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Document Change Record

Table 1. Document Change Record.

1. Document Title: The event format in the ATLAS DAQ/EF prototype -1

2. Document Reference Number DAQ Technical note number 050

4. Issue 5. Revision 6. Date 7. Reason for change

1 0 01 Apr ‘97 Birth.

1 1 07 Oct. ‘97 General update of all sections.

1 2 20 Oct. ‘97 Muon sub-detector IDs changed at the request of S. Falciano.

1 3 14-Aug. ‘98 Add an offset to ROD trailer that indicates the relative order of
Data/status information. General clean-up. Appendix with an ini-
tial .header file and an appendix of an example use of the .header
file.

1 4 05-Sept.’98 Redefined last word of ROD trailer. Comments on sub-detector
ID’s from Philippe Farthouat. Comments from Jorgen Petersen.

1 5 15-Oct. ‘98 Tidy-up ready for release as ATLAS note
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1 Intr oduction

1.1 Purpose of the document

This documentdescribestheeventformatandits initial implementationin theATLAS DAQ/
EF prototype-1 [1]. The proposedformat is also the first stepin defining the final ATLAS
event format.

1.2 Overview of document

In section2 therequirements,function,purposeanda high-leveldescriptionof theeventfor-
matis given.In section3 adetaileddescriptionis given.Section4 presentsadescriptionof the
formatof a fragmentreceivedby theROBfrom theRODoveraROL andis aimedprincipally
at ROD designers.In section5 an initial implementationof the eventformat is presented.It
coversissuessuchas:sub-detectorIDs, framing informationand transmissionerrorson the
ROL.

1.3 Boundaries

Thisdocumentrelatesto theformatof datainto andwithin theDataFlowsystemandinput into
theEventFilter system.Thedefinitionof aneventformatfor eventsoutputfrom theEventFil-
ter is notconsideredto beanissueof theDAQ/EFprototype-1. Theframinginformation,nec-
essaryto ensurethe correcttransmissionof databetweenapplicationse.g.ROD-to-ROB,is
technology specific and therefore not part of the event format.

1.4 Definitions, acronyms and abbreviations

See reference [2].

2 General description

2.1 Requirements

Thissub-sectionlistsasetof requirementson thevariouscomponentsof theeventformat.The
categoriesof requirementsfollow the guidelinesgiven in [3]. Requirementscontainingthe
wordshallaremandatory.Thosecontainingthewordshouldarestronglyrecommended,justi-
fication is neededif theyarenot followed.Sentencescontainingtheword mayareguidelines,
no justification is required if they are not followed.

The event format shall fulfil the following requirements:

1.Theevent formatshall allow thesizeof anevent to increaseor decreasedependingon the
specific data taking configuration.

2.Thereshall be no minimum or maximum event data size implied by the format.

3.The event format shouldprovide informationredundancy to allow self consistency checks
of the event to be made. The consistency checks will be defined at a latter stage.

4.The event formatting information shall not exceed20% of the typical full ATLAS event
data size.
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5.The event formatshould be modular.

6.The basicunit shouldbe a fragment.Fragmentsare: datacoming from a ROD, ROB or
Read-OutCrate(ROC),all thedataassociatedto a singlesub-detectorandthedatainput to
the Event Filter.

7.The fragmentsshallhave identical structure and differ only in size and detail.

8.The event formatshould facilitate the identification of fragments.

9.The event formatshall provide an event header.

10.Theeventformatshallprovide theeventidentifierandtriggertypewithin theeventheader.

11.The event format shall provide a meansof identifying whetherthe event hasbeencor-
rupted during transmission within the DataFlow e.g. DMA time-out, truncation etc.

12.The event format shall provide a meansof identifying whetherthe event hasbeencor-
rupted due to hardware problemse.g. a bit stuck.

13.Theevent formatshouldnot demandadditionalcomputationby theprocesseswhich build
theeventformati.e. it shouldusedatastructuresalreadyexistingwithin theDataFlow appli-
cations.

2.2 Function and purpose

Theeventformatdefinesthestructureof thedataatvariousstageswithin DAQ/EFprototype-
1 andallowselementsof theDataFlowandprocessingtasksto accessthedatawithout resort-
ing to theuseof otherresourcese.g.databases.It defineshow thedataof a ROB or cratefrag-
ment or a sub-detectordata may be directly accessedby processingtasks.In addition, it
definesadditionaldatathat is addedto thedetectordata,by elementsof theDataFlow,allow-
ing processing tasks to quickly identify the type and origin of event.

2.3 General format

Thegeneralformatof a Full Eventis shownin Figure1. As canbeseenit is built from frag-
ments(seerequirement6. in section2.1).A Full eventis anaggregationof sub-detectorfrag-
mentsandeachsub-detectorfragmentis anaggregationof ROCfragments.In turn,eachROC
fragmentis anaggregationof ROBfragments.Eachof thelattermapon to asingleRODfrag-
ment.In addition,dependingon thearchitectureof theDataFlowsystem,a sub-detectorfrag-
mentmaybeanaggregationof ROB fragments(not shownin Figure1.). Eachfragmenthasa
singleheaderassociatedto it, opposedto a combinationof a headeranda trailer. Theheader
contains all the event formatting information.

Theobjectdiagramof theeventformat is shownin Figure2. Referringto the latter, it canbe
seenthat a Full Event is oneor moreFragments.A Fragmentmay be associatedto zeroor
more other Fragments.EachFragmentconsistsof a Headerobject and zero or more Data
objects.A Headeris an aggregationof Genericand Specific objects.The latter, Specific
object, being a generalizationof: Event, Sub-detector,ROC, ROB and ROD. Headersare
invariantof sub-detectors.However,the detailsof the headerin a ROB fragmentmay vary
with respect to a header in a sub-detector fragment.
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As canbeseenfrom Figure2. theproposedeventformat is modularandbasedon eventfrag-
ments(seesection2.1). In additionall eventfragmentshavethesamestructure,thusfulfilling
requirement 7. (see section 2.1).

Figure 1. The general event format
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Figure 2. The object diagram of the event format.

3 Header formats

3.1 The Header

TheobjectHeaderdepictedin Figure2. is anaggregationof GenericandSpecificparts.This is
shownin Figure3. The Genericpart is the samefor all eventfragments.While the Specific
partallowsfragmentspecificinformationto beincludedin theheadere.g.informationgener-
ated specific to a sub-detector.

Figure 3. The fragment header.
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The Generic part consists of the following elements:

1.Startof headermarker. Thismarker indicatesthestartof a fragmentheaderandis itself part
of the header. Hence,it is the first word of a fragment.The valueof this elementwill be
unique for each type of fragment, but the structure shall be identical.

2.Total fragmentsize. This elementindicatesthe total size of the fragment,including the
Header.

3.Header size. The element indicates the total size of the Header.

4.Formatversionnumber. This elementgivesthe formatversionof the fragment.For exam-
ple, if this is a ROB fragment,it definestheformatversionof theROB fragment.It allows
theformatof aROB fragmentto changeindependentlyof, for example,asub-detectorfrag-
ment. This element does not refer to the version of the detector data.

5.Source identifier. This elementidentifiesthe fragment.It consistsof a sub-detectorID, a
Read-OutCrateID, an I/O moduletype and ID. The combinationof thesefields should
allow theSourceidentifierto beuniqueacrossthewholeof Atlas.TheI/O Moduletypeand
ID refer to the I/O Module which builds and adds the header to the event fragment.

6.Numberof statuselements.This elementgivesthenumberof elements(Statuswords)fol-
lowing this element.

7.Statuselement. This elementcontainsinformationaboutthe statusof the datawithin the
fragment.Thestructureof thiselementis specificto theI/O modulewhichbuilds theheader
and will therefore be defined during the detailed design of the DataFlow I/O modules.

8.Numberof offset elements. This elementindicateshow many elements(Offset elements)
follow this element.

9.Offset. This elementcontainsan identifier and offset to a fragmentcontainedwithin this
fragment.Theoffsetis relative to thestartof this fragment.Theuseof thiselementis shown
in Figure 4.

Figure 4. The use of the Offset element.
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2.Zeroor moreelements,asspecifiedin thepreviouselement,which arespecificto the type
of fragment (ROB fragment, crate fragment etc.).

4 ROD data format

The definition of the format of the datatransferredbetweenthe ROD andROB applications
musttakeinto accountfactorssuchas:thedatais formattedin hardwareandnotnecessarilyby
programmabledevices;the informationwithin theheadermay influencecomponentcostand
ROD performance;theactualcurrentunderstandingof ROD designs(a ROD maynot buffer
data).

Currentdesignsof the ROD indicatethat the datatransferredfrom a ROD to a ROB should
havebotha Headeranda Trailer asshownin Figure5. Theproposedheaderis derivedfrom
thatpresentedin section3.1andtheelementshavethesamemeaning.TheTrailer containsthe
Numberof dataelements,Numberof Statuselementsandzeroor morestatuselements.Each
of theseelements,again,havethe samemeaningasdescribedin section3.1. Somedetector
groupshavevoiceda preferencefor havingtheStatuselementsproceedingtheDataelements.
Insteadof imposinganorder,anadditionalelement,Statusblockposition, hasbeenaddedto
the trailer. This elementsolely definesthe relativeorderof the DataandStatuselements.A
valueof zerofor thiselementindicatesthatthestatusblockprecedesthedatablockandavalue
of oneindicatesthatthestatusblock follows thedatablock.Thesetwo casesareshownin Fig-
ure 5. for reasons of clarity.

Figure 5. The ROD data format.
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Within the header four elements are explicitly defined, these are:

• Level 1 ID: The event identifier generated by the Level 1 trigger system.

• Bunch Crossing ID: The bunch crossing identifier generated by the level 1 trigger system.

• Level 1 Trigger Type: The event type transmitted by the level 1 system.

• Detector event type: This elementidentifiesaneventwhich mayhave beengeneratedby a
sub-detector, independent of other sub-detectors and the ATLAS trigger systems.

In addition,the first statusword must indicatethe global statusof the fragment.A non-zero
valueindicatingthatthefragmentis corrupted(e.g.missingdata,bit errors).Theexactdetails
of this element are still to be defined.

5 Initial implementation

This sectionpresentsan initial implementationof the eventformat describedin the previous
sections.This initial implementationis aimedat therequirementsof DAQ/EF-1. It definesthe
Startof HeaderMarkers,theFragmentIDs, thesub-detectorIDs andtheelementsspecificto
the different types of fragments.

TheRODandROBheaderarebuilt by theRODandROBrespectively.With respectto DAQ/
EF prototype-1, theROCheaderis built by theEBIF andtheSub-detectorandEventHeader
arebuilt by theSFI. It is not excludedthatsomeinformationfrom theROD headerandtrailer
be copied into the ROB header and the ROD header and trailer be discarded.

This initial implementation takes the following points into account:

• Bit fieldsallow efficient useof memoryandmatchingto hardware-defineddatastructures.
However, they arelikely to benon-portable.In this implementationof theevent formatbit
fields are restrictedto multiplesof bytesandareavoidedwhenpossible.Efficient useof
memory at this stage is not a primary issue.

• Floating point types are not used in this implementation, again due to portability issues.

• Byteordering. Within thetime-scaleof DAQ/EFprototype-1 processorsimplementingdif-
ferentbyteorderingschemes(i.e. Big or Little-endian)canbeenvisaged.Theselectionof
endianorderingis only deemednecessaryfor the interpretationof the event format. The
choice of endianordering when exchangingdata betweenprocessorsis an issueto be
addressedby theROD designers,DataFlow andEventFilter systems.For thepresentation
of theinitial implementationof theeventformatBig-endianorderinghasbeenchosen,asit
is used in established network header formats.

• Alignmentrestrictionsarenot deemedto beanissuefor theeventformat.This issueis nor-
mally addressed by the compilersi.e. it ensures alignment on byte boundaries.
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5.1 Start of Header Markers

Eachfragmentheaderbeginswith aStartof HeaderMarker.Thesemarkersfulfil requirements
7, 8 and9 asdescribedin section2.1.Themarkersat eachlevel of theeventformataregiven
in Table 2.

Table 2. Start of Header Markers.

5.2 Sub-Detector IDs

A proposalfor sub-detectorIDs is givenin Table3. Eachmajorsub-detector(TRT, Pixel,etc.)
hasa uniquemajor-id with a maximumof 16 possibleminor-idswith which it canbe sub-
divided.

Table 3. Sub-detector IDs.

Fragment Type Header Marker

ROD
ROB
ROC

Sub-Detector
Full Event

0xeeeeeeee
0xdddddddd
0xcccccccc
0xbbbbbbbb
0xaaaaaaaa

Detector ID

Pixel 0x10

SCT Barrel 0x20

Left endcap 0x21

Right endcap 0x22

TRT Barrel 0x30

Left endcap 0x31

Right endcap 0x32

EM Barrel 0x40

Left endcap 0x41

Right endcap 0x42

Left forward 0x43

Right forward 0x44

Hadronic Calo-
rimeter

Barrel 0x50

Left endcap 0x51

Right endcap 0x52

Left extended 0x53

Right extended 0x54
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5.3 Total fragment and Header size

Theseelementsareeach32-bit integersandtheir valuesgive thetotal sizeof thefragmentand
the size of the fragment header in units of bytes.

5.4 Source IDs

Thestructureof theSourceID, asshownbelow,consistsof four bytefields.Thecombination

of thesefour fields allows the SourceID to be uniqueacrossall sub-detectors.The possible
valuesof theSub-detectorID aredefinedin section5.2.Thevaluesthatmaybeassignedto the
Crate ID, Module type and ID will be defined during the implementation of the DataFlow.

Notethatthis implementationrestrictstherangeof valuesallowed.On thetime-scaleof DAQ/
EF -1 this is not an issue,however, the implementationof this elementwill have to be
reviewed to remove this restriction.

Muon barrel trigger 0x60

barrel precision 0x61

Left endcap trigger 0x62

Right endcap trigger 0x63

Left endcap precision 0x64

Right endcap precision 0x65

Left endcap CSC 0x66

Right endcap CSC 0x67

Level 1 Calorimeter front-end 0x70

Calorimeter e/γ 0x71

Calorimeter jet & missing ET 0x72

CTP 0x73

Muon Interface 0x74

Level 2 0x80

Event Filter 0x90

Detector ID

Byte

Bit 0 31

0 1 2 3

I/O Module IDI/O Module typeSub-detector ID ROC ID
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5.5 Format Version Number

This elementis a 32-bit integer.Thevalueis theheaderversionnumberfor this typeof frag-
ment.More specifically,if this is a fragmentof type ROB it definesthe versionof the ROB
fragment header. It does not give the version number of the detector data.

5.6 Number of Status elements

For theinitial implementationthereshouldbeat leastonestatuselement,seebelow.Therefore
this element must have a value greater than or equal to one.

5.7 Status element

This elementis 32-bitswide.Theremustbeat leastoneStatuselement.Thestructureandval-
uesof theelementarefree to bedefinedby thedesignersof the I/O moduleswhich build the
specificfragmentheader.Thereis oneexception,a non-zerovalueof the first statuselement
indicates that the fragment is corrupted (e.g. truncated, bit error etc.).

5.8 Offset element

This element is 32-bits wide and has the structure shown below.

Bytes1 to 3 aretheoffsetto thefragmentidentifiedby thevaluein bytezeroandis in unitsof
32-bitwords.Bytezeroidentifiesthefragmentfoundat theoffset.Forexample:if thiselement
is part of an eventheaderthenFragmentID takesthe valueof a Sub-detectorID; If this ele-
mentis partof aSub-detectorheaderthenFragmentID takesthevalueof acrateID; If thisele-
mentis partof aROCFragmentheaderthenFragmentID takesthevalueof anI/O ModuleID
(i.e. the identifier of a ROB within the crate).

Byte

Bit 0 31

0 1 2 3

Fragment ID Off-set
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5.9 Fragment specific elements

5.9.1 Full Event Specific elements

TheFull Eventspecificelementsaredefinedin Table4. Eachelementis a 32-bit integer.The
table also presents the required order of the specific elements.

Table 4. Fragment Specific Header for the full event.

• Date & Time: This elementencodesthe dataand time as the numberof secondselapsed
since00.00.00on 1st January1997(this definesthe maximumlifetime of ATLAS as136
years!).It providesa constantlyincreasingnumberwith which onemay useto time-order
events.

• RunNumber: Thevalueof thiselementis uniquethroughoutthelifetime of theexperiment.
Note that the precise definition of a ‘run’ within ATLAS is still to be defined.

• Global ID: Thevalueof this elementwill beprovidedby theEventBuilding sub-systemof
DAQ/EF -11. The value will be unique within a run. The format is to be defined.

• Level 1 ID: Theevent identifiergeneratedby theLevel 1 triggersystem.As the latteronly
generates a 24-bit value, the upper byte in this element is un-used.

• Level 1 Trigger Type: The8-bit word transmittedby the level 1 system.Theremaining24-
bits are un-used.

• Level1 Trigger Info: Triggercharacteristics.Possiblymulti-worddatafrom theLevel 1 trig-
ger, containing summary information on the level 1 decision. To be defined.

• Level2 Trigger Info: Triggercharacteristics.Possiblymulti-worddatafrom theLevel 2 trig-
ger, containing summary information on the level 2 decision. To be defined.

5.9.2 Sub-Detector Specific Header

Thefragmentspecificelementsfor aSub-detectorheaderaredefinedin Table5. Eachelement
is a 32-bit integer.

Table 5. Fragment Specific Header for a sub-detector.

Event Header Words Definition

Date & Time
Run Number
Global ID
Level 1 ID

Level 1 Trigger Type
Level 1 Trigger Info
Level 2 Trigger Info

0xssssssss
0xrrrrrrrr
to be defined
0x00nnnnnn
0x000000tt
to be defined
to be defined

1. Thevalueof this elementmustbeuniquefor thedurationof a run. If ATLAS definesa run to be3
minutes or less then the 24-bit Level 1 ID may be used.

Sub-Detector specific Definition

Level 1 Trigger Type 0x000000tt
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• Level 1 Trigger type: see section 5.9.1.

5.9.3 Crate Specific Header

Theelementsspecificto a Crateareshownbelow.Therearecurrentlyfour elementsdefined.
TheRunnumber,Level 1 ID andGlobal ID areasdefinedin section5.9.1.TheBunchcross-
ing ID is asdefinedin section4. Only thelower12-bitsof thiselementareused,theupper20-
bits are set to zero.

Table 6. Fragment Specific Header for a Crate.

5.9.4 ROB Specific Header

Theelementsspecificto a ROB fragmentareshownbelow.Therearecurrentlyfour elements
defined.The Level 1 ID, the BunchcrossingID, the Level 1 Trigger Type andthe Detector
specific Type, see section 5.9.1, section 5.9.3 and section 4.

Table 7. Fragment Specific Header for a ROB.

5.10 ROD Header and trailer

The initial implementationof the ROD headerandtrailer hasbeengiven in section4. These
elementsare 32-bit integers.e.g. The Level 1 trigger type is an 8-bit value, thereforethe
remaining 24-bits are un-used.

5.11 Framing

In transmittingan eventor an eventfragmentbetweenelementsof the DataFlow,betweena
ROD anda ROB or betweentheDataFlowandtheEventFilter, thefragmentmustbeframed
by technologyspecificinformation.This framinginformationis notpartof theeventformat,it
is specificto thelink technologyusedandwill beremovedby a receivingelement.Any status
information contained in the framing information will, of course, be preserved.

Crate specific Definition

Run number 0xrrrrrrrr

Bunch Crossing ID 0x000000xx

Level 1 ID 0x00nnnnnn

Global ID to be defined

Crate specific Definition

Level 1 ID 0x00nnnnnn

Bunch Crossing ID 0x000000xx

Level 1 Trigger Type 0x000000tt

Detector Event type to be defined
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CurrentROLsarean implementationof theS-LINK specification.This sectionspellsout the
useof S-LINK control wordsfor framing the ROD fragmentandalsothe detectionof errors
during transmission over an S-LINK ROL.

EachROD fragmentis precededandterminatedby a singleS-LINK controlword.Thesecon-
trol wordsarereferredto astheBeginningof FragmentandEndof Fragment.Thewordsare
32-bits long and take the values shown in Table 8.

Table 8. Beginning and End of fragment control words.

Thelower 16 bits of theBeginningof FragmentandEndof Fragmentcontrolwordsareused
by S-LINK to report transmissionerrors and are thereforesubsequentlyreserved.All bits
shouldbesetto zeroprior to transmissionof thecontrolwords.Only bits [1..0] arecurrently
used. The description and meaning of these bits is shown in Table 9.

Table 9. The meaning of the reserved bits in the S-LINK control words.

Crate specific Definition

Beginning of Fragment 0xb0f0rrrr

End of Fragment 0xe0f0rrrr

Meaning when:

value is 0 value is 1

Bit 0 Previous data fragment ok Transmission error in previous
data fragment

Bit 1 Control word ok Transmission error in control word
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