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e Trigger and Data Acquisition
— Main principles
— Challenge at LHC

e Trigger and DAQ

— Logical model

— Main elements:
e Baseline
e Selection criteria
 Industry involvement

e Conclusions
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Trigger

Tracking Electroragnetic Hadron Muan
chamber calorimeter  calorimeter chamber

&

photons

Multi-level trigger system

Reject background

Innerraost Layer., ———————— .. Outermost Layer Select most interesting collisions
Reduce total data volume
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Data Acquisition (DAQ)
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Trigger & DAQ logical model
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Transient Data &
Storage (TDS)

Detector
Digitizers

Front-end Pipeline/Buffer

Readout Buffer

Detector Data Link (DDL)

Sub-event Buffer
Local Data Concentrators (LDC)

Event-Building Network
Event Buffer
Global Data Collectors (GDC)
Storage network
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Trigger & DAQ logical model
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Trigger @ LHC

®

# Trigger Rate First Rate
Levels Level Trigger To MSS
(Hz) (Hz)
ALICE ==~

g | 4 6x103 200

3 10° 100

2 10° 100

3 106 200
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DAQ @ LHC

Event Readout

Size (HLT input)

(Byte) (Events/s.) (GB/s)
Pb-Pb  5x107 2x103 25
pp 106 2x103 10
pp 106 10° 100
pp 2x10° 40x104 4
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QA Mass Storage @ LHC

Readout Data archived
(HLT output) Total/year
(Events/s.) (MB/s) (PBytes)
ALICE == B,
N (i Pb-Pb 200 1250 2.3
pp 100 100 6.0
CMS pp 100 100 3.0
LHCDb
pp 200 40 1.0
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LHC Challenge
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Trigger & Timing distribution

¢ Transfer from TRG to electronics
= LHC clock 40 MHz ,._}CP

m TRG decisions é
¢ One to many | ‘
¢ Massive broadcast (100’s to 1000’s) u-}CI> $

¢ Optical, Digital O
m HEP development
m HEP-specific microelectronic components
m Industrial production

¢ Future
m Higher clock
m Larger number of destinations

L
-804
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LHC Trigger & Timing distribution
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Detector & Readout Data Links

¢ Interface and data-transfer detector/DAQ -
¢ Point-to-point | =

¢ Massive parallelism (100’s to 1000’s) <|> ) %

¢ Analog: HEP-specific components \_|
.

mASIC (Radiation hard) or FPGA (Radiation tolerant)
mFiber Channel or Gig. Ethernet: 1, 2.1 or 2.5 Gb/s
mIndustrial production ~

¢ Future

mOptical component and
FPGA for 10 and 40 Gb/s

sDWDM up to 1 Th/s

Digital -
mHEP developments based on commodity components :[t ‘%

\ 4
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Links Adapters

Adapter for 1 or a few links to PC 1/O bus y

¢

¢ A few-to-one C ) D %
¢ "N
¢

Massive parallelism (100’s to 1000’s) >

Physical interface realized by | "P"
=  Commodity Custom chip <|> %
m |P core (VHDL code synthesized in FPGA) "N
s HEP development
= Industrial production <‘> ‘ ?“
¢ Future: I/O bus evolution

\ 4
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Link and adapter performance

* PCl and PCI-X busses
* No large local memory. Fast transfer to PC memory

200 MB/s sustained Readout over PCI

250
fu—q = = =

N
o
o

Total PCI load: 92 %
Data transfer PCI load: 83 %

150

100

Data rate (MBytes/sec)

a1
o

Lots of bw available.

Major fraction available to
end application.

o

10 20 30 40 50 60 70
Block size (kBytes)

o

—=— Data rate MByte/sec
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¢

Subevent & event buffer

Baseline:
m Fast dual-port memories

m Electronics racks are over
Extensive use of dual-CPUs PCs

Key parameters:
m Cost/performance
m Performance: I/O and memory bandwidth

Partnering for test of motherboards
(See talk of K. Schossmaier)

Future
m Faster memory clock
m  Wider data bus
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¢ Baseline:

m Function: fast dual-port memories and data
processing

m Dual-CPUs PCs

* Key parameters:
m Cost/performance

m Performance: memory bandwidth & CPU
performance

¢ Future
m Faster CPU clock
= Multi CPUs chips (3G, human I/O)
m  Wider data bus
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. Baseline:
m  Adopt broadly exploited standards (Switched Ethernet)
m  Adopt a performing commercial product (Myrinet)

. Motivations for switched Ethernet:
m Performance of Gigabit Ethernet switches already adequate
2 Thit/s of aggregate bandwidth
m Use of commodity items: network switches and interfaces
m Easy (re)configuration and reallocation of resources

* Partnering for test of network equipment

* Key parameters:
m Cost/performance
m Scalability

. Future: 40 or 100 Gbit/s network
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Ethernet NIC’'s Performance

+ Gigabit Ethernet .

= New generation of PC motherboard CP %
includes 2 Gbit Eth ports N

+ Active market with several players
¢+ 3Com, Broadcom, Intel, NetGear )

+ Fast evolution since 3 years =$
+ BW: from 50 to 110 MB/s
’ A

CPU usage: 150 to 60 % v

+ TCP/IP Offload Engine (TOE)

+ Dedicated processor to execute IP stack

+ 10 Gigabit Ethernet
+ Up to 700 MB/s I 4mmm

4,,}

O Q
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Scalability of network-based event building

DATE COLE EQUIPMENT A.AT, 1 MB events, 21 LDCs
1600.00
1400.00 o ¢ ¢ ¢ M
¥ 4
1200.00 '
1000.00
I 800.00 /|
600.00 //
400.00
200.00 //
0.00 H—H+HHH+HHH
0 5 10 15 20 25 30 35 40 45 50
# GDCs
 Large integrated tests (Data Challenges)
* Reliability and scalability of the whole system
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Performance of network-based event building

| Total MBytesRecRate I

1800 F= e .................... ..... . ___ ............ ME‘}PEIEEFIE::HﬂlE

13:[&]%5!.] ul'a2 |:1ﬂln

5 days non-stop
» 1750 MBytes/s sustained (goal was 1000)
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Transient Data Storage

.

¢ Transient Data Storage

¢ Before archiving to tape, if any :r: .
¢ Baseline

m Storage arrays of commodity disks )

m Box attachment: Fibre Channel >

m Disk attachment; IDE or serial-ATA
s RAID-level -

¢ Partnering for test of equipment
(See talk of K. Schossmaier)

¢ Key selection criteria:
m Cost/performance
= Bandwidth/box )

m Robustness v
) ]
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¢ Infinite storage at very low cost
¢ 1 realistic solution: magnetic tape
¢ Critical areas

= High Energy Physics peculiar use of tapes

m Infrastructure hidden by a hierarchical
storage management sw

= Limited market, different application
= Limited competition, no real alternative

¢ Demonstrated solution for LHC
m 15 parallel streams

Total MEy‘tesFIecHate

230

00+

N f\m M r\ MBylesRecRate
2501
2001+

150
100+
50

0 I ] j j ] j i ] i
06 or oa o9 10 " 12 13 14

day
1407 06 Dec02 14017 13/ De /02

M Eytes sac
LI |
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Permanent Data Storage (1)
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Tape Drive
STK 9940A

STK 9940B

P. Vande Vyvre - CERN/PH

10 MB/s

60 GB/Volume
SCSI

30 MB/s

200 GB/Volume
Fibre Channel

Tape Library
Several tape drives of both generations

33
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DAQ Software Framework

¢ DAQ Software Framework
m Common interfaces for detector-dependant applications
m Address all configurations and all phases from the start

¢ DAQ Software

m Complete ALICE DAQ software framework in 3 packages:

e DATE:
€ Data-flow: detector readout, event building

€ System configuration, control (1000’'s of programs to start, stop,
synchronize)

e AFFAIR: Performance monitoring
e MOOD: Data quality monitoring

m Production-quality releases
m Evolving with requirements and technology = home-development

¢ Keyissues
m Scalability (1 to 1000, demonstrate it)
m Support and documentation
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Data Flow - DATE

= RUN Control [=1a=] SD [=)a
File View Options Windows - LDC status dlSp lag
LDC name thed0001Idc thed001 3ldc thed0030ldc thedD0371dc
DA — Run Control NI . o 5
Evtes recorded rate 40162 M 41.203 M 41.938 M 40,163 M
Evtes in butfer C1192% M 1195% |C 1168% M 17193% 2 1192% M 1154% C 1187% M 119
MNumber of events 10453 10462 10457 10450
DOMAIN: divia23073
Events recorded 9616 9625 9§20 9813

Data Taking

Configuration ‘ | || Run Parameters ‘ | || Ready to start
i i | Stop run |

Show | Show | M Run AutoStart |

W Autoset GDC |

Evtes injected 31'031'205'136

29'141'663' 264

31'057'322'836
29175752364

31'043'079'636
29'154'336" 36

a1'022'239'216

Evtes recorded 29140450912

@ Recording Enabled
W AFFAIR W EDM
1 ALIMDC _| HLT

RUN NUMBERE : [1785 DAQ Logic Engine Status : |RUNNING

Info: [Run 1785 running|

Trace Fri 13 11:07 Run 1785 running

Clear Fri 13 11:07 Run number saved on fdateSiteAdc/t gurationFilesfrunHumber.config J
Fri 13 11:07 Starting run 1785

Debug ||Fri 13 11:07 * Message from thed0029gdc: TRACE STOP_PROCESS: EVB 3223 has been killed as r

Fri 13 11:07 * Message from thed0029gdc: ACTION End of run requested with error
[FEER | Fri 13 09:10 * Message from thed0049ldc: ERROR file fdatefrunControl/LinuzicheckProc.sh problem

Bigger | Fri 13 06:05 Run 1784 running
I-Fri 13 08:05 Run number saved on fdate SiteAdc/c Humt

gqurationFiles/r .config
| Smaller | [

TOUTETETOO0T -~

11:21an wup 78 days, 22:29, 1 user, load average: 1.73, 1.69, 1,62

90 processes: 87 sleeping, 3 running, 0 zonbie, 0 stopped

CPUO states: 2.0% user, 50.5% systen, 1.2% nice, 46,1% idle

CPU1l states: 3.0% user, 75.3% systen, 2.0% nice, 21,0% idle

Hen: 384356K av, 374564K used, 9792K free, 3020K shrd, 147540K buff
Swap: 1044184K av, 26364K used, 1017820K free 152456K cached

U
PID USER PRI MI SIZE  RS5 SHARE STAT XCPU HMEM TIME COMMAND)
g i 2644 1 1.0 de

Readout SOR/EOR phases |0 a a 0
Recarder SOR/ECR phases |0 a a 0
i~ | ]
GDC status display
GDC name thed0003gdc thed0004gdc thed001 4gdc thedD0O1
Events received 4924 5170 5435 3505
Events recaorded BZZ 634 673 432
Evtes received 14'586'026'344 15347910144 16167 256'396 1042866l
Evtes recorded 14'392'096'256 15175'728'576 159832005332 10'259'64"
Ewvent builder SOR/EOR phases |0 1] 1] 0
Status FULL FULL FULL
| = -
EDM status display
EDM name thed0015edm

wakeUpld received  |(nhinRun:10442)
(nbinRun:10442)
(nbinRun:10454)
(nbinRun:10464)
[0]:00040000 [1]:00000100

3414 26 2941 50 51 64 65 74 75 96 97

maxiakellpld
lastThresholdSent
lastUpperBoundSent
edmbdask
Excluded

MI SIZE RSS SHARE STAT XCPU HMEM
1 .0
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Control - DATE

E ' t
System .
e T | Electronics
STOPPING_EVE 1 Hecoring Enabied —I
STOPPING_ALIMDC | Aftair on
WAIT_ETOPPED
STORPED R
RESETTING | E———
lLoc (72}
ROT_RUNNING
STARTING
STARTING_EDMC
STARTING RECORDER
STAFTNG_READOUT [START_PROCESS THEDOUZTLDE_READOU
[START_PROCESS TOEDOIAOLDC READOU
e T T
SToPPING-SHM, RSCORDER [START_PROCESS TOEDOOOSLOC_READOU
STOPPING_RECORCER [ETART PROCESS THEDOISZLOC READOU
STOPPING_SHM_EDMC =
WAIT_STOPPED
STOFPRD
RESETTING

LDC

¢ DATE software
m  Operator console
m State machines
m  Control of distributed system

1

[ Event Building Network }

¢ Home-made development based on
free software

[ Storage Network
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Performance Monitoring - AFFAIR

[ CPUKle [

15
g C o poaldsd

Detector F ———— hoale
Electronics F

Plots

LDC el ¥ X T T E
DATE
4>
performances
[ Event Building Network Robin DB DIE . -
¢ Home-made H I
development B
P GDC for Web ROOT I/O
* Based on free erformances
software P
\g_m; SNMPOUt ) -
[ Storage Network - pe
[ DS tj] Web browser | CASTOR performances
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ALICE MOOD - Data Quality Maonitor (Wser ozqur)

Eile Edit Miew Options [nspect Classes MOOD Help
‘ MOOD framework \ﬂle Number Which Holds T he MaximumADCVeIuol
m |nterfaces to detector code

m  Software development in all
institutes

¢ Applications:
s Raw data integrity
m Detector performance

|Ewnt Size Distribution

g u
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Data quality monitoring - MOOD

Event: "377"

Timebin: 0-1000
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’ Conclusions

« TRG and DAQ for HEP: huge performance needs

e Hardware

— Needs achieved with moderate budget by intensive
usage of commodity equipment

— Special needs (higher performance or special
environment): home-built development
« Large software development

— Home-development:
« Special applications
o Flexibility
* Involvement of institutes
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