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Abstract

The role of the Central Trigger Processor(CTP) in the
ATLAS Level-1 triggeris to combineinformationfrom thecal-
orimeterand muon trigger processors,as well as from other
sources,e.g. calibration,and to make the final Level-1 deci-
sion.The informationsentto the CTP consistsof multiplicity
valuesfor a variety of (electron,gamma,tau/hadronand jet)
transverse-momentumthresholds,and of flags for transverse-
energy sumthresholds.Thealgorithmusedby theCTPto com-
binethedifferenttrigger inputsallows eventsto beselectedon
thebasisof menus.Differenttriggermenushave to beconsid-
eredfor differentrun conditions.In orderto provide sufficient
flexibility andto fulfil therequiredlow latency, theCTPwill be
implementedwith look-up tables and programmablelogic
devices.The trigger menuhandleris the tool which translates
the human-readabletrigger menu into the configurationfiles
necessaryfor thehardware.It storesseveralpreparedconfigu-
rationsanddown-loadstheminto thehardwareon request.An
automaticcompilerof the triggermenuanda prototypeof the
trigger menu handler have been implemented.

I. CENTRAL TRIGGERPROCESSOR

The CTP receives trigger inputs from the calorimeterand
muon trigger processors,and other sources,e.g. calibration.
This trigger input consistsof encodedmultiplicity valuesfor a
variety of electron, gamma, tau/hadronand jet transverse-
momentumthresholds,andof flagsfor transverse-energy sum
thresholds.TheCTPcombinesthesevaluesbasedon a trigger
menu containing individually prescalabletrigger items. The
CTP [1,2,3] makesa Level-1 decisionby taking the OR of all
trigger items,addingdeadtimein orderto prevent thedetector
front-end electronics from reading overlapping events and
buffers from overflowing. The Level-1 acceptsignal is sentto
thedetectorfront-endelectronicsusingthe timing, triggerand
control (TTC) system.

Thetriggermenuconsistsof a setof trigger items.Thecur-
rentdesignallowsamaximumof 96 triggeritems.Eachtrigger
item is definedby a combinationof trigger objects,a mask,a
priority to select betweenthe two complex deadtimealgo-
rithms and a prescalingfactor. The combinationof trigger
objectscanbecomposedof a singletriggerobjector a combi-
nationof trigger objectsusingthe logic operationsAND, OR
andNOT, or a combinationthereof.A triggerobjectis defined
by aconditiononatriggerinput,requiringthatthetriggerinput
be equalto or greaterthana certainvalue.In mostcasesthis

simply correspondsto a requiredmultiplicity value.The cur-
rent designallows a maximumof 128 bits of trigger inputs.
Otherconditionson the bunchcrossingidentifier or the LHC
turn counter, andgatecriteriasuchasa generalvetoandprior-
ity for thedeadtime,canbeincluded.An exampleof anexcerpt
of a trigger menuis given in figure1. The trigger objectsare
written as triplets of inclusive multiplicity value, trigger type
andthresholds,e.g. “1MU6” meansan inclusive singlemuon
triggerwith a thresholdof 6 GeV. “EM” standsfor electromag-
netic clusters and “XE” for missing transverse energy..

Figure  1: Example of a Trigger Menu (Excerpt)

Differenttrigger menusfor differentrun conditionshave to
be considered:menusfor phsyics,cosmicray andcalibration
runs; menus for high-luminosity and low-luminosity; and
menusfor the initial commissioningphaseandfor stablerun-
ning. The trigger menuusedfor the CTP can and will often
change from one run to the next..

Figure  2: Central Trigger Processor

In orderto provideflexibility andto fulfil thetiming require-
mentfor theLevel-1 trigger, theCTPdesignis basedon look-
up tablesand programmablelogic devices, seefigure2. The
look-up tables (LUT) are implementedwith static random-
accessmemories(SRAM). The programmablelogic devices
are implementedwith both field-programmablegate arrays
(FPGAs)andcomplex programmablelogic devices(CPLDs).
The FPGAsarebasedon SRAM technologyandcanbe pro-
grammedeasily and almost as many times as desired.The
CPLDsarebasedon electricallyerasable,programmableread-
only memory(EEPROM) technologywhich allows themto be
programmedin thesystem(in-systemor in-situ programming,
ISP)afew thousandupto afew tenthousandtimes,;depending

1MU6 mask = ON, prio = LO, scal = 1000
2MU6 mask = ON, prio = HI , scal = 1
1EM20 AND XE20 mask = ON, prio = LO, scal = 1
...

calo

muon

other

DAQ

LUT
Prescaling

TTC

CMB
OR

CTP Level-2

DT



on their type

II. TRIGGERMENU HANDLER

Theuseof programmablelogic deviceshasmovedtheprob-
lem of modifying thefunctionalityof a givenhardwaresystem
into theareaof software.Differentconfiguration1 files will be
generatedfor the differenttrigger menus.They will be loaded
into thehardwareof theCTPtogetherwith otherconfiguration
parametersneededfor thefunctioningof theCTP. Theflexibil-
ity to handlemany different trigger menusrequiresfast and
reliable generation and loading of the configuration files
belonging to a trigger menu.

The trigger menu handlerdealswith information for the
hardwareconfiguration,thetriggermenu,andtheCTPrunning
parameters.The hardwareconfigurationdescribesthe internal
hardwareof theCTPandwill notchangeafterthedesignis fin-
ished,exceptin caseswhenthe wiring of the trigger inputsto
theCTParemodified.Thetriggermenudefinesa setof differ-
ent trigger itemswhich arelogical combinationsof the trigger
inputsto theCTP, someinternalsignalsandsomegatecriteria.
Thetriggermenuhandlergeneratestheconfigurationfiles nec-
essaryfor the functioning of the look-up tablesand the pro-
grammable logic devices. The CTP running parameters
compriseall otherparametersnecessaryfor the functioningof
the CTP.

The trigger menuhandlerhasto performthe following dif-
ferent functions, which are schematically shown in figure3:

Figure  3: Trigger Menu Handler

• Thecompilertranslatesthetriggermenutakenfrom therun
configurationdatabaseinto the configurationfiles required

by thehardware2. This compilationwill mostlikely have to
be donein several steps,including proprietarycompilation
tools which are dependenton the hardware chosenfor the
CTP.

• Thedatabasemanagesa pool of differenttriggermenusand
their relatedconfigurationandotherfiles. Operationsto be

performedinclude the creating,copying, and deleting of
trigger menusas well as selectinga menufor subsequent
operations, e.g. compile and load.

• Theloadertakestheconfigurationfiles for theselectedtrig-
germenu,addsotherconfigurationparameterswhich donot
requirecompilationof the triggermenu,suchasmasksand
prescalingfactors,and loads the files and parametersinto
thehardware.Thiswill mostlikely requiretheuseof propri-
etarytoolsandmight bebasedon standardbuseslike JTAG
and/orVME. Theloaderis alsoresponsiblefor updatingthe
run-parameter database.

• The graphicaluser interface(GUI) combinesthe different
functions mentionedabove and allows the user in stand-
aloneoperationeasyaccessto thetriggermenusandthedif-
ferent operations on them.

III. PROTOTYPE WORK

A prototype implementationof the trigger menu handler
wascarriedout in orderto testtheprincipleandto investigate
the issuesinvolved.Anotherpurposeof the trigger menuhan-
dler at this stageof thedesignwasto provide thepossibility to
easilygenerateandtestdifferenthardwareconfigurations.The
mainissueof theexercisewasto automatizethecompilationof
a trigger menu and to investigate the flexibility that can be
achieved.Themainpartof theprototypeimplementationis the
actualcompiler. The databaseandGUI are implementedin a
rudimentaryway to provide a frame for the compiler. The
loader is not implemented as there is no final hardware yet.

The prototypetrigger menuhandleris basedon the trigger
menuimplementationpresentedin reference[4] whichusesthe
exampletrigger menupresentedin the Level-1 TDR [1]. The
menuis anexampleof a rathercomprehensive menuusing86
out of 96 possibleitems,including many redundantitemsfor
monitoring and trigger efficiency calculation.The hardware
configurationusedto developthecompileris basedon11 look-
up tablesand2 programmablelogic devices.Otherconfigura-
tions can be foreseen,in particularone in which the trigger
inputsareconnecteddirectly to thecombinatoriallogic devices
without using look-up tables. For the programmablelogic
devices, CPLDs from Lattice SemiconductorCorp. [6] were
chosen.Otherdevicescouldbechosenin which casea partof
thecompilerwould have to bemodifiedin orderto usediffer-
ent proprietary tools.

A. Compiler
Thecompilerof theprototypeimplementationis targetedat

the CPLDs of Lattice SemiconductorCorp. Compilation is
actually achieved in three different steps:

1) The compiler programtranslatesthe trigger menu from a
text format into register-transferdescriptionsof the combi-
natorial logic devices using VHDL.

2) Thesynthesizer, LeonardoSpectrumfrom ExemplarLogic,
Inc. [7], synthesizestheVHDL codeto a gate-level descrip-1. In this paperwe will usetheword “configuration” for theprogrammingor

configuration of SRAMs, FPGAs and CPLDs.
2. Thecompilercanalsoprovidefiles for functionaland/ortiming simulation
of the hardware.
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tion using gatesfrom a technology-dependentlibrary. The
output is a netlist file in EDIF format.

3) The place-and-routetool, ispEXPERT Compiler from Lat-
ticeSemiconductorCorp.[6], takesthegate-level netlistand
placesandroutesit onto the chosendevice (ispLSI5384V-
125LB388). On output, it generatesa configuration file
(“fuse map”) for the in-systemprogrammingof a device in
JEDECformat. It further generatesa VHDL and SDF file
which can be used for functional and timing simulation.

A file for usewith themake utility waswritten which com-
binesthethreesuccessivestepsandautomaticallyproducesthe
configurationfiles from thetrigger-menutext file. For thesyn-
thesizerand the place-and-routetool, “batch” versionsof the
tools areusedwhich do not requireinteractive input, but con-
tain the necessaryinformation in project files and command
line options.While for thesecondandthird stepsof thecompi-
lation proprietarytoolscouldbeused,andin caseof theplace-
and-routetool hadto beused,for thefirst stepa compilerpro-
gram had to be developed specially for this purpose.

Thecompilerprogramfirst parsesthetriggermenuandcre-
atesa list of all trigger items. The combinationsof trigger
objects(AND, OR, and NOT) for eachtrigger item are opti-
mized using a heuristic approachin order to minimize the
numberof trigger objectsused in eachof the combination.
Then,the hardwaredescriptionis parsedandlists of all input
signals,look-up tables,combinatoriallogic devices and their
connectionsarecreated.Whenall thenecessaryinformationis
available the programloops over all the trigger objectsand
finds the correspondinginput signalsor look-up tablesignals
anddecideson thecodingschemeto beusedfor eachof them.
After that, the trigger itemsarepartitionedover the available
combinatorial logic devices. Finally, for each combinatorial
logic device, VHDL codeis producedby looping over all the
trigger items and their correspondingtrigger objects. The
sourcecodeis mostly written in C with somepart written in
C++. It usestheGNU flex utility for lexical scanning,theGNU
bisonutility for syntacticalparsing,andtheC++ standardtem-
plate library for container objects.

B. Database
For the databaseof the prototypeimplementation,a very

simpleapproachwaschosen.Thefile systemof theCERNIT/
CE server is usedto houseall thenecessaryfiles for thediffer-
ent trigger menus.Eachtrigger menuresidesin its own dedi-
catedsub-treeof directories.On the highestlevel of this sub-
tree thereare the trigger menu,the hardwareconfiguration,a
descriptionfile, and the log files from the different stepsof
compilation,aswell asall theotherfiles necessaryto perform
the actualcompilation(e.g. the file for the make utility). The
individualconfigurationfiles for eachof theCMBsarein sepa-
ratesub-directoriesof this tree.Thesesub-directoriescontain
all the necessaryproject files for the different compilation
tools,aswell astheVHDL, theEDIF andtheJEDECfiles for
each of the CMBs.

Accessto atriggermenuis simplyachievedby navigatingin

the directory structure. The different trigger menus are
accessedasdirectoriesat the top-level. No informationon the
relationshipbetweenthedifferentfiles is storedotherthanthe
factthatthefiles residein thesametriggermenudirectory. Sta-
tusanddescriptionof a triggermenuarewritten into adescrip-
tion file, but no consistency checks are performed. No
authenticationmechanismis implemented.Similarly, a logging
mechanismfor theoperationscarriedout on thetriggermenus
is not implemented.For the final database,a history of opera-
tion will be important.

This implementationis only a very simpleexampleof how
thetriggermenuscanbeorganized.It wasnot thefocusof the
prototypestudy. Integration with the run configurationdata-
basewill have to be defined.Issuesof dataconsistency and
accessauthenticationwill becomeimportantfor the final sys-
temwhenthetriggermenuswill beaccessedby differentusers.

C. Loader
The loader is not implementedin the prototype because

there is no final hardware to load the configurationfiles to.
Independentof this prototypestudy, testswith a CTP demon-
strator [8] have been carried out. The demonstratoruses
CPLDsfrom ALTERA [9]. TheJAM playeris a programpro-
videdfreely by ALTERA which canbeusedto loadconfigura-
tion files into ALTERA devices using the Bitblastercableor
JTAG port. A scriptcanbewritten to specifyall thenecessary
configurationfiles and options of the JAM player program.
Thesetestsshow that the loadingof configurationfiles canbe
carriedout from a processorphysically closeto the CTP and
that it canbe automatizedandcarriedout in a programmable
way.

Like ALTERA and the JAM player, Lattice also provides
codeto load configurationfiles into their devices.The codeis
availablein C andC++ andtakesa JEDECfile which it loads
into the CPLDs using the JTAG serial bus. This codecan be
usedto write a programsimilar to the JAM playeror canbe
integrateddirectly into any othercontrolprogramfor theCTP.
For thefinal systemthecodecanbeusedto communicatewith
theJTAG controlleron theCTPusingtheJTAG port or via the
VME bus. A script or programcan be written to choosethe
necessaryconfigurationfiles, theoptionsandcontroltheactual
loading.

D. Graphical User Interface
For the prototypeimplementationa very simple GUI has

beendeveloped,which is shown in figure4. It consistsof a
main window (upperleft) anda messagewindow (lower left).
Also shown in the figure is a trigger menu (right).

The main window shows a list of available trigger menus.
This window allows creating,copying anddeletingof trigger
menus.This shouldalsobetheplacewheretools like compar-
ing trigger menus can be installed. The messagewindow
receivesmessagesof all operationsbeingcalled.Pop-upwin-
dows show if an operation was a success,or if an error
occurred.



Fromthemainwindow a triggermenucanbeselected.The
statusinformation, including the descriptionfile and the log
files from previouscompilationscanberead.Theselectedtrig-
ger menu can be edited, compiled and loaded (not imple-
mented).

TheGUI prototypeis implementedusingTcl/Tk andscripts
for thecompilation.For thefinal systemscriptsfor theloading
will have to be added

IV. CONCLUSIONS

Automatichandlingof trigger menuscanbe achieved.The
prototypeimplementationof the trigger menuhandlershows
that therequiredflexibility canbeobtained.Thereis, however,
adependenceonproprietarytoolswhichareusuallyusedin the
form of scripts.Mostof theelectronicdesigntoolsprovidedby
vendorsof combinatoriallogic devices or by other vendors
have thepossibilityto run themin “batch” (asopposedto inter-
active) mode.A pool of trigger menuswill be preparedand
compiled independentof the running of the experiment.The
configurationfiles will be storedin the databaseof the trigger
menuhandlerandwill bepartof therunconfigurationdatabase
togetherwith thetriggermenus.Whentheuserwantsto starta
run he will have to selecta trigger menu,add the parameters
which do not requirecompilation,andload the preparedcon-
figuration files and the parameters into the CTP.

Openquestionsare the detailsof the CTP hardwarearchi-
tectureand the modificationsof the trigger menuwhich will
have to be expected.The existing trigger menucompilerwill
beusedto investigatethebestarchitectureandto choosecom-
ponents.Differenttriggermenuscanbedefinedandtestedwith

differentoptionsof thehardwareconfiguration:with or without
look-up tables,with or without masksandothergatecriteria.
Thetestswill becarriedoutby usingsimulationincludingtim-
ing informationfor thecombinatoriallogic devices.Thesimu-
lationcanberepeatedfor differentcombinatoriallogic devices.
In that caseminor modificationof the compilationscriptsare
required.

The prototype implementationconcentratedon the actual
trigger menucompiler. Loader, databaseand GUI are imple-
mentedonly in a minimal way in order to provide a working
environment.Thesewill have to be improvedfor thefinal ver-
sionof thetriggermenuhandler. Theactualtriggermenucom-
piler will be improvedto includewriting of thememorytables
for the LUTs, to include optimization of the partitioning of
itemsover the combinatorialdevices,to cleanup the depend-
ency of thedatastructuresandto improve theerrorhandlingof
the parsers.

The trigger menu loaderwill be developedonce the final
hardwareis available.Theconnectionto the run databasewill
be definedand developed in collaborationwith the ATLAS
dataacquisitionsystemdevelopers.Thedatabasefor thecom-
piled configurationswill be part of the ATLAS run database
andwill includeauthenticationmechanisms.Theloaderwill be
under control of the ATLAS run control system.
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