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The ATLAS Trigger System

3-Level Trigger System:
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Readout buffers
(ROBs)
Event builder

~ 200 Hz

Full-event buffers
and
processor sub-farms

Data recording

1) LVL1 decision based on
data from calorimeters and
muon trigger chambers;
synchronous at 40 MHz;
bunch crossing identification

2) LVL2 uses Regions of
Interest (identified by LVL1)
data (ca. 2%) with full
granularity from all detectors

3) Event Filter has access to

full event and can perform
more refined event
reconstruction
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LVL1 selection

Calorimeter trigger Muon trigger
Pre-Processor Muon Barrel Muon End-cap
(analogue — E.,) Trigger (RPC) Trigger (TGC)

Jet / Energy-sum
Processor

Cluster Processor Muon-CTP Interface
(e/y, T/h) (MuCTPI)

/multiplicities of u for 6 p;

multiplicities of ely, t/h, Central Trigger
jet for 8 p; thresholds Processor (CTP) thresholds
each; flags for XE;, ZE; /,
E,™Miss over thresholds

CTP: trigger decision based on inputs,
deadtime, random triggers, bunch groups
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LVL1 trigger configuration

LVL1 trigger menu information for all LVL1 subsystems:
muon trigger chambers, central muon trigger, calorimeter
trigger, Central Trigger Processor (CTP)

example trigger menu:

A LVL1 trigger menu has a hierarchical stucture:

> A Trigger Menu (e.g. “lumi_01") is composed of tbew L
many ltems (e.g. “2J25+XE45") 2MUG 0.2
> A Trigger ltem is composed of some Thresholds (e.g. EM251 12.0
“ » 2EM15i 4.0
J257%) 1200 0.2
» A Trigger Threshold is composed of many Threshold 3J90 0.2
“ 4J65 0.2
Values (e.g. “E{=25, cone=4, n...=1.2, n,,=1.4, T ¥
@in=0., ¢ ,2,=0.2") TAU25+XE30 2.0
MU10+EM15i 0.1
plus extra information like: dead-time parameters, bunch-group Others 5.0
Total rate (kHz) ~25

definition, random trigger rates, prescaled clocks, prescales, trigger type
definition, jet input thresholds, ...

Configuration must fulfill hardware limitations, e.g. available thresholds,
number of allowed inputs, LUT configuration in CTP, etc.
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HLT selection and configuration

HLT strategy: refinement of TriggerElements (seeded from LVL1) in
stepwise processing, perform stepwise decisions

example of step-wise processing:

step 4 > isolation isolation
e30 +m £ signature
- intermediate
intermediate
step2 >  frack track

finding finding

ecand + ecand (‘Signature

intermediate
cluster cluster
step 12 shape shape

EM20i |*| EM20i | < LVL1 seed

HLT uses the offline reconstruction SW
framework ATHENA on ~3000 CPUs

parts to be configured:

1) HLT Menu: determines which
algorithms are called at which step
and which signatures need to be
fulfilled for accepted events

2) all configuration parameters of the
algorithms and services, called
JobOptions (JO), compatibility with
offline important

3) release information

< Consistency (with LVL1) important
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Requirements on the configuration system

« must store all information to configure the trigger

« selection will change with time (some very often)
- many versions of configurations

« must store all versions used and protect them

« must allow consistency checks (guidance) when
preparing new configurations

« must allow easy trigger operation for experts, shift
crews, offline users

« will be used for online trigger and offline trigger
simulation

« parts must be compatible with offline SW (Athena)
« must be available at the detector, on the GRID, ...
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Trigger Configuration System (schematic)

Data Flow:

offline user shift crew expert

\

TriggerTool

\

TriggerDB

v

R/O interface

DB population
scripts

<4 | compilers

Configuration
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~ System
offline
running

online
running

TriggerTool:

» GUI for DB population

 easy and consistent menu changes for
experts (LVL1 and HLT)

TriggerDB:

» stores all information to configure the
trigger: LVL1 menu, HLT menu, HLT
algorithm parameters (JO), HLT release
information

« stores all versions used, with a key

—> Configuration and Conditions DB

—>DB available at Point and replicated to
external sites

Retrieval of information for running:
get information by key via two paths:
« extraction of data in XML/JO files
« direct read-out

for both online + offline running
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TriggerDB Schema

« SQL database, implementation runs on

Oracle as well as MySQL

« Infrastructure provided by ATLAS/CERN-IT
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» Tables are external part of conditions

database
* Keys are stored as FKs in COOL

LV!_1 part

. HLT pa

K1

Ht2tt_triggee_thresnold_id
112t trig_thresh value id

11_trigger_treshold_vaie
K

hh_force_al

K ntdid

hed_dil_name
htd_setup_id

e to_cp

x| nstzepia

Fr2 e

FK1 | natzcp_sotup_id
_component._

Wggormers | g——
P | ites = v v v 4
1ps_name T L T_r0er_ypo *_oead W rarcom o n e
= 1 _proscaied clock Y P |t AT . i)
e e e oz o [baaia
o | P itpe id ity _namo 1t fhmo
pe_riggee_men. " P | tbgs it Tty varsion HE-version i i hee.name
B e ity e ratet 11mi_fw_pt i
- _version _name ity o1 e rate2 i uaeen
et - i1pe_slockt 11bge_version Tity_oaz e imarmamo i e 4 hoa_madited_time
eatisemerso H1pe_clocka bgs”use_ rame ity e moded tmo i fovnale s .
s modifind Hpe_username Hbgs_madited. tme 2 = vt orsafe o| [Pt | hpatrigger mem_ia
X Hpe_modified_time I1bgs_used ity mi e |
Hpe_used \ Ity bis
v i3
jiered o
11_ctp_fies 11ty username L prescale
_ctp. Titty_modifed.time ERNETE
Px i T Ity used
£ [ o i = FK1 | hpr_prescale_set_id
irigger_meni _name hpr_chain_counter
Hemaxi_etp_id Hef_version 1_bgs_to by n:r:pmciu
Heflut
x PK_[Ubgszzeid
Hef_cam
Hef_username FK1 | 11bgs2sg_bunch group_set 4
. FK2 | 1ngs20g_ bunch.group_
1_gger_tem e 11bgs2og_internal_numier
PK_[ttiid -
_namo
1 vorsion
I
i
Hono
" tigger_sep
PK_|umattid 1_tm_to_tt_forced T
FK1 | timan_trgger_throshold_a P [nmantia I e ===
FK2 | oman tigger_menus 16 Pk | bg20 aloe
B gemlgmel) rmekpikcRy B reos ek FK1 | 1bg2b_bunch_group_id s usemame il P ey
eatie motipic  unch_qroup His_madited. i vigges_sip |
Y
W ingoer oo
PK hits_to_to hit_tngger_slement
2 P b
, s [ mete_vigger st ¢
iz | szte rigges_elemen X
| & Alrvasin
Hio_mocifed_time
[
o
K [nezm o

hjezcp_ rigger_clement id

edes_component i
lozep_sotup._id

hjozep._ algoriihm_counter

FK1 | nta2to_triggee_slement_id
hte2t2_trigger_eloment_inp_id

trigger menu

PK [halid
neme.
hel_cmt_version
sermam
het_modified. time
sed
Y
hit_so_to_dl
PK | hsozal g
FK1 | hso2: urce_id
FK2 | hso2di_dI
"ol en

HLep_to pa

PK | hepzoaid

PK | haizen_snirenment_id

FK1 | hdizen_ail jd
hdizen_environment id

hit_so_to_py

PK | hso2py_id

K1

hep2pa_component_id

FK2 | hcp2pa_parametor_id
A4
hit_parameter

PK

hpa_modified_time

hps_used

algorithms,
jobOptions

FK2 | hso2py_source_id
FK1 | hso2py_property_id

hit_property

hprymodified_time
hpy_used

software
release




DB Population: TriggerTool

» TriggerTool is an interface to TriggerDB.
» central tool for:
 experts to prepare and change (LVL1 + HLT)
menus consistently (queries, automatic
checks, ...)
* restricted menu changes online (by shift crew)
« offline users to browse the DB (the menus)
and export information to files for
standalone tests
» covers online and offline use cases

Implementation :
* JAVA based stand-alone GUI
—> can be used on all platforms
» implemented for ORACLE and MySQL
« can access the TriggerDB from everywhere via
internet; password protected

| Menus | Items | Thresholds | Thresholdvalues | Nextrun | Others |
iteri elds for current ly selected menu:

File Mode

aaaaa
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CTP Menu Compiler

» Need to translate
 from high-level definition of the LVL1-menu in the database

* to settings e.g. for LUT, CAM, in the electronics

:‘I'riggerltem TI_ID="i1EM10"” mask="on" priority="low" prescale="1"> LUT Fil e C A\I Fil e

<TriggerCondition triggerthreshold="EM10"” mult="1" />

</TriggerItem>
0x00000000 Oxaaaaffff
<TriggerThreshold name="EM10” type="EM” bitnum="3"> 000000000 OxEEFEFEE
0x00000000 0x00000000 .
CggeTurshoavae tresolaval= 20" . (oo | | oomer) - Filles stored as
;m.m’llatt.'on;_ .,_,i_.', 000000001 p— CLOBs in the DB
O = 0x00000001 0x00000000
peranenguen N 0300000001 0300000000
phimin= “o™
phimax= “o"
etamin= w257
etamax= “0.0" />

<Cable name="Cable02">
<Signal range_begin="15" range_end="17"/>
</Cable>
</TriggerThreshold>

IPSC MSK -=— DT
| O

o
n
(=
I~
n
(=

L1A

CAM

160 256
PIT- =l . ..

(e.g. XML extracted from the TrigConf DB)

=
Registers can be set directly from DB values

XC2VP50 EP1S60

TYP P> |trigger type

JecoOOOON
O0O0e.cc 00000
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Population of the TriggerDB
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HLT JobOptions and release part: ]

Summary

important: get all JobOptions of all
algorithms, services etc. for a
certain release (offline uses Python
files, difficult to map to DB)

Tool to scan the release and
populate the TriggerDB
automatically with default values

foreseen to be done once per
release with checking of changes

after population, interactive e

changes of algorithm parameters

LVL1 part and HLT menus part:

« can (must) be filled interactively

» use of GUI to ease the operation:
TriggerTool

overlap with configuration of offline
reconstruction jobs

Hans von der Schmitt ATLAS Trigger Configuration
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Population of the DB - synopsis

) Al
TriggerTool 1
GUI
Job options
Python, or
captured in
TriggerTool "ToyLanguage"

consistency checks
(Java)

generator

(Python)
\\\ SQL
\

SQL

A

Offline + HLT
software
releases

C++
Y

Capabilities
parser
(Python)

xml
¥
software
[ capabilities J
~ |
xml xml

Capabilities
generator
(Python)

SQL

' \\*

LVL1 HLT
HLT
trigger job
menu options

‘ N
HLT

software
cap-

abilities

Trigger Configuration Database - Oracle or MySQL
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Data Retrieval from DB for running

reminder: two data paths for both HLT and LVL1, online and offline

|. extraction of intermediate files (XML, flat Python) from TriggerDB

« allows standalone tests for e.g. development of new menus

« tests of online trigger without interference with the DB

« using formats compatible with current simulation input files

« different formats for LVL1 (XML), HLT menu (XML), and
HLT JO (Python).

Il. direct read-out of configuration objects from TriggerDB

« the various clients contact the TriggerDB directly to get
their configuration objects (based on the CORAL package)

* to be used for the online running

« for production jobs on the grid (simulation, reconstruction)

one C++ abstract interface for both
‘ paths to be used online and offline

Hans von der Schmitt ATLAS Trigger Configuration
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Data Retrieval for running - synopsis

- LvL1 HLT HLT HLT
CTP software
compiler > trigger job cap-
menu options abilities
Trigger Configuration Database - Oracle or MySQL

file
extraction

/ 7 /

Python fil
N
abstract C++ interface (implemented with CORAL)

[
jobOptions / / \ \

menus, LVL1 config HLT config Athena config
parameters information information information
standalone simulation and
testing of trigger reconstruction
(Offiine) A HLT (Offiine)
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Results of first tests

» Software: read options of a trigger job from the DB and materialize

these into a Python set
« This resembles normal Athena library configuration
» Makes a few queries to the DB

» Used small testbed of six nodes running the HLT software
« Set up trigger job for LVL2 Muon |dentification on these nodes

* The six nodes configure correctly from the DB
« ~1 second total to access the MySQL configuration data

* Further investigations:
* Integration with HLT menus and LVL1
« Scalability (to be tested in the Large Scale Tests - end of 2006)

Hans von der Schmitt ATLAS Trigger Configuration
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Status and outlook

» Database schema
v' completed, minor changes ongoing in HLT part

» Population of the TriggerDB
v Scanning of release capabilities (C++ sources) in place,
including restriction of Offline SW to subset needed for HLT

v jobOptions for basic HLT menus in place (via manual process)
» More automation desirable for later (catch properties at exec time)

» TriggerTool
v LVL1 part in place
 HLT part partly in place, under further developement

» Data retrieval interfaces
v’ Path via file extraction in place
v’ First tests of direct path for HLT successful
* Direct path under further development
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