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o Introduction
ATLAS trigger
ATLAS trigger software project

o validation
ATLAS nightly build system
automatic testing and monitoring

O new developments
trigger software validation dashboard

O summary
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ATLAS Trigger: Overview

1. LVL1 decision based on
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Data recording 3. Event Filter has access
to full event and can
perform more refined
event reconstruction
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ATLAS Trigger & DAQ Architecture
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ATLAS Project Dependencies

| Sirline offline

U - Proposed but not yet implemented

Inner Detector

R
C~
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Trigger Software Project

O project details:

AtlasTrigger project size
developers: ~100 gger proj

number of packages: ~250 Language files blank comment code lines
distributed over many build XML 300 1594 1405 1234724
projects: PetCommon, _AtIaSEvent, C++ 1651 60225 39194 232603
AtlasConditions, AtlasTrigger. Python 996 22110 20055 80010
ysis

C/C++ Header 1892 29852 38813 66338
o used for (http://cloc.sourceforge.net/)

online running at L2, EF - ~10% of full ATLAS software

offline development and
simulation for L1, L2, EF

Validation goals:

O requirements:
stable running on the online farms
o ~16800 cores

deliver high quality software for
stable online running, while
o run period of ~12 hours continuous evolution of trigger

. . . code is expected to improve
Stable running for offline studies . :
and MC production on the GRID trigger operation and performance
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¥ Code Development during Cosmic Data Taking

HLT online releases and events recorded in 2008
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Wolfgang Ehrenfeld

Trigger software deveiﬂpment

>250 packages, >100 developers
Complex software environment

Strict time and memory requirements

Software functionality
& performance validation
: For online use in real time
= "W‘I And offline simulation & analysis

Online framework integration

Tests in realistic environment
before online deployment

Online running
Filter complex event topologies
Select 5 events for 10° collisions

Performance monitoring
Online in real time
Offline verification & analysis
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ATLAS Trigger Validation Group

o trigger validation group:
~40 members from different trigger areas (L1, L2, EF, different slices, steering)

main focus on daily validation: shifts of 4 hours/day for 1 week
o monitor release status
o locate problems and bugs
o submit bug reports via Savannah
o daily status for developers, release coordination and users

develop tools based on common ATLAS tools for easier validation work

o goals:
big picture: release
o ensure, that the trigger part of a release or cache is fully functional
small picture: package

o If a package fails (build, config, run time), identify problem and notify developer
via Savannah bug tracker

unify validation (frame)work within trigger community to save man power

o why?
developers scope for testing is limited (code compiles and runs, some tests run)
integration with other packages (within AtlasTrigger and from other projects)
some problems only show up after processing a large number of events
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ATLAS Release Structure

o structure for given release line:
Base release, e.g. 14.2.25
Production cache: mainly bug fixes needed for MC production (GRID)
TO cache: mainly bug fixes for data taking (P1) / first reconstruction (TO)

o current release lines:
MC production
cosmic reprocessing
External package validation, e. g. Geant4
development for data taking

o validation needs to ensure correct
release or cache built
run time configuration
run time execution
physics correctness
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provided

NIghtly COntrol System (NICOS) %

SIT
Ave,
# # Ave, Test
Nightly Title Latest Rel. Build Date Copy Kit Failed
Platforms |Projects Success( % )
Builds
|MAJDR NIGHTLIES
15.X.0 6 10 rel_1 done 03/16 07:41 done* rel_1 34 54.8
| 15.X.0-PEN | | ‘ 10 |1‘el 2 |d0ne |03.|'16 15:57 |N!A |N!A ‘0 |NJ"A
|]5.X.D—VAL |4 ‘]O |1'el 1 |done |031’16 10:17 |done with errors |N!A ‘(}.3 |6l.‘?
|BUGFD€ NIGHTLIES
| 15.0.X |2 ‘ 10 |1‘el 1 |done : : : : -
[150X-vAL 2 o |t [dome Entry page to nightly build system:

PATCH NIGHTLIES * list all active builds (release, caches)

14.2.0LD.Y -Prod I I rel_0 done | ® SUMMaAry of build status
14.2.0LD.Y-VAL-Prod || I rel_0 done |03f16 00:19 |done |rel_0w ‘-:} |N!A
14.5.2.Y-Prod 1 ! rel_1 done 03/15 23:03 done rei_1 @@ o 66.0
14.52.¥-VAL-Prod | 1 rel_1 done 03/16 05:33 done rel_1 ] 58.0
14.5.X.¥-Prod | 1 rel_1 done 03/16 11:51 done rel_1 ] 83.0
EPIPIVINESN P P et s i ban1g 07.18 done rel_l 0 85.0
Build full ATLAS software every night: ITER = e 1@E o |ss0
* list build status per package and project |14 done L 1@@ o [s70
* run unit tests after package build done et IR o A
« run full tests after project build l6:51  |done e @@ o 140
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NICOS — Project Summary

Summary of project build:
* list all build combinations

_ build status : :
« summary of build status failed builds
(packages)
|.l'||.|:lU 0 LT ke ILNNL |JEJ 1 |‘UUJ.J. |‘u1u|‘llE rF o e |UUJ.J.E |'U'JJ' LWy WA ~t.2 |'U' l |"|'.£.
i686-slc4-gee34-dbg rel_1 |done |done |& & & done |03/16 13:35 |1 39
iB86-slcd-scc34-opt rel 1 |done |done |« & & done |03/16 12:29 |1 e |45
ibB6-slcd-secd3-opt rel 1 |done |done |4 . .4 done |03/16 0828 |1 . 19
AtlasTrigger
iﬁEﬁ—s]sﬁ—EccB—'t—npt rel 1 |done |done |u & & done |03/1520:42 |7 25
1'1‘531‘5—.[ c5-osced3-opt rel 1 |done |done |u & & done |03/16 05:33 |7 15
xB6 [ﬁ4—s]c4—ﬂcc34—npt rel 1 |done dm‘ i d 4 done |[03/1607:34 2 15
[ /I [ [ [ [ [ [ o = [ 4
architecture (32/64 bit),
operating system (SLC4/5), test status successful
compiler version (3.4/4.3), tests (fraction)
compiler optimization (opt/debug)
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NICOS — Package Build for AtlasTrigger

Integration+Unit tests results (click for details or cumulative results)
passed: 12+4 failed : 67 +1

PaC kag e Stat us: %, FCT(by AID), and AID post-processing c!

* built status (compilation,
library build, auxiliary files)

{d results for individual packages. Sorted by:

® dependency CheCk B first build order containers names
* unit test
Package Name Container Build :E::tckreq ;_I::t Manager(s)
X ONA NA
TrigMuTag TriggerTrigAlgorithms Jd  NA N/A In case of prOb|emS
TrigmuFast Trigger/TrigAlgorithms 3 NA N/A automatic notification
AtiasTriggerRelease N/A & N EAlY | to package managers
AnalysisTriggerAlgs PhysicsAnalysis/AnalysisTrigger Q@ NA N/A (developers)!
AtlasTriggerRunTime N/A @ IA N/A
DQM Core External @/ NA N/A
IDScanHitFilter Trigger/TrigTools © NA N/A
dependency check: run unit test:
only on dedicated builds not widely used
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provided

AT Night Testing (ATN) ;

1T

ATN allows to run custom jobs with full project framework on O(10)
events: test run time behavior
technical validation:
o run time, e.g. accessing null pointers, infinite loops, ...
o configuration (python based): missing or broken run time configuration
regression test: is the code doing the same as before
automatically run after project build finished; standalone running possible

o common infrastructure supplied by trigger validation group
configuration and runtime environment
available tests: regression tests on log files and histograms
collection and presentation of status information

o developer needs to supply:
job configuration for test job
hooks for regression test; fill monitoring histograms
references

o enough information available to easily find and diagnose problems

o sometimes too much information for all available releases/builds
meta summary needed
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ATN — Test Results

Test | Athena |Error |Reg. Exit |Post |Dir.

Test name Rootcomp |Time(s) Log link
script exit Msgs | tests code |cmd |link
AthenaDBConfigRDO OK |OK FAIL ||OK [[N/A 195 32/32  ||N/A|dir | [ail] testAthensDBConfigR DO test.log
MISMATCH
AthenaModernBS_standalone OK |[OK OK OK Lp_l— 201 610 N/A||dir | |[ail] testAtheniModemBS standalone test.log
s
MISMATCH
AthenaModernRDO OK |[OK OK OK Lp_l— 1034 |60 MUAC||dir | |ail] estAthenaModemR DO test.log
s
MISMATCH
g [tail] pestAthenablodemB DO blackholes test.log
[ps]

AthenaModernRDO_blackholes OK FAIL |EAIL [T ||[1539 |[230/32 |N/A

/ MISMATCH
OK

AthenaModernRDO_full OK 0K OK - |2 6/0 MNAA|dir | Lail] estAthen aMedemB OO full test log
MISMATCH
AthenaModernRDO_full no_Bphysi Iog flle OK OK [ [294 6/0 MNUA (i il e M i sics test.log

I
-]
]
=5
=

B
|
|

|
B

regression test — .
%\O_ MISMATCH

AthenaModernRDO_full no_Bphysics_no_prescale UK  |[OK K 272 6/0 MN/A|dir
[ps] N
MISMATCH - )
AthenaModernRDO_full_no_prescale OK ||OK OK OK [ps] 274 % NAA|dir | [il] estAthenaMiodemR DO full no prescale test.log
5
) MISMATCH c
AthenaModernRDO_full_triggerL ast OK ||OK OK OK [ps] 564 4 hlstogram cdemR DO full test log
5
MISMATCH I
AthenaModernRDO _lumi0.01 OK |[OK OK OK r 212 i Comparlson odemR DO lumi001 test lop.oz
5
[ | [
| _ . | .. | |msmaTch NA
— E— * = = = - DK [ps] 262 6/0 MUA||dir | |[tail] testAthen iModemRDO lumitu0l no Bphysics test log
. . 5
regression and histogram tests ey
. . DK | 69 60 [N/ (dir el . .
essentlal to CheCk expected behaVIOr — LEI = — testAthenabodemB DO lumill.0l no Bphysics no prescale test|og
I MISMATCH
before release deadllne DK [_p_l— 240 6/0 N/A|dir || [tail] testAthensMedemR DO lumiL0] ne prescale test log
5
I I I I I
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ATN — Meta Summary

Show builds: #1530 o 18 % (1 A7AT

e quick overview of release status (release coordination)

Trigger

Trig

* time dependence over the nightly build cycle (7 days)
e comparison between different releases, e. g. dev and devval

Present most information from single ATN test in a compact way:

rel 6

(=9

AthenaModern AOD_rerunHYPO

AthenaModem AODwoAOD_TrigNavSlimming

AthenaModem AODwoAOD_TrigMNavSqueeze

AthenaModem AOD_TrigDecTool

AthenaModem AOD_TrigDecTool _fixed ADD

AthenaModem AOD_TrigEDMCheck

AthenaModem AOD_TrigEDMCheck _fixed AOD

15.X.0

15.X.0-VAL

15.X.0

15.X.0-VAL

15.X.0

15.X.0-VAL

15.X.0

15 X.0-VAL

15.X.0

15.X.0-VAL

15.X.0

15.X.0-VAL

15.X.0

traffic light for quick overview

OxX2

OxX2

one click: access |
to full details [

onn
0X3 DX2 0X3
DX33 E
Oerrors in log
Unknown Reg test differences
O exilcode
S test summary|
o] Summary log file 000
Checklog file
0X3 Directory with results
Tail of log file
000 ail of log i oo onn
Complete log file
0X3 0X2 000 XXX
oon
0X3 0DX2 DX33
oo [LLIKT] oo [LLINI] oo
DX2 000
DX2 DX33

summary of exit codes, errors, regression test

Wolfgang Ehrenfeld

ATLAS Trigger Software Validation

16/25




provided

> See talk by B. Simmons:
Run Time Tester (RTT) Ald 1d 140: 26.3.2009, 15:20

1T

o RTT allows to run over O(1000) events in an automated process
similar to ATN for every nightly build and releases
accumulate higher statistics

o histogram based physics validation 40k minimum bias events:
o find run time problems with rare conditions 1 sec of data taking
memory monitoring 1k top pair events:
CPU time performance * multi purpose sample
floating point exceptions Other Speciql samples
redundancy e e. g. B physics

o results, log and intermediate files (configurable) are available on
the web

O tests
part of ATN tests are run in RTT
additional tests, which doesn’'t make sense on O(10) events
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Memory Monitoring

o any kind of memory leak has a significant effect on the total
memory budged.:

L2 example: 500 nodes a 8 cores, 75 kHz - ~20 events/core/s
1 GB/core installed, ~800 MB/application needed - 200 MB margin

o 1byte > 20 B leak/s > ~70 kB/h -  ~1 MB/run(12h)
o 10 byte - ~10 MB/run(12h)
o 100 byte - ~100 MB/run(12h)
high input rate and long online time makes any memory leak a problem

- memory monitoring is essential

o aim:
L2: memory leak below 10 B/event
EF: memory leak below 1 kB/event
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Memory Monitoring

TriggerTest
Total memory usage

and per event leak

Show builds: | 14.5.X.¥-VAL [+ dev |~ devval

Test Build rel 0 — rel 4 rel 5 rel 6
: dev 2459M/7.7 22960/ 6. 3}4/248 s/7.6M X X 2489M/7.6M 2488M/7.7M
Combined test - black-hole events
devval 2297 M1 230 ? 24800M/7.7M X X 24560M/7.7M 24030M/M14.3M
d 7 : Real Virtual
Combined test - default menu ev _ | testAthenaModernRDO_lumi0.01 | ___ealmemory __||__virtual memony _
devval 1717M/316.0k & Mean 501.8 | | Mean 501.3
d 1801 M/56.8k o B Eg‘s 12372+s;.§ ] ::ds 1479+2383
av /56.8k @ +2. + 3
Combined test - full menu - E. 1600 p1  0.01609+ 0.00453 || p1  0.01394 + 0.00495
devval 7 © B _
d M/g.4k g N 4
=0 175394k @ - i
Combined test - mem.leak check - % 1500
devval 1720M/6.3K @ - -
172906, 3K E - \ =
dev X £ \ 7]
< 1400 N

slope: 14.3 kByte

Combined test - with default lumi1E31 menu
devval € 1479M14.3k @
dev lemory graphj

ElectronSliceAthenaModemnBRDO - single e

devval PerfMon resulis [xt] 1300
dev PerfMon resulis [pdf] B
LVL1 only test - default menu Job log fild o B

L L
[

devval v
RTT result pngev‘_ 1200
4.
caching test - calo [All Memory graphs|——
de““‘"al status: succoes:

1100

done: 09/03/15 16:08) 9.6k - -

| — C ]

Access to memory pIOt | Post-processing: T O T T O N I N A

2 = = 100 200 300 400 500 600 700 800 900
D CubeR unner

| and all job information | itereerer Event number
Tevval  1550M/269.8k Yo 156BMI35.3K e X X 15857/MY275. 7K e 1557/MVEVS.TK @
lumHE31 1o Bphysics no prescales dev 1556M/274.4k @ 1553M/271.9k @  1570MV35.6K o X % 1583M/275.9k o X
. : devval 1550M/262.8k 7 1568M/36.6K = X X x 1557M/274.1k @
dev 11830M/26.3k & 1183M/29.7k e 1216M/25.1k e 1214M/26.5k @ 1212M/27.6k @ 1214M/26.6k o 12130M/25.3k &

testBjetSliceAthenalModernRDO

Numbers close to requirements, but tests are not purely online!
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CPU Time Monitoring

o If the average processing time per event exceeds the limit, trigger
dead time will increase and potential Higgs events get rejected

L2 jet trigger: p; > 20 GeV

title: TrigSteer_L2 sequence_ L2 _j20
normal plot

-> CPU time monitoring is crucial

v braneh: day bbb p-value = 0.000
.tIJ install: build ;{‘- p-valua =0.310
E emt - i6B6-sled-geedd-apt KE p-value =0.000

c

[}

o offline CPU time monitoring is
more difficult than offline
memory monitoring 12

event mixing - done in technical
runs last year

CPU specs - online 8
integration/cosmics

online/offline environment, e. g. I/O

o but afew things are possible 4

per algorithm monitoring
(normalization from online running)

coarse estimate (no stable test 0
environment with regards to CPU)

14| prejeet: AtlasPreduction
jobId: =

monitored

m raference

10

/

ey

%%ﬁlllII|II|III|III|III|III|III
60 80

40 100 120 140 160 180 200
time[ms]

N e AL

2009-03-15 18:43:53
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provided
by

Advanced Tools in RTT — DCube E

o clearly, single distributions are essential to pin down problems,
but a tool for automatic comparison is needed.:

- DCube (Data Quality Browser)

o Infrastructure for automatic histogram processing and
comparison, e. g. Kolmogorov-Smirnov, 2 or bin-by-bin test

color code for
easy readability

| TrigSteer EF ChainsTime

| TrigSteer EF LviConverterTime
| TrigSteer EF MonitoringTime
| TrigSteer EF ResultBuilderTime
| TrigSteer EF TotalTime

details / histogram Name: TrigSteer EF TotalTime Type: THIF
fOI‘ teSt monitored T

Underflowes 0 0

Bin=(x) a0
RS 1.90e+H11+4. 24 e-+10 2.07 e H1145.54e-+10
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Advanced RTT Use Cases

o RTT is quite a powerful tool for automatic job execution and
testing

o Ideal tool to extent validation to a broader area
test trigger related tools (e.g. DB upload)
test more physics related quantities (e.g. trigger counts)

o within trigger software validation there are 8 test packages:
general trigger test packages: TriggerTest, TrigAnalysisTest, TrigP1Test

special purpose test packages: TrigEgammaValidation, TriginDetValidation,
TrigMenuValidation, TrigMinBiasPerf, TrigTauPerformAthena

o examples:

TrigMenuValidation: load trigger menu from DB, run trigger simulation and compare
with results from trigger menu from XML source

TrigEgammaValidation: special monitoring of all ey related trigger variables (heavy
use of DCube comparison to spot small differences)
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Recent Developments — Dashboard

o interval of validity:

all information from tests in nightly builds (ATN/RTT) are lost after 7 days

(nightly build cycle)
information from tests of a full release build always accessible

o how to do long term monitoring?

o trigger software validation dashboard
collect test information for a long time scale using a database
visualize results in an easy way on the web, e. g. tables and graphs
advanced search and filter capabilities

O status:
small scale prototype developed and under testing for further

Wolfgang Ehrenfeld ATLAS Trigger Software Validation
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Trigger Software Validation Dashboard

Trigger Dashboard query interface

Fill the filters to start a new search:

var Mame Test Mame Felease Mame Initial Date
wmern-fik te
Platform Mame testAthenaModernRDC March v|/z009 =l
testithenaModernREDCtoi00
testAthenaModernRDOtaESDACD Mon Tue Wed Thu Fri Sat Sun
testCalosthenaModernRDO Seaich
testElectronSlicedthenaModernREDD
testMuonslicesthenaModernRDOD = < i . 3
testTauSlicedthenaModernRDOtaESDADD 9 10 [11] 12 13
16 17 18 1% 20
23 24 25 26 27
Query result 0 a1
E . -
Mun:— T T JF— 1‘; Today is Wed, 11 Mar 2009
3500 — change / \'..
- | T a—a
3000E, Failed / tot functi |
- | . . .
2000 — ]
. W x o full implementation in near future
1500 o L SS—— . . . .
5 T -> long term validation/monitoring
1000 — . . .
: / of physics quantities, e.g. trigger
500 —
oL il o rates
120 122 128 13lJ 132 134

day since 11/2009
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Summary

o the trigger software project is a substantial software project within
ATLAS providing online and offline trigger software

o thorough offline validation is an essential step towards achieving
a stable online running

o offline trigger software validation is done on a shift basis:
constant monitoring of the release status
prompt spotting of problems and developer natification

o offline trigger software validation is done by a group of people:

join efforts in providing common tools and infrastructure

relieve developers and release coordination from work load | Many thanks to the
ATLAS provided

o future developments and plans Software byL
achieve easy and maintainable validation process Infrastructure A

T
more focus on physics validation Team

although development will continue, See talk by F. Luehring:
can not sustain high effort during data taking Id 248: 26.3.2009, 16:50
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