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Computing Activities & Resources

* Governing Principles

* 2 safe copies of RAW data on tape

at CERN and Tier-1 sites

¢ 2-3 large re-reconstruction passes
per year in first years at Tier-1 sites

*  Monte Carlo production matches

collision data

* Production and user jobs go where

the data is

* Full "mesh"” network connectivity. All
sites are connected with each other

* A lot a work went into
preparation and testing

* Provides flexibility to tackle

unforeseen scenarios (very high

turn-around before ICHEP)

Markus Klute, MIT

ICHEP - July 2010

Tier-0 activities

Prompt data processing
Prompt calibration and alignment

Storage of RAW data backup

Tier-1 activities

Custodial storage of RAW data
Prompt skimming

Reprocessing of data and MC
MC production

Tier-2 activities

MC production

User analysis

Tier-3 activities

User analysis



Computing Activities & Resources

 Excellent site readiness  Tnstalled resources as of 2010:

* Key ingredient for successful * Tier-0: 55 kHs06, 3 PB disk, 9 PB tape

operations *  Tier-1: 100 kHS06, 11 PB disk, 20 PB tape

* Close relationship with sites *  Tier-2: 192 kHs06, 12PB disk

through contact person and data
manager
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Offline Project

300

* Huge enterprise to provide stable
software while incorporating
latest developments

250+
200 -
150

* Hundreds of code developer

100

Active developers / month

* Offline sub-projects

50

* Simulation

2007 2008 2009 2010

* Fast Simulation Year

* Data & Workflow Management (T:otal
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Offline Releases and Performance

* Release cycles

* Patch release mechanism deployed

* Deployed train model for release

cycle

* Detailed and frequent monitoring of

software quality and performance

*—e
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I I
development releases |

patch releases
online releases
production releases
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* Software performance

ICHEP - July 2010

Extensive optimization program
Looking into multi-core usage

Reconstruction of collision data
(MinBias)

- 0.6 seconds per event
- 400 kB RECO, 150 kB AOD
- 900 MB memory
Simulation of Monte Carlo (+tbar)
- 90 s/evt (B0 s for low-pT QCD)
- 1400 kB RAW SIM
- 980 MB memory



Collision Data

* First 900 GeV Collisions

*  Nov 23" 2009
- 350k pp collision (10 ub™)

* First 2.36 TeV Collisions
*  Nov 30™ 2009
20k pp collision (<1ub™)
* First 7 TeV Collisions
*  Mar 30™ 2010
« L=303nb"
* Luminosity Goals:
- 100 pb™ in 2010
« 1fb'in 2011

Markus Klute, MIT ICHEP

in 2009 and 2010

CMS: Integrated Luminosity 2010

@ 350 ' '
a Delivered 346 nb™
300 —
. Recorded 303 nb"
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* Computing resource plan input: event
counts and size, not luminosity

* Trigger rate and overlap (300 Hz, 20-40%)
* LHC duty cycle (20-50%)

* Event sizes (300kB RAW, 500kB RECO, 200 kB AOD)
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Central Processing @ CERN

CMS (P5) 5
T Alignment& | | Conditions
calibration !
¥ ;
Offline
Storage Manager i
oc T Commissioning, Conditions
ySIcs, Database
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(within 1-2 hours) 2—2 |
v
Repacker @ Prompt Prompt
: : reconstruction skims
Primary Disk
Tier-0 Datasets buffer Tier-1’s
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Central Processing @ CERN

Rolling workflows are fully automated

Express processing provides quick
feedback for commissioning, data
quality monitoring and physics

Alignment and calibration loop to
improve quality of prompt
reconstruction

Operational experience at Tier-0 is
excellent. Success rate of 99.9%

Categorize data according to trigger
selection in primary dataset

Markus Klute, MIT ICHEP - July 2010
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Entries 44185
Mean 60.46
RMS 93.52

Tails dominated by untypical
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« Data volume from 7 TeV collisions

987M raw events

88 TB

11 primary datasets



Data Transfer from CERN to Tier-1's

CMS PhEDEX - Transfer Rate
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Central Processing @ Tier-1

Running jobs
7 Days from 2010-05-21 to 2010-05-28
T T T

All Tier-1 sites used in production

Upon arrival at Tier-1's, data is
being processed and stored on tape

Prompt skimming
* see poster by Si Xie

*  Produce small datasets based on trigger
selection or reconstructed objects

* Fully automatized system
Reprocessing of data and MC

* Improved software, calibration and
alignment

* 10 data reprocessing passes for 7 TeV

* 3 MC reprocessing passes for 7 TeV
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Commissioning |10

Maximum: 7,434 , Minimum: 0.00 , Average: 5,285 , Current: 5,392

Run2010A
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Data Distribution for Analysis

* Data distribution to Tier-1 organized
centrally to balance resource utilization.

* Jobs go where the data is

* Data storage serves as temporary buffer

 Refresh with hot datasets

* Data distribution on Tier-2 organized

* Centrally (Analysis Operations)

* By physics groups

* By local users

Markus Klute, MIT

1500

1000

500

SE
oo
o

@
(=%
o
v
‘B
=
o
e
<

B Hosted Sample:

Exotica
Forward
Heavy lon
Higgs

Jet Met
Muon
QCD
SUSY

Tau PFlow

g
Lh
53
&%
we
.

2
E
2

ICHEP - July 2010

Top
Tracker
Tracking

Tier-2 storage breakdown
(typical example)

user space
physics group 2 10%
205%0
central production
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physics group 1
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local space
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Trigger
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Data Distribution for Analysis

CMS PhEDEXx - Transfer Rate
120 Days from Week 11 of 2010 to Week 29 of 2010
T L)

Data transferred from Tier-1's

* 49 Tier-2 sites received data

* >5PB transferred in last 120 days
* average rate 562 MB/s

*  max rate 1407 MB/s

Data transferred between Tier-2's

* 41 Tier-2 sites received data

* >25PB transferred in last 120 days
* average rate 254 MB/s

*  max rate 853 MB /s

*  full mesh approach

* Data distribution re-balances itself

* Datasets produced at Tier-2's can be
distributed o others

1600

T T L] L] L) L)
11 . e e i ieiiaiii. Bl e edee e e
1,200 ju oo . ' ... 1 .... E .. . l .. 2 e R S [ R S

w : : : : : : :
@ S e e o ) e e L L 1
g 1,000 : . : : : .
o . . . . i
2 800 fe------ e e - R T N e R [ P E—— ;|: ------------------
& = il
SR ')+ [ N DA - I RN [ T ot PR | = S S n 1 R _—l H .....
o H
= : : =Nin}

400 fm oo - - e -- B =3

: : a0 I | _:
.
200 fm - - - - - = ] {E:
2010-03-28 2010-04-11 2010-04-25 2010-05-00 2010-05-23 2010-06-06 2010-06-20 2010-07-04 2010-07-18
Time
W T2_US_Mebraska LIT2_CH_CAF L T2_Uus_MIT W T2_US _Caltech 1l T2_US_Florida
[ T2_UK_London_IC CIT2_DE_RWTH ET2_US_Purdue [ T2_US_Wisconsin O T2_FI_HIP
O T2_TW_Taiwan OTz_us_ucsb W T2_DE_DESY [ T2_UK_SGrid_RALPP [ T2_CN_Beijing
O T2_IT_Legnaro CT2_IN_TIFR W T2_FR_IPHC O T2_FR_GRIF_LLR [ T2_TR_METU
[0 T2_EE_Estonia [ T2_FR_CCINZP3 CIT2_KR_KNU ET2_ES_IFCA [ T2_PT_LIP_Lisbon
[ T2_ES_CIEMAT W T2_CH_CSCs [ T2_UK_London_Brunel [ T2_BE_IIHE [ T2_IT_Rome
O T2_FR_GRIF_IRFU W T2_AT Vienna OT2_T_Bari [ T2_IT_Pisa [ T2_BR_UER|
[ T2_BR_SPRACE [T2_PL_Warsaw CIT2_RU_JINR [ T2_UK_SGrid_Bristol O T2_BE_UCL
W T2_RU_ITEP [ET2_PT_NCG_Lisbon [ T2_HU_Budapest OTz_UA_KIPT O T2_RU_SINP
[l T2_PK_NCP COT2_RU_RRC_KI [ T2_RU_IHEP O T2_RU_INR
Maximum: 1,407 ME/s, Minimum: §1.53 MB/s, Average: 562.41 MBfs, Current: 449.19 MB/s
CMS PhEDEX - Transfer Rate
120 Days from Week 11 of 2010 to Week 29 of 2010
200
T T T L] L] L] L) L)

800 o ------ i e e bt S

700 pw oo '23 ---- I -- 2 ------------ 1
F 600 oo b SR S A L - S SN AR
= . : ; : &
= . . . :

o 500 - e Eemeseeeseoon R = B e f R o

ol . . . =,

-4 ' ' ' ' |

5400 o T REREEE P RN i R | e R = AR & REE | RS

& L

e : : : 1 [ E

£ 300 oo R R - BT P e - e o Bl -
: : =53

1 ol R O S S
00 pooooe - - N ST -

2010-03-28 2010-04-11 2010-04-25 2010-05-09 2010-05-23 2010-06-06 2010-06-20 2010-07-04 2010-07-18
Time
W T2_US_Caltech LIT2_Us_UcsD LI T2_US Florida W T2_US_Nebraska L1l T2_DE_RWTH
[ T2_US_Wisconsin OT2_FR_CCINZP2 ETz_us_mMiT O T2_DE_DESY O T2_FR_GRIF_IRFU
O T2_IT_Legnara OT2_AT Vienna [ T2_BR_UER| @ T2_US_Purdue [ T2_TW_Taiwan
[0 T2_UK_London_Brunel OT2_IT_Piza W TZ_ES_IFCA O T2_UK_London_IC [ T2_RU_SINP
[ T2_BR_SPRACE [ T2_CH_CSCS [ T2_UK_SGrid_RALPP O T2_IT_Rome O T2_PT_NCG_Lisbon
[ T2_BE_IIHE W T2_FR_GRIF_LLR ET2_IT_Eari W T2_FR_IPHC [ T2_CN_Beijing
O T2_RU_JINR W T2_ES_CIEMAT [ T2_HU_Budapest [ T2_KR_KNU O T2_BE_UCL
@ T2_EE_Estonia OT2_RU_RRC_KI OTz_FI_HIP O T2_PT_LIP_Lisbon O T2_RU_IHEP

[ T2_TR_METU

Maximum: 853.66 MB/s, Minimum: 17.25 MB/s, Average

Markus Klute, MIT ICHEP - July 2010

254.53 MB/s, Current: 64.96 MB/s
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Analysis Activities @ Tier-2/3's

500 individual CMS users active
using grid resources

* Maximum reached in preparation
for ICHEP

* Tier-2 resource usage currently
dominated by analysis activities

Terminated jobs

30 Days from 2010-06-15 to 2010-07-15
200.000— T T T T T T T T T

éTier‘-éZ Ac&‘ivi’ry@

100,000

e - i
ngD—D5—172010—Oﬁ—20201D—Oﬁ—232010—06—262010—05—292010—07—022010—07—052010—07—08’2010—07—112010—07—14

- RS
| - (]

M analysis M producti M jobrobot reprocessin |21 production-merg
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Running jobs

30 Days from 2010-06-15 to 2010-07-15
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L E: It Hlogcollect E minbias-pythiag B gcd_ptl5-pythias [ sw_installatio
W merg t

Maximum: 45,982 , Minimum: 0.00 , Average: 16,719 , Current: 10,799
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Monte Carlo Production

* Successfully exercised for years * Productions:

* 64 Tier-1/2/3 sites participating .

* MC production preparation
started Summer 2009

* Multiple production validation .
cycle

Approx batch slot usage 400,000,000

58 Days from Week 26 of 2009 to Week 34 of 2009

300,000,000

200,000,000

2009-07-06  2009-07-13  2008-0720  2008-07-27 9-08-
100,000,000

0

Switched from 10 to 7 TeV
200M full MC events in 2 weeks

MC for 900 GeV and 2.36 TeV
collision

Mostly "Data-like” MC production in
2010 (MinimumBias & low-Pt QCD)

MC in 2009/2010: Simulated Events per Month

B Events, total ~2.3 Billion RAW events

January 2009 May 2009  September 2009 January 2010 May 2010

Markus Klute, MIT ICHEP - July 2010
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Summary and Conclusion

* CMS Distributed Computing Model has proven very successful

* Able to cope with load in all sectors

* (Rare) backlogs or service problems w/o impact on physics
* CMS Computing is truly a distributed system

* Excellent performance of sites with start of LHC operations
* CMS Offline project reached steady state

* Provides stable and highly efficient software
* Not operating in resource constrained environment

* Total data volume still small
* Allows very fast turn-around fo incorporate new software, calibration and alignment

*  Will change this Fall and is a new challenge!
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