable for a

larger user community

o CLAS: Bayesian Data Analysis in Baryon Spectroscopy
o PANDA: Common Partial Wave Analysis Framework
@)

How to find such developments which could be (rejused?
o Database with information?

o Web page?
How can we come to a sifuation like with common
frameworks?

17.10.13 @27



Pileup Simulation

LHC exceeded expectations of pileup (PU)up to 40
interactions / crossing (design 23)

Simulation has to keep up

Geant 4 predictions reached enormous precision, at
cost of high CPU consumption — improve its usage

Overlay: use data for pileup 'simulation’

other measures, e.g. use only those out-of-time pileup
events to which detectors are sensitive

17.10.13 @28



Pileup Simulation

Out of Time Pileup

e Different detectors sensitive to different ime windows

¢ Cutting this down in simulation 1s critical for performance gains!

— But including it is critical to get shadowing, saturation, and pulse effects right!

M Hits not used M Hits sent to Alg W Hits not used

Truth

MDT

LAr

Tile

RPC

TGC

csC

TRT

BCM

SCT

Pixels

012345678 91011121314151617 181920212223 24252627 28 203031 323334 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

Bunch Crossing -32 Bunch Crossing 0 Bunch Crossing 32

16 Oct 2013 Z Marshall - Simulation of Pileup in ATLAS

to 40

ion, at
sage

> pileup

Zachary

Marshall



* Different detectors sensitive o difcrent time windows

Pileup Simulation

i LHC exceeded expectations of pileup (PU)up to 40
interactions / crossing (design 23)

« Simulation has to keep up

« Geant 4 predictions reached enormous precision, at
cost of high CPU consumption — improve its usage

« QOverlay: use data for pileup 'simulation’

« other measures, e.g. use only those out-of-time pileup
events to which detectors are sensitive

« Simulations limited by CPU and/or memory
« need new ideas to reduce consumptions

° 17.10.13 @30



Out of Time Pileup

Bunch Crossing 32

Pileup Simulation

Computing Performance

Average VMEM [GB]

¢ Obvious trade-off between CPU and memory

— TFor high luminosity, we spend the CPU on 170 to avoid serious
memory limitations (“Algorithms” = “PileUpTools”)

— Tor low luminosity it’s possible to pay with some memory and save
some CPU (32-bit 2 64-bit, slc5 = slc6)
— Memory shows much more regular growth; normal non-linear effects
on CPU like changing from active memory to swap

10°

--------- MC12, 32-bit Algorithms
MC12, 32-bit PileUpTools

v.--- MC12, 64-bit PileUpTools

— T T T T T T T
—e— MC14, 64-bit slc5 PileUpTools

ATLAS Simulation

F——o MIC14, 6a-bit sicd PileUpTools
MC12, 32-bit Algorithms
MC12, 32-bit PileUpTools
. R MC12, 64-bit PileUpTools

CPU per event [ms]

INRRU NN FRRRERRCNE FRNRL L. WRA NRARL FRAR

ATLAS Simulation

P B S
200 250

P I S S NN S
150 200

=S NS FRREE RS N SR FRR T R

0 50 100
<u> per filled bunch crossing <u> per filled bunch crossin
16 Oct 2013 Z Marshall - Simulation of Pileup in ATLAS

O OITIVILUTHNONIS Hrneu vy \,r

e need new ideas o reduc

ions of pileup (PU)up to 40

3sign 23)
)

hed €Nnormous precision, at

I —_—— = °1_ .
CcMs, /|
CPUlMemory Performance |
* Some timing/performance results:
— Single neutrino events with 8 TeV Pythia minbias events simulating
individual interactions
— Events processed merely through pileup addition and digitization
[Scenario | CPU/ev (s) |RSS (MB, 100 ev)
Summerl2 5.2 976
[-2,2], 50 ns,
<PU> = 21 (3 BX only)
[-12,2], 25 ns 12.6 1186
<PU> = 20 (16 BX)
[-12,2], 25 ns 27.4 1518
<PU> = 40 (16 BX)
— Memory Reduction for a sample with 100 interactions/crossing:
Pileup Configuration RSS (MB)
Old Mixing Software 2520 2020
New Mixing Software 1283 87310.13 . 3 ]ciev or
NOTRE DAME

(9) 15 October, 2013

Mike Hildreth - CHEP 2013 - Amsterdam

45 Fermilab



* Different detectors sensitive o difcrent time windows

 |LHC exceeded expectations of pileup (PU)up to 40
Inferactions / crossing (design 23)

« Simulation has to keep up

« Geant 4 predictions reached enormous precision, at
cost of high CPU consumption — improve its usage

« QOverlay: use data for pileup 'simulation’

* ofher measures, e.g. use only those out-of-fime pileup
events to which detectors are sensitive

« Simulations limited by CPU and/or memory
« need new ideaqs to reduce consumptions

Premixing of events
() 17.10.13 @32



Plleun Simulation

Out of Time Pileup Computing Performance CPU/Memory Performance

° . . .
Simulation meets Computation

. Even if the events are read sequentially, it still will require more

than 2000 minbias events to produce a single MC event with

appropriate pileup at sLHC luminosities .
° | - | - | sion, at

— nightmare for computing infrastructure if huge minbias event files
have to be made available to each compute note for MC production Jsgge

» Potential Solution: “Pre-Mixing”

¢ — For the pure minbias pileup simulation,

° Simulated I
hilts?rom one e plleup
interaction

[

repeat until all minbias
3 interactions are processed Simulated I

Raw Data
— Create library of events containing only pileup

[ J . . . . . .

contributions, following pre-determined luminosity

profile to calculate how many interactions to include Mike Hildreth
([

(10) 15 October, 2013 Mike Hildreth - CHEP 2013 - Amsterdam

£ Fermilab



Simulation at LHC in Future

o ATLAS/CMS in run-1 produced several billion MC
events, even more will be needed in run-2 with
higher luminosity & trigger output rates

« ATLAS / CMS investigated in speeding up simulation
of their detectors

» frozen showers; fast parameterized simulations

« ATLAS also worries about simulating events under
old conditions (trigger simulation)

« One way to reduce CPU time: simulate not all
particles: Russian Rouletfte

o Now also employed for calorimeters

° 17.10.13 @34



Simulation at LHC in Future

Russian Roulette CPU Usage

» Comparison of CPU performance between 8 TeV and 14 TeV Simulation:

------- ced several billion MC

MinBias 8 19.3s 15.2s 21.5s 16.1.s

78.5% nm—20 needed in run-2 with
Sl L L B R output rates

ttbar 8 87.1s  528s 14 115.8s  74.3s N ranAAAllAA A ALl AR AW

00.6% *#  Russian Roulette (RR) in CMSSW

w8

Only n and y are biased in ECAL and HCAL; RR Factor 10 is used

At 14 TeV, Zee becomes compatible in CPU with TTbar. Similar RReffectson  * Method used in neutron shielding calculations for many years
— Not necessary to track all low-energy particles in a shower

Some fraction of low-energy particles are killed but remainder get
(18) 14 October, 2013 CHEP 2013 - Amsterdam higher Weig ht

RSt R T T Y RN e — not suited for tracker, muon systems
M 1 — direct CPU savings (for calorimeter simulation)
old condifions (trNgge I e marese:
* RR may be enabled separately per particle type and detector

« One way foreduce C  regon

— n, y - allow significant CPU savings for CMS

CMS software version CMSSW_6_2_0

I ‘ I — p, e -no visible effect so far W*W,
pO rTI & | es. R ussian R OU + Two parameters per particle
o Now also employed for calc — RR factor (1/W)
— Upper energy limit W,

R T %
17.10.13 (3% rarmino
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mSlmulatlon at LHC in Future

ATLAS/CMS in run-1 produced several billion MC events,
even more will be needed in run-2 with higher luminosity
& trigger output rates

* ATLAS / CMS investigated in speeding up simulation of
their detectors

« frozen showers; fast parametrized simulations

« ATLAS also worries about simulating events under old
conditions (trigger simulation)

« One way toreduce CPU time: simulate not all particles:

Russian Roulette
o Now also employed for calorimeters

« |dea of a Infegrated Simulation Framework
o CPU can be reduced by up to factor of 3000

o Then digitization and reconstruction becomes bottleneck — need also fast digi
+reco !

° 17.10.13 @36



Slmulatlon at LHC in Future

Rus: IRI!(CPUUQ

+ Comparison of CPU performance between 8 TeV and 14 TeV Simulation:

i

oulette (RR) in CMSSW

) AT
T —
. . L
Current simulation performances A
Calorimeter
default FastCaloSim i R
. Jfion
[ J
° 0, er
=
[ J
particles in cone -
around electron:
use Geant4 example ISF setup
] » Idea: use different simulation techniques for the same event, depending on region
or particle type
» Main feature: flexibility with respect to particles => simulator assignment Chiara
» Designed to be compatible with multithreading and multiprocessing Debenedetti
" v 7 edet

C.Debenedetti - CHEP 2013 - Fast ATLAS MC production - 17.10.2013



Simulation at LHC in Future

Russian Roulette CPU Usage

urrem simulation performances
- Comparison of CPU perormance between 8 TeV and 14 TeV Simuation: Russian Roulette (RR) in CMSSW a

ced several billion MC events,
| in run-2 with higher luminosity

ner-»

ISF performance: H -> gamma gamma

ISF simulation setup Speedup Accuracy
| n speeding up simulation of
Geant4 with FastCaloSim ~25 approximated calorimeter
Fatras with FastCaloSim ~750 all subdetectors approximated
Fatras with FastCaloSim . FaSt reCOHStrUCtIOHZ performance
A . all subdetectors approximated
simulate only particles ~3000 ] .
. event simulated only partially
in cones around photons = yr i, g F = El
£ A Preliminar F ATLAS Simulation Standard Roconstruction |
99~ H-+yy o pileup 8TV ttSimulation” [ § FoeeH 8- R AN
' Transverse momentum ig “E = <
. . I ok 4 z 3
» Use of fast simulation => significant speedup spectrum of i, s or 1
reconstructed tracks 8gg ‘ [ ]
» Speed increased even further thanks to partial event simulation with standard and fast "¢ ““Beaa“; ‘ e .
» helps in reducing output size thk'vgford'ﬁere.mi N IR - ]
pileup scenarios® EEFTC. ool ER e
B . | STt s W W T ®® T g et et o, DAL RLIY)
CDebenedetti - CHEP 2013 - Fast ATLAS MC production - 17.10.2013 L e sk E
. 3 -1.5 -1 -0.5 0 0.5 1V 1.5
o Now also employed for calorimete »Good agreement with standard ) o
Reconstruction 108 T aras smusion
° . . \-2 10] Preliminary
* |dea of aIntegrated Simul - signifcantspeeaun S
» Difference at low momentum not significant 4
o CPU can be reduced by up fo fac
y p » pr>400 MeV for standard ATLAS data and MC 3
o Then digitization and reconstructic  processing N1 E
. . E ) ., " -“ﬂﬂqﬂ‘
+ reco | > Fést rec.onstructlon Wlth better performance & \
» inefficiency factor taken into account for low pr 107 1 10

particles *° (GeV)

® 8 TememrLZZ ?Q .q:ﬁulatBB

ner-»

C.Debenedetti - CHEP 2013 - Fast ATLAS MC production - 17.10.2013



Everything else

 What about simulating old datae
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CHEP 2013, Amsterdam

Werner Wiedenmann, A new Scheme for ATLAS Trigger Simulation..,

Everything else

Modified Simulation Chain

l-—— Software Release A >|< Software Release B DI< Software Release C ——»

D etecto r Merge BS '
Simulation Representative el Reconstruction

trigger selection for
a given period

Trigger decision record
in BS format

Detector data and Monte Carlo truth
information in RDO format

= Use byte stream format for input/output in the trigger simulation
module

= The byte stream format has no equivalent containers for
simulation meta data and Monte Carlo truth information -
= Write out only trigger decision record in BS from trigger simulation
= Use RDO data as input to reconstruction

= Add data merging step for trigger decision record before Werner
reconstruction step

Wiedenmann



Everything else

i
H

ream format for inj utin the
E y rmat
simulation meta data and Monte Carlo truth informati
Write out only trigger decision record in BS

ion >
ion record from trigger simulation
jse RDO data as input to reconstruction =?
igger decisi b

 What about simulating old datae
« Speeding up the reconstruction.

® 17.10.13 @41



Modified Simulation Chain

ATLAS, Technische Universitat Miinchen

Efforts: Library Change

+ Change from CLHEP to Eigen
* Huge software migration 4

* 0O(1000) packages affected 2 .

=1

» Eigen library functions 0
can vectorize if compiled
accordingly

» Exchanging the allocator

» Exchanging GNU libm
* Under investigation: VDT, libimf

W CLHEP M MKL M SMatix M Eigen

matrix multiplication speedup vs CLHEP
simiar results with GCC 47.2 and ICC 13.0.1 on an Ivy Bridge.

Issues: 30 Day Summary

Issues: 156 created and 53 resolved

Robert Langenberg — CHEP 2013 10

Robert

Langenberg

Everything else

Wh& 1M g old data?
onstruction.

ATLAS, Technische Universitat Mlinchen @

ATLAS

EXPERIMENT

TUTI

Efforts: Magnetic Field

« Change from Fortran77 to C++
* Code a lot more readable now

Relative Error in B, (at z=0)

18000[—
g

» Reduced function call depth

» Adding field value cache sonf Sl
» Greatly affects performance
as particles are traced along
their trajectory

* Unit Conversion Minimization

|- WS
-5000

-10000
« Affects accuracy and performance

1 I
-10000 -5000

55 1
0 5000

1
10000
X (mm)

* Make code autovectorizable and applying intrinsics
» Speed-up of 20% (reco) up to 60 % (single particle

simulation)

Robert Langenberg — CHEP 2013

1710 1R
71O 1o

40
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Everything else

Modified Simulation Chain SATLAS im e o GATLAS nm
1 o St et — ot o e 8 — s Sobee e — Efforts: Library Change e Efforts: Magnetic Field
i X + Change from Fortran77 to C++
1 + Change from CLHEP to Eigen « Code a lot more readable now
§  Huge software migration + Reduced function call depth & N
H + O(1000) packages affected I « Adding field value cache -
H = Eigen library functions ==l * Greatly affects performance
H can vectorize if compiled as particles are traced along
£« Use byte stream format for inputioutput in the trigger simulation accordingly their trajectory -
1 module N + Unit Conversion Minimization
g - v rmat * Exchanging the allocator + Affects accuracy and performancé ™ e
! Simuation '"".;:::'":d o o o . ing GNU libm « Make code autovectorizable and applying intrinsics
§ + UsernDO duaas imputo reconsiructon oo 9 * Under investigation: VDT, libimf + Speed-up of 20% (reco) up to 60 % (single particle
. rigger * [ simulation)
reconsiruction step. o
/[ ——— o

 What about simulating old datae
« Speeding up the reconstruction.
 Geant4 in hadron therapy

° 17.10.13 @43



verything else

Modified Simulation Chain : SATLAS im e o GATLAS nm

Efforts: Library Change S Efforts: Magnetic Field
« Change from Fortran77 to C++
. Co

d

- write trigger decision record in B from trigger simulation

§ v UseROO dataas input o reconsinuction u
. igger

reconstruction step :
i

+ Speed-up of 20% (reco) up to 60 % (single particle
— simulation)

The eye detector

* Eye anatomy deeply studied
and a geometric
schematization realized

* Accurate reproduction of all
eye-components in the G4

simulation

* Dimensions parameterised as
a function of the sclera z
radius

* Rotation possible to misalign
tumour and sensitive

sub-components
14 17.10.13 @ 44



Modified Simulation Chain

— — J— Efforts: Library Change
+ Change from CLHEP to Eigen
« Huge software migration
+ 0(1000) packages affected
« Eigen library functions
» can vectorize if compiled
* Use byte stream format for inputioutput in the trigger simulation accordingly
odule
kst . + Exchanging the allocator
simulation meta data and . ing GNU libm
« Write out only trigger decision record in BS from trigger simulation - . .
© Use RO data e it 10 reconstruction « Under investigation: VDT, libimf
. iager E

reconstruction step. lﬁ
17 [T

 What about simulating old datae
« Speeding up the reconstruction

?ATLAS nm

Evervthmg else

QATLAS
[P — SALAS mm 1032939b 9ys odT
Efforts: Magnetic Field
« Change from Fortran77 to C++
+ Code a lot more readable now
* Reduced function call depth -
Adding field value cache
« Greatly affects performance
as particles are traced along
their trajectory e
« Unit Conversion Minimization

boibuzz \(\qssb otene od
1093 5 b
bsx\lre‘w neurxurmerbz

115 Yo noisauboige e35129A
D orly i 23n9n0qmos-aye
noizslumiz

25 bozioromensq znoienomiQl
s19loz oris Yo noizanut 5
2uibs1

Make code autovectorizable and applying intrinsics
Speed-up of 20% (reco) up to 60 % (single particle ngilseir o3 sldizzoq noiss10A
simulation) avisiznoz b wormus

2nenogmod-duz

« Geant4 in hadron therapy

- LUCID

17.10.13 ® 45



Everything else

Modified Simulation Chain : . QATIAS mm . QATLAS Tim
Efforts: Library Change e Efforts: Magnetic Field
X « Change from Fortran77 to C++
* Change from CLHEP to Eigen + Code a lot more readable now
« Huge software migration ; + Reduced function call depth
+ 0(1000) packages affected l « Adding field value cache o

« Eigen library functions
can vectorize if compiled

« Greatly affects performance
as particles are traced along

* Use byte st ¢ iin the trigge

their trajectory .
module : + Unit Conversion Minimization
« The byte stream format has no equivalent containers for * Exchanging the allocator + Affects accuracy and performancs
S e ot e toor o . ing GNU libm + Make code autovectorizable and applying intrinsics
* Use 50 data 58 iput o recomsiruction sp T Urderimestaaon:VOT it - + Speed-up of 20% (reco) up to 60 % (single pariicle
. o G simulation)
reconstucion ep A

In 2008, the Simon Langton Grammar
School for Boys entered a satellite
experiment design competition run by
the British National Space Centre (now
UK Space Agency) and Surrey
Satellite Technology Limited (SSTL).
» The Langton Ultimate Cosmic ray
Intensity Detector (LUCID) would
use Timepix detectors, developed by
the Medipix Collaboration, to
measure the space radiation
environment in Low Earth Orbit.

» Designed by students, built by SSTL,
now due to launch in February 2014.

» LUCID now part of CERN@school,
supported by UK Science and
Technology Facilities Council

Particle source(s)

SPENVIS .*:“ & —

[T Sy — RN

el el by

+ ESA-backed “Space Environment
Information System” web portal.

 Spacecraft coordinate generators:
 Input LUCID orbit details.

(STFC) Large Award ST/J000256/1. i i « Trapped radiation models:
o o _ .
@ CERN(@school Tuesday 15th October 2013 T. Whyntie/LUCID Collaboration CHEP2013 AP-8 for protons and electrons,
p——  Int. and diff. flux spectra.

GEANT4 General Particle Source (GPS)
« Hemi-spherical surface, energy
sampled from flux spectra energy bins;

* Right: 50 10-20 MeV protons (“dome”
made partially transparent for clarity).

0.13

o @
) .
el CERN@school Tuesday 15th October 2013 T. Whyntie/LUCID Collaboration CHEP2013




Modified Simulation Chain

* Use byte stream format for inputioutput in the trigger simulation
module

= The byte stream format has no equivalent containers for
simulation meta data and Monte Carlo truth informat
Wit out ol iger decision record nBS,rom wigersimation
+ Use RDO data as input to reconstruction
. 991

reconstruction step

Russian Roulette CPU Usage

=

+ Comparison of CPU performanco between 8 TeV and 14 TeV Simulation:

8 1525 1615 .
2K — Gn
Z-ere 8 509s 3345 14 1695 %23s
65.6% 8.7%
war 8 o71s 5288 14 1158s 743
606% 624%
Only n andy are biased in ECAL and HCAL; RR Factor 10 s used
5 oreman
1 b 013 Prr— fhitrnrd

Out of Time Pileup

* Different detectors sensiive to different ime windows

+ Cuting this down in simulation iseritcal for performance gains!
~ Butincludi '

SATAS mm

Efforts: Library Change g

. Change from CLHEP to Eigen
« Huge software migration
« 0(1000) packages affected
Eigen library functions
can vectorize if compiled
accordingly
+ Exchanging the allocator
+ Exchanging GNU libm

* Under investigation: VDT, libimf

36
I

Thank you

S A brief history of LUCID Particle source(s) _
Efforts: Magnetic Field ,
+ Change from Fortran77 to C++ i =
+" Code alot more readable now | e peimendegn camption rnky nformation ysem weh poral
+ Reduced function call depth & zency) anc « Spacecraft coordinate generators:

Satelite Technology Limited (SSTL).
* The Langin UdmteCosnic
 (LUCID) would
e veloped by
the Medipix Collaboation, o
measure the space radiation
environment n Low Eath Orbi,
- Designed by students, bl by SSTL
ove e to launch in February 2014,
LUCID now part o CERN@school,
supported by UK Sience and.
Technology Fcilties Council
STFC) Lacge Awaed ST000256/1

Adding field velue cache
« Greatly affects perform:

as particles are traced alcng

their trajectory .
Unit Conversion Minimization
« Affects accuracy and performancé’
Make code autovectorizable and applying intrinsics
Speed-up of 20% (reco) up to 60 % (single particle
simulation)

+ Input LUCID orbit detals,
+ Trapped radiation models:

AP-8 for protons and electrons;
+ Int.and diff fux spectra.
GEANT4 General Particle Source (GPS)
+ Hemi-spherical surface, energy
sampled from flux spectra energy bins
+ Right: 0 10-20 MeV protons (“dome”
made partially transparent for clariy).

Current simulation performances \ﬁ; SF performance: H -> gamma gamma Fast reconstruction: performance

Russian Roulette (RR) in CMSSW L
R E— Stumibionseun | S Accuney

N sedin e s clcdaicrs oy yors

Jeostbirr -
- S o ol oy s s e a9 e 0 L)
s
~Tr—— s =
Goodsgreement with sandard
e Reconsruction

- R oy b et separtly pr sy and et 750

— + Sianifcant peedi

Tt st s st sl
st miae oo | 00
oot e Incone oroundphotors Seieing
T st reconstuction with btterpeformance
arparidetyoe seof
puin
_— heps nredudng ot szs =

- o s Girae e — L

Computing Performance

Simulation meets Computation

CPU/Memory Performance

* Obvious trade-off between CPU and memory

= For bigh luminosity, we spend the CPU on 1/0 to avoid serious

“Nigorithms” - “PilcUpTools”)
= ol ity s posil o iy with s meoryand e
32

some C) REER

cgular growth; normal non-Jincar ffects

= Memory shows much more
hanging from active memory 1o swap.

on CPU like

Bunch Crossing 32 Buneh Gressing 0

Concurrent Transitions

Bunch Crssing 32

Even if the events are read sequentiall, it stil will require more.
than 2000 minbias events o produce a sin
‘appropriate pileup at SLHC luminosities
nightmare for computing infrastructure i huge minblas evernt files
b

+ Some timing/performance results: igle MC event with

individual interactions.

Global
Sees transitions on a global scale
¢ of L hn source fes rends ther,
O o R s endof Lum nce h pocessng s s fo them
Multple transitions can be running concurrently
Evencs are ot seen ‘globally’

Strcam
Processes ranisonsseraly
T oY, o o, end e

Migiesreams an e ruving concurendy exch withown events

i e e
Present IS framework s squnalent r\mmng with only one stream
Paths and EndPaths are a per Stream constr

o o e s S

—=1h R e e

The Stream:

z o
- w

32 core AMD Opteron Processor 6128 w/ 64GB RAM
All modules are calling usleep

TBB stops perfect scaling around 2000 simultancous events (se)
Is using 1.3 threads/simultaneous event.

Single threaded framework hits memory limit at 3000 se

HEp 2013

Marlin modules for ILD Tracking

FairRoot

TPC - Chupatra
VTX/SIT - SiTracki
ForisardTrasilng

ed - FUllLDC (+5E7T)

FGasde et al. CHEP2013. Amsterdam, Oct 18, 2013

Martn processors
elpses €10 collctions

SFermisn
The Forward Scheduler Scaling on One Processor /

Keeps the state of each algorithm for
each event

‘ / 2 What does a framework do?

Scenario CPU/ev (s) | RSS (MB, 100 ev) « Potential Solution: *Pre-Mixing"
A | 76 ~ For the pure minbias pileup simulation,
<PU>'= 21 (@BXony)
(122, 2505 12.6 1186
<PUS = 20 (168x)
[(-122), 2505 27.4 1518
<PU> = 40 (168%)
ropoatunth al minbias
- y ractions are processed
Pileup Configuration | VSIZ (MB) | RSS (MB) ~ Create library of events containing only pileup
0l Mixing Software. 2520 contributions, following pre-determined luminosity
o - profie to calculate how many interactions to include i

I

MiniBrunel 10k evis

FairRoot: Where we are going ? (almost there!)

Test 1: Reconstruction
20k Event 300 Tracks/event

oot 1625 241MB

* Each Taskis a process (can be Multi-threaded)

Mutiple events n lignt

Simple finite state machine

Receive new events from loop
manager

Interrogale Whiteboard for new
DataO!

Pull a\gumhms from AlgorithmPool if
they are available

Prepare a tbb:task for execution
Update once tbb:task finished

‘l-ﬂm-r-—mnnm . exchange

Linear scaling of speedup
up to number of physical cores

10 events in fight already
enough for peak performance
(thanks to HT)

Publish parameters
(when new ones available)

Por—
File(s)

An excursion — C

analyses with

Multi-threading

Porting applications

* Workspaces allow to share and modify very complex analyses
. with very litle technical knowledge required
Dynamic

library loading

Event Loop &

11O handiing | =T 00¢

changes needed in user code: + Example: Higgs coupling fits

Create

e

nsitive Det ina Ful

Confidence
intervals.
on Higgs

et g e vigos
fermion.
Metadata Check User ‘Action’ classes ( ‘model g
ice - handling Output: per thread or accumulate ? couplings.
G smatically performs reductions (accumulation)
N GaRn derived cass
un/Subrun : :
e Messaging  Configuration g Seral Reparametize
e Check output of runs - MT vs 1-thead v Sequentil svenaty P
enamels fermion, boson
facors

@ code you write (@) Code you use from the
framework

0% events lost !

0% eveats lost !
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