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Computing Resource Usage in 2013

! our CPU usage exceeds pledges
I opportunistic usage
I aim at using further resources (clouds, HPC,...)
| disk resources are fully used
I not many opportunistic resources at hand
| Tier-0 managed date rate in 2012
I idle between data taking periods
I at the limit at the end of 2012 |
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Resource for

! we have to stay within budget constraints
' assumption is we stay with a
I interplay of technology advancement, market price and
replacements

Evolution of ATLAS Tier-0
CPU Requirements in Run-2

Evolution of ATLAS Tier-1+2
CPU Requirements in Run-2
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@ requirements follow
I assumptions based on 2012, plus
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Evolution of ATLAS
Tape Requirements in Run-2
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Input data / Run-1 reproc / MCinputs2015 , MClnputs2016 , MCinputsJ017 , Summary |

for projections

| model uses

| basic assumption: operation at and
| in 2015, in 2016/7
| event (in Billions)

Real Data
Full Simulation

Fast Simulation

| event and per year, e.g. for 2017:
size (MB) HITS RAW =) AOD CPU | fastsim| full sim| reco pxes | group user
data 2017 - 1 2.7 0.35 data - - 250 25
MC 2017 1 (3.7) 3.7 0.55 \Y/[@ 300 K1s10]0) 600 60 < P4
' plus and processing
| DESD (mostly CP groups), calibration and alignment data, cosmics, misc. user data
I technical
| processing and I/O buffers
| ~ 20% buffers (PD2P) - in reality the disks are full

?
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RAW-> ESD Reconstruction time @ 14 TeV

The Explosion

! is driver in CPU vs pileup
I combinatorial explosion in hit combinations

L GRS

LHC @25 ’
| strong tracking project [(3"
' migration to Eigen and simplified EDM , .

' new track seeding strategies (exploring IBL)

I squeeze technical performance ...

HC@so0

80 100 120 140

| preliminary look at
n pile-up (mu)

! on 14 TeV, ttbar, mu=40:
| new compiler, 32—64 bit,
newest TCMa”OC, Z |ayel’ SGEding, 70CPU time per Event depending on release
new b-field service, Eigen, simpler Tracking ED
and Intel math lib : p ° — = 14 TeV
! within reach oons.
| compared to in budget

CPU time per Event [s]

resource reauest

1 sec ~10.72 experimental

_ setup in 19.0.1
ATLAS Work in progress

0 17.2.7.9, 32bit  17.2.7.9, 64bit 18.9.50 19.0.1

—@— Event loop -—@— |nner Detector Release
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Tier-0 Processing and L4

! 1kHz processing at Tier-0 seems ok with LS1 improvements
' not much safety margin, 1.5 kHz would require to add Tier-1 resources
I at 50 nsec bunch spacing, we can only afford ~500 Hz

main gains from new software trigger level L4 are in
I requires full scan tracking
| New fast tracking in trigger, FTK, may fill in, to be demonstrated
! fast primary vertex z-scan algorithms?
| We will also consider Deferred Triggers
" | inter-fill/run processing © isf runningJobs (vg) from: 14:21 201072012, 0 1921 2112012

I MC@Point-1 for inter-fill use of farm ?

Tier-0 processing I
months of 2012

| new Analysis Model
I staged Tier-0 conflicts with stable L4

ATLAS Trigger Operation 2012

~Jets/missing E_ (delayed)
~ B-physics (delayed)
Minimum Bias
Electrons/photons

Jets/taus/missing E_

Rate in Hz

Muons/B-physics

e

August octobe AVErage non dela
was400 Hz




Resources for Simulation

! full Geant4 is a CPU driver
| so are many physics generators !
Il model allows for limited MC statistics
! full G4 sample of 2*10” events/year
| plus 5107 events/year fast simulation
' speed improvements in Geant4 ?
| disk space for more simulation ?

@ Integrated Simulation Framework
I better/mixed fast simulation options

Tracker Calo. Muons speedup

full fast full ~20
fast fast fast/full| =100
Rol guided fast/full ~100

I needs fast digitisation and fast
reconstruction

I no disk space to save factors more MC
| only save DxAOD from production
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GRID CPU Consumption \g

10%

@ MC Simulation

@ MC Reconstruction
Final Analysis

@ Group Production

@ Group Analysis

@ Data Reconstruction

@ Others

Calorimeter
default FastCaloSim

particles in cone Inner Detector:
around electron: default Fatras

use Geant4 example ISF setup




Fast tracking in trigger

! FTK emulation - possible resource driver
I currently it takes at pileup of 40!!

| clearly, insufficient on all MC!
| budgeted for MC reco. (incl. trigger)

I factor 16, if we neglect rest of trigger and offline reco.

| several
! trigger acceptance corrections

I use FTK only for set of triggers
| This looses a lot of the advantage of the FTK

'  have a scheme for FTK !
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FTK Emulation chain

Pileup |Input | Emulatfion |7 o
40 3200
60 5750 25300

80 8900 30514 4008

o Units HSO6 hours in a H>tautaulh sample wit
10k events
o PU 80 sample running on high memory slots




in 2012 vs Model

! experience from 2012

= JetTauEtmiss Stream —&— ESD sizelevent
| to 13 TeV, p=40 @ 25 nsec = a v s
| uses JetTauEtmiss stream g Ao szslvent
.(',;l)
size (MB)"
at 40 pileup | RAW ESD AOD
"guess” ~1.1 ~5.0 ~ 0.55
model 1.0 2.7 0.35 ' 25 30
i (Av. Int. per BC)

I Not quite matching model yet

| full reprocessing/analysis formats not yet available f/‘;ii(k'\e"u?! =¥\ ESD AOD
| : heed to add and
| What sizes to expect ? 11 0.66 1.69 0.185
| we see for same content as before 15 0.72 5 04 0.222
| affected by changes in tracking settings
| some xAOD objects with ESD type of extensions 20 0.78 2.26 0.258
! possibly additional jet collections ?
1 (x) is currently AS 0.85 2.96 0.309
30 0.92 3.56 0.380
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The "Revolution”

! based on AMSG report last year Staged Tier-0 poli

! with AOD—AQOD reprocessing BEEY
| fix data in Tier-0 and not in group production
| final AOD plus previous versions for old periods Period A avalable 23 AODO
| inflates the AOD size by

' new Analysis Model

| directly root readable (eliminate D3PD) T
I pr0dUCES DXAOD II"I traInS """""" Poroga™ ™" s/w fix 1-2
| with Combined Perf tools, examples...

! D3PD Overheads in 2013 Periods A, B, C available as AOD2

! (1) in size per AOD version
| multiplied by revision (fix version) kept |t

framework

| sitting on (Athena)
_ has even group disks (1)
' D3PD added a lot to total needs

ROOT-based analysis

| was heavy on jets reconstruction, ...
| staged Tier-0 addresses this

Athena-based analysis ~GB

ROOT-based analysis

Reconstruction An aIySiS M Od el

(Athena)

UNIVERSI
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Input data ;, Run-1reproc / MCinputs2015 , MCinputs2016 ;, MCinputs2017 Summary

| CPU and event sizes
' Tier-0 processing at n
I (X)AOD sizes are a worry, but time to improve

I assumed MC sample sizes seem small compared to past experience
| ISF may give us technology to do much more
! and FTK emulation is an unknown

' new Analysis Model needs to be a success

| now one needs to add to the model:
| per year, fixes
I one can increase/reduce replication, move data to tape ...
| in a sense, the disk buffer is a choice
l one needs to define numbers of on disk all data formats
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Input data ; Run-1 reproc ; MCinputs2015 MCinputs2016 MCinputs2017 Summary

@ model for

l emphasis is on current year data
e very much like in Run-1, still true in Run-2 ?

' older data i.e.:
o only kept 1 year
® NO from Run-1 after 2015, no 2015 AOD on disk in 2017(!!)

e but: analysis trains in central production could
! as well gets archived to tape after 2 years

data RAW | data ESD | data AOD | data DESD] MC HITS MC RAW MC ESD MC AOD | Group DxAOD

current year 1 0.2 ( 2*2.7§ g 2 > - 0.06 0.125 < 2*2.9!

previous year - - 1 1 - 0.06 0.125 1
® model is not cast in stone, room and great need for
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Disk Usage Summary

Real Data
13%
! predicted total disk sizes per data type: PD2P Buffers

23%
NPB 05 2016 2017
Simulated Data

Cosmics/Buffers 12.7 12.7 12.7

I relative shares don't change much
| real data increases following integrate lumi. per year
| PD2P buffers and additional samples slowly reduced
' group data in model is huge

| real and simulated data are 35-40% of the total Y68 H HY
c ?28&07%<.="2:%
0*%

Calib/Scratch/
Cosmics/Buffers
13%

Group Data
2015 hae

Real Data

PD2P Buffers 16%
21%

Calib/Scratch/
Cosmics/Buffers

10% V

201 6 Group Data

30%

Slmulated Data

6#%$,78+92#'9:8
63;-,9:8<.="2:%

>*% +,- SH" %&H HY

20 1 7 123.4%&#'#%

55*%
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Usage Details

! predicted disk usage per format:

| oms| oo | 2017
SmuaedRDO | o4 08 12

SmuaedHTs | |

PD2P Buffers

Implied network requirements to be clarified in DC14
Expect largest Tier 2s to reach 40Gbps later in run2
Expect average network doubling ~2years for largest sites
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Real RAW _ Real ESD Reg| Real DESD
3% _\ 2%  AOD 1%
0,
7% Simulated RDO
0%

PD2P Buffers Simulated ESD

23% '/ 1%
Simulated AOD

1 0,
Calib/Scratch/ 9%

Cosmics/Buffers
14%

Group Data

2015 30%

It 0/41 8,0, " 0H*+ O,
H #$/0& /ﬂ\ . #$/0 +!/0 !||#$%,*+,0

v N0 "H$%8...%
0% ~) 0/— % 0)%
+123$H4 5%,
" o

D,-D%B3C"7
-0)%

<H$1=>+?THA?@> .
<8A217A>B3C"7A% +123$#4"5%8&., %
0% -0)%

67839%,#4#%

2016 )%

Real RAW Real ESD
5% N\ 2% Real AOD

/_10% Real DESD
1%

PD2P Buffers imulated RD
19% Simulate 0

Calib/Scratch/ 1%
Cosmics/Buffers /
8% Simulated AOD Simulated

19% ESD
2%

2017 Group Data

33%




Usage Details o single replica:

size (PB)| 7TeV | 8 TeV
AOD

o 2016 | 2017 MC AOD
Real RAW sum_| 1.2 | 1.9

@ predicted disk usage per format:

Real AOD

RAW 2.4 5.0
Real DESD sspoz | 15 | 27

Simulated RDO o4 08 12

AOD

Simulated ESD DESD 0.3 0.5

Simulated AOD MCRDO | 02 | 0

Simulated HITS I N e 1 oo o
espo1zs | 07 | O

Calib/Scratch/Cosmics/Buffers MC AGD

PD2P Bufers sun__| 89 | 151 | 191

plus AOD - 18.7
total 94.2 123.2 155.8 olus Run-L | 120 | 218
' data+MC of 2017 is total, (xX)AOD of all other years is
together
discussion in starting on what can be optimised
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Summary

! Software and Computing preparation for Run-2
! is to prepare the offline for

! stays within expected resources
' numerous to make it reality:
software speedup, new Analysis Model, ISF simulation framework, ...
| looks good, is currently a worry but early to say

| overall there is room for

' "strawman" model is putting emphasis on
! was true in Run-1, same fast turnaround in Run-2 ?

| will give us more freedom (e.g. MC)
| but manpower is short

! new needs to be a success
I we can not afford group disk for old D3PD production model

! Overall model tested Summer/Autumn 14 in DC14
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