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Trigger/DAQ (TDAQ) System Overview



ATLAS Detector

pp collisions @ 14 TeV and L=103* cm3s!

il

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr electromnagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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ATLAS TDAQ System
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computer
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ATLAS TDAQ Strategy

Calo/Mu (TRG) Other detectors
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Dataflow System



Dataflow Architecture

‘UDP / TP

- data requests and data replies
‘UDP / IP multicast . iz coson
- DFM clear messages

“TCP / IP

- data flow commands

‘Possibly TCP / IP everywhere

SFI_DFM_EoE
SFI_DFM_FlowControl
DFM_SFI_Assign
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Hardware Installation Status

Component Current Final
RoIB 1 1
L2sV 2 12
L2PU node See XPU ~500
DFM 12 12
SFI 63 63
SFO 5 5
EF node See XPU ~1800
ROS 153 153
XPU ~850 ~850
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Region of Interest Builder (RoIB)

Assembling Regions of Interest (RoI) information from LVL1 into complete
data structure and delivering to L2SV

A 9U VMEbus system with SBC, clock board, input boards and builder

boards
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Readout System (ROS)

ROBIN

* CPU: Uni-proc 3.4 6Hz Xeon

 RAM: 512 MB

*  Network: 2 of 6 GbE for data collection
* 4 Readout Buffer Input (ROBIN) cards

RoI request rate per ROS at 1033 cm-3s-! Current ROS performance with optimization

S 12 _ | |
z
E 3 KHz EB 2 GBE links 100 kHz L1 rate
S 10 3 ROLs per L2 request Optimized system| |TCP/IP only
- 30 ~— 200 _
3 = \’\‘\\‘ 180 =
[} ~ T ~
= & g |25 ———y /'/. + 160 £
[i4 o 5
% 20 * e + 140 3
e k]
° g N\i»\ P + 120| €
o *\“7 ‘\.’ g
® 115 /./' \ 100| =
4 ﬁ '/A oy 1 g0 “G_J
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T [
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= —e— Bandwidth (default) Lo
0 0 f f 0
MDT < Electromagnetic calorimeters > TRT SCT 0 100 200 300 400 500
g «—> <+—> Event fragment size (words)
Muon trigger Hadronic Pixel
chambers calorimeters
E— E—
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Level 2 (LVL2)

L2SV distributing RoI (LVL1 results) to L2PUs

L2PVU running LVL2 trigger algorithms seeded by RoI
L2RH providing LVL2 results to EB process

~ L2SV/L2RH

e (N i e

HLT Farms

i

PCI interface with 4 custom link inputs

| RunCtriStatistics.L2SV-SUM.IntervalEventRate

« CPU: AMD Op'l'er'on 252 suouoi— Wmm * 31 nodes/rack
2.6 GHz s0000 * CPU: 2 x Intel quad-core
* RAM: 2 GB 40000; 2.50 GHz

F ~ % ° :
* Network: 1 of 2 GbE for **°: 4 L25Vf, ~10% acceptance RAM: 2 6B / core

200005 * Network: 1 of 2 GbE for data
data collection : collection

* 1 Filar card in L2SV 3

I T S O S T S T I T T I SR
023;00 00:00 01:00 02:00 03:00 04:00 05:00 06:00
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Event Builder (EB)

DFM assigning events to SFIs and sending clear messages to ROSs
SFI requesting data from ROSs and building the full event

' EB performance
DFM same hardware as L2SV -
th
8 [ UDP w/o EF o
s
* CPU: AMD Opter'or' 252 ;10000__ TCP w/o EF Q
2.6 GHz 4 na % o TCP w/ partial EF %
iy 7 | >
il - RAM: 2 6B 2" 2 a0l A
f| 8l - Network: 2 of 3 GbE for E’ i
- ]
iR data collection g o
4B - CPU: 2 X InTeI Xeon dual-cor'e < -
306Hz., {,Iv, - >0
12 - rAM: 8 6B OUJ ¥ o
% . Network: 4 of 6 GbE for -
data collection 20y
® _II\||\||||||||||||\||\II‘\IH|HI\‘HH‘\II\|I\II
94 SFIs . 00 10 20 30 40 50 60 70 80 90 100
[+ 1 6 MB event size #SF| Applications
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Event Filter (EF)

Same hardware as L2PU
Event filter algorithms accessing full event

=2
L=
=
=)

5000

4000

Throughput (MB/s)

3000

ELimiT due to the installed bandwidth
- —
EBLimited { EF Limited

2000

1000

IIII|IIII|IIII|IIII|IEIIlIIIIlIIIIlIIIIlIIII
10 20 30 40 50 60 70 80 90

#SFI

* 27 EF racks, 2 GbE links/rack, 30*8=240 processing units/rack
» Limits referring network limit
- EB/EF performance scaling with the number of racks
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Data storage

* Data (passed EF) written into files on SFO and asynchronously transferred

to the mass storage at Tier-0
+ SFO reading/writing in three different filesystems to maximize the throughput

- SFO providing sustained I/0 rate of 550MB/s (target 300MB/s) with peak
rate >700 MB/s

- CPU: 2 x Intel dual-core
2.0 GHz
- RAM: 4 GB
- Network: 4 of 5 GbE for
data collection
- 3 RAID controllers
- 500 6B X 24 disks

AGGREGATE TRAFFIC

1000

WA, T T A

[}

o]

Traffic (MBytes)

o]

(=]
Week 22 Week 22 Wesk 24 Wesk Wesk

Min Avg Max
B Input Load 41 .17 u 2.10 =T B

Bl OCutput Load 18.21 u Ze0. 22 854 .32
Time periocd: Fri Aug 1 12:50:00 20008 -- Mon Sep 29 12:50:00 22008

Pattern: .*513.*--sw-data-sfo.*
Port peed : {"1ec": 1%}
1 files Tound: O missin [=] Z9-Sep-2008 14:16: 20
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Online Configuration and Control



Online System

6raphical User Interfaces

Process Manager

Inter Process Communication

Run Control Recovery System

Resource Manager | | Test Manager

Diagnostics & Verification

Farm Tools

OKs
XML

OKS Server

OKS Archiving

Config

CORBA Middleware

Data Access Libraries

Remote DB server

Common libraries

Message Distribution Error Reporting

Log Manager

i
RDBMS
Run No Service -

Access Manager

Jinlong Zhang 05/14/2009

.2:%”\% g{



Online Configuration

Providing configurations for TDAQ and detector descriptions
Accessed by ~25K online processes
Archived for offline access and analysis

QS schema editor

Repusitory of . Partitrion |
text editors @ Maker
Persistent object manager (OKS) s ! gmconng ¢

/N
i read” % eveloper
ObJeCt da"'a mOdeI X/ sch_"'.--'dm'... I:’Ht"‘L generatimd G
» XML files as persistent storage %:- =

»+ GUI tools for changes OKE dal D*“*L J"
- Remote access (CORBA based)  ise
- Abstract API layer with plugins RDB

\ ca::rrﬁg
- online
scarifig processes
rdb-:mﬂg
rokscontig
OKS Archive ("’/?

a u-"-_

/7

(RDBMS)
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Online Control

- Coordinating for applications (~25K) in data-taking session
- Software operating over dedicated network

x

File Commands Access Cohtrol Tools Settings Help
539 Pantition ATLAS F=afedq WS 05 & & o o

Co nTroI softwa re ch i I i?ies Run control LAr C]Ilhnunn’/Mlnlgnr | Lar v/ control | Titecal | TeC F’lrxmzmls | Tec status |

LicCalo Trigger | SCT Supervisor TRT [ BeM [ LAr Online Monitor | Larcrates
LR EERAOIL FUTE _ Run Control Run Parameter | MRS | DataFlow

* Frocess manager e | e . e

pe-tdq-onl-19 APPLICATION STATUS

B
T
I

RUN CONTROL STATE

Terminate Initialize
« Run Control S
Stop Start

- Diagnostics & verification |~ = .

Run Information

* grror recovery sys1'em

BUSY STATUS
FAULT STATUS

] COMMAND JoINAPP

Tite 0

RPC-Controller
T
MDT
Lucid
LucidDdcController Debug Level €

Mo|
CcT
RT
D
LAr
GC

publish state | | publish st

Run number 87764

LA I N O R R A R

Lumi block. 6
Recording Enable 0 __su debug level
Run Start Time  10/09/08 09:25:06

Run Stop Time

Total run time 01:24:12 Membership Recovery commands

Number Rate oy
Level 1 64513 10 Hz ®IN

ignore error
Level 2 54518 10 He
restant

Event Builder 64520 14 Hz o out
Event Filter 54406 9 He Kin
Recorded Events 64422 9 Hz

Status | Informa

ns | Commands | Infrastructure

B &

105316 Bl ROS_TRT-BC-01 ROSException T(;";;HJ‘SW request for fragment with L1 ID 3657433155 -~ 389 similar messages supp |, last occurrence was at 2008-5ep-10 ||
105295 DR el ROS_TRT-BC-0L ROSException Tm;e;lu;gm request for fragment with L1 ID 2556769813 -~ 369 similar messages suppressed, last occurrence was at 2008-5ep-10
10:5222  WARNING  TileGNAMApplica.. gnamtilesDecodeError Error decoding (LBALL | Empty data (XTI

105213 DR el ROS_TRT-BC-0L ROSException T(;"Sgsuizm request for fragment with L1 ID 3456106528 -- 439 similar messages suppressed, last occurrence was at 2008-5ep-10 | |
105142 IR el ROS_TRT-BC-0L ROSException Tm;e;ug! o reauest for fragment with L1 1D 3255443214 - 379 similar messages suppressec, last occurrence was at 2008-3ep-10
105111 IR e ROS-TRT-BC-0L ROSExcention nge;uégm request for fragment with L1 ID 3238002712 -- 359 similar messages suppressed, last occurrence was at 2008-5ep-10
10:5035 WARNING  ROS-TRT-BC-01 ROSException IE“SEKD)M Jn request for fragment with L1 1D 3137339413 -- 399 similar messages suppressed, last occurrence was at 2008-5ep-10

10:50:26  WARNING  TileGNAMApplica.. gnamtilezDecodeErtor Error decoding (LBALL : Empty tata (Oxffriffif)
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Online System Evolvement

Audit
- Formatting, archiving and analyzing messages
Security

- Access control and role assignment

Fault Tolerance

- Problematic components handling and recovery
Scalability

- Re-implementing or optimizing components
Operability

- Shifter friendly interfaces and tools
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Online Monitoring

- Complex and diverse requirements on data quality and system

performance monitoring
- Analyzing event content
- Analyzing operational conditions of hardware and software for TDAQ and detector
- Software framework and tools handling massive information

Online monitoring services
Information Service (IS)
Online Histogramming Service (OH)
Event Monitoring Service (EMON)

Monitoring facilities
Gatherer
GNAM

Monitoring presenters
Online Histogram Presenter (OHP)
Trigger Presenter (TriP)
Operational Monitoring Display (OMD)
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Monitoring software components

C] Configuration files
(P> Plugins (C++ code)
70 Job Option files

:

>

1TH/T1A1/QOY :MO|4 D4DQ

L
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Trigger Presenter (TriP)

+ Presenting trigger information z®

- Trigger rates N
- Algorithm chain information

- Farm status
- Reflecting status with color co

[RRTYE pewrTRw.
LVL2 History

= >
= i~
T T

Total output rats (Hz)
=}

Total output rate (Hz)

=
T

VLY

3

@

-

-

L
16:00:00
tima [g]

\ ) SN swe RN LV FARMS (VA ——
| LVLZ L2_tau35i_xed0 History | »
§ WE
:‘5: 400 MESSAGE FOR THE SHIFT: Restart the application
% 30
5
O 300
250
200
150
100
50 |§|
oEn I . . . . . . . . )
07:00:00 08:00:00 09:00:00 10:00:00
Time
Step Descriptior Acceptance | e e Run start: 13/10/08 15:34:12
1 input Rate 73.261 (L ShowSrep Tistow Runstop:  13/10/0815:34:12
2 Stepl 60.057 tatus: In progress Date and time: 13/10/08 17:20:09
g:{ep § ::';;g Mode: Calibration Luminasity block (s) 60
tep z
5 |Prescale 43.007
6 |Forced Accept 43,007 Close

d
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DQMF (Display)

*  Producing DQ status by automatic checking histograms with predefined
algorithms

- Storing DQ status in condition database

+  Showing overall DQ status for subsystems

- Showing DQ status in geographical view of detector components
+  Showing detailed monltorlng mformahon

& 1

v |

e
PR e
EREERRRRR RS

i

=l
HESEESRERSRERSESEER
SafafnRalntataatalaia S
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Integration, Commissioning and Early Operation



Strategy

- Growing the TDAQ system
- Exercising on the testbed continuously for years
- Installing and testing the final system incrementally

- Commissioning the TDAQ system

- Emulating data source
Generating events by subsystem internally
Preloading simulated events
Replaying cosmic events taken with detectors

- Performing technical runs
Deploying subsystem functionalities
Improving subsystem performance
Performing stress tests
Accumulating operation experience

+ Integration with detectors
- Continuous support for detector installation and commissioning

- Invaluable feedback on the functionality and operational aspects of the
system
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1st Full Chain Integration

Ran the full trigger chain with RPC+ LVL1 (muon) + RoIB + LVL2 + EB

Triggered cosmic ray at 30 Hz (RPC setting) in LVL1 and ran pass-through
mode in LVL2 to record all events

Selected downward muons with LVL2 algorithm
Stored accepted events after event building

Feb 2007

. Entries il :} 22’_ Eniries &l
- = o P | =
: 20_ Mean 0.03448 E C Mean -1.668
& 18 = 200
R RMS 03257 E RMS 0.4128
14 165
c 14F
12 E
r 12
i 10~
i 8-
6 6F
ar 4f rrl_UI
2+ 2
B et T T ﬂ'?l...|...J._Iu.ﬂ.|....|....|....|
QQ; 22 -1 2 3 -3 -2 -1 0 1 2 3
l‘Imu rack mion k
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Integration and Commissioning

* Regularly used for cosmic data taking and integration runs with detectors
* Improvement on functionality, stability and reliability

* Continuous cosmic data taking (Aug 1 - Oct 31 2008 except beam time)
* ~ 550 million events, ~1 TB, > 600 k files

Cosmic events recorded and processed by ATLAS since Sep 13, 2008 AT
LI L) LS L L L L | L I T | ENNN B | LI =

El : T l T T LI | LI L T | T T | | I I:
g 220 — | e Sum of RPC, TGC, MBTS L1 Triggers 216 million events - 5
€ 200= | — RPC Triggers (L1) 3
= C [k - Bottom '‘Downward' RPC Triggers (L1) =
= 180 — | 16e Triggers (L1) =
t 160 — | == Min. Bias Scint. Triggers (L1) —
g 140 = | =——— Calorimeter Triggers (L1) =
bt [ | == Inner Detector Track Trigger (L2) =
S 120 EM Calorimeter Triggers {L1) 3
| L= =1
e el R = & 2 =
B 100 B itns bt e B =
E T Last updated: Mon Oct 27 16:04:45 2008 3
S 80— —
=z = =

60 — = ]

40 — — &
0= — =
0 = =t e e o o o o T AT

0 5 10 15 20 25 30 35 40

Days passed since Sep 13, 0:00
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TDAQ at Low Luminosity

10°

10% =

i :

LHC startup luminosity expected to be ~10%! cm-2 s-! with less bunches
ATLAS commissioning the trigger and detector systems, and studying the basic

Standard Model physics signatures

A trigger menu (103! menu) deployed by applying low thresholds, loose
selections and pass-through mode wherever possible

The 103! menu continuously exercised in the installed TDAQ infrastructure with

simulated data (TDAQ technical run)

- Full system with preloading simulated data into ROSs

- Validation of all aspects including trigger algorithms

LVL2 Processing Time

Entries 6.120699e+07
Mean 135.8
RMS 102

for low luminosity

il

UONTRIANL,
800 900

1000
time[ms]

EF Processing Time

107 Entries 1475290

- Mean 260.9
10 % RMS 252.1

10 &

10

ST I R BRI SR SR PN IR
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time[ms]
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Beam on Sep 10™ 2008

tertiary BPTX
collimators @ 175 m

1
40 m ®

LHC going step-by-step: stopping beam on collimators, re-aligning with
centre, opening collimator, keeping going

* Splash event from collimators for each beam shot
ATLAS relying on small radius triggers with well defined cosmic timing
(LVL1 calorimeter trigger and Minimum Bias Trigger Scintillator), starting
timing in Beam Pickups (BPTX, the timing reference) rapidly to trigger on
through-going beam
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TDAQ for 15t Beam

- TDAQ system (was) ready for 15t beam

« 130 ROSs, 4 L2SVs, 120 LVL2 nodes, 74 SFIs, 450
EF nodes, 5 SFOs

* HLT running but no rejection

y — VALK -
ke e

\\’ m \n(w ( &(\7\ 7‘;\_
Wy M
UL b T ,;IJ,

http://utlas.ch

first beam event seen in ATLAS

A L ;
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Summary

¥ The three-level ATLAS trigger architecture and
highly distributed DAQ system have been deployed

v" A large fraction of dataflow components has been
installed and commissioned

v" The online system has been implemented to meet
the challenges

v" The monitoring tools have been developed and are
being widely used

v The TDAQ system is continuously being used for
detector integration and commissioning

v The TDAQ system (was) ready for the 1s* beam.
We will have beam (again) in 2009

Jinlong Zhang 05/14/2009 @







Hardware Status

GROUPS

Gameways
WebServer
CF3s
ACR

= SCR

XPU

PRESERIES

# SBC
PUB

= DCS

# SWITCH
OTHERS
TOTAL

. show hosts

TOTAL ONLINE OFFLINE comments
3 3 0 pc-tdq-xpu-0125, pc-tdg-xpu-
5 0126, pc-tdg-xpu-0127, pc- tdg-xpu-
1 1 0 0128 reserved by sysadmins for
3 3 0 testing nagios/mysql
20 19 1 configurations.
29 24 5 pc-tdg-xpu-0129 reserved by
1291 1250 41 sysadmins for testing active
""""""""""""" a6 444 o directory

25 25 L] pc-tdg-xpu-0109 to pc-tdg-xpu-
31 31 0 0114; pc-tdg-xpu-0098,117,121 are
154 154 0 reserved [Memory upgrade].
%] % ] pc-tdq-mon-29, 30, 32 are reserved
5 5 0 for MFS 4 periormance tests.
12 12 L]
2 2 ] Refresh Interval: 3 minutes
842 BO7 35
111 105 L Last Updated on: September 21, 2008,
157 149 8 7:12:43 pm
12 11 1
19 15 1
108 104 4
57 55 2 ATLAS TDAQ SYSADMINS
1700 1637 63 et i

Email. atlas-idag-sysadmins

Ticke! atlas-1idadg-sysad mn-usarte ket

A
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Ne‘rwor'k

* 2 x ForcelO E1200

« 2 x ForcelO E600 - 6 blades x 4 optical 10GbE ports
- Up to7 blades * 2 blades x48 copper GbE ports . Fopce10 E600
630 GbE ports total * Up fo 14 blades * Up to 7 blades
336 GbE ports @ line speed 1260 GbE ports total 630 GbE ports total
672 GbE ports @ line speed
* Control network P P ﬁ36 GbEdpor*s e
. Run Control * Data network ine spee
- Database - LVL2 traffic * Data network
* Monitoring sampler - EB traffic - To EF
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DCS Architecture

BACK-END

LHC Global Control Stations (GCS)
Dss5

i

|
Magnets COoOoL D t Alarm o
Services L intarface t rfar: system

A T anmn
|
|

[ { Local Control Stations (LCS)

e e
s i e

FRONT-END
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DCS FSM Operator Interface

i ATLAS ===
TS Al
o ‘i oo Q)
|_ ad! B . R TIR I TR TR o
00710 [ 1007, 224 W
i R DR o8 PR A E
PV oo | oo [ :
R T
sCT S warranc =
= s
BE TS Parlifons Intrastruciure
LAR o o -
™ T PIX evar s s L
e e f_—‘E - IDER&CKE LY | RAEATY = (o]
s ; - ﬁ . B IDE AACKS LT
e - o | Pumaces !
e y _._._.u":"'l-:d [ sor macks | B
EXT -] L. (] 1
ToE ] om | g THY Astks .

: __ READ
[ 15 LA G|

ATLEAS

MDT DAREEL A AEADY ."\f HIOT BACKS AEADY  »

TER
EHDCAP A b ]
EHDOAP D HEADY %

[ npcsoea | AEAGY SfoET S |
[ nrcsoec | meane eijoel] 2
e
C8C
CIG

LW OTF
LW AECENERS) e

EXT
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HLT Requirement

LVL2 EF
Full System Full System
Input 100 KHz Input 3.5 KHz
~500 nodes ~1800 nodes
K; 200 Hz per node 2 Hz per node
-
&’ Current Hardware Current Hardware
8 L2PUs / node 8 PTs / node
~40 ms/event per L2PU ~4 s/event per PT
(Data Collection+Processing time)
gl) ~2% of data Full Event
n ~1.5 MB
(=)
st
)
/A
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HLT and Offline Software

HLT Data Flow Software ] HLT Selection Software
—'________,' Framework ATHENA/GAUDI
Event Filter HLTSSW / = Reuse offline components
— = Common to Level-2 and EF
Processing
Task ...
...... o L
...... _ | Megerno
.......... ] HLT Algorithms
L2PU o
Application [ .
I v o HLT
_ﬁ . Manage ......................................... ..;:_rmgﬂﬂthms
ROB Data| ~uf| I & ot .
Collector [~ | ! = \t 5 taﬁ ' | L
! vent Da MetaDat
; Model 0O Service
i 3
A ! i —
: ] R .
s<import->  =<import== <<import== ‘:‘:'miﬂﬂﬂi’:’ Offline algorithms used in
N i | EF I
_.-‘- .= i COULUIIEE DD E ..____._..--"".-_
"""""""" 1 ) -\:,f [T N ]\l" .-Z
Athena EventData | | Reconstr. Package
i < StoreGate Model Algorithms
""" Gaudi ) . —{)» Interface
Offline Core Software Offline Reconstruction
- Dependency
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HLT Concept

LVL1

- Algorithms are executed based on Lt Emss |

trigger chains i step number

Chains are ac1:|va'red based on S Cloesoot| L2 gooe 1 (calorimetry)
result of previous level = # S g
 Each chain is divided in steps 3 o) 2 (tracking)
*  Each step executes an algorithm T
sequence (one or more algs) L2.e60 \ L2 g60 | 3(identification)
+ A step failed to produce an T T
expected result ends the chain W o _
) W EF e6ocl | EF_g60cl 1 (calorimetry)
* Any chain can pass the event # ) #
' EF_e60id | |EF geoid | 2(tracking)
" EF e60 | ‘ EF g60 | 3 (identification)
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Region of Interest (RoI)

* LVL1 identifies Regions of
Interest (RoI) defined by (n,®)

 The average number of RoIs
per event is ~1.6

* LVL2 performs selection with
data along the RoI path (~2%
of full detector)
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