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1 Intr oduction

1.1 Pumose of the document

This documentescribeghe eventformatandits initial implementatiorin the ATLAS DAQ/
EF prototype-1 [1]. The proposediormatis alsothe first stepin deining the final ATLAS
event format.

1.2 Owerview of document

In section2 the requirementsfunction, purposeanda high-leveldescriptionof the eventfor-
matis given.In section3 adetaileddescriptionis given.Sectiond4 presenta descriptionof the
formatof afragmentreceivedby the ROB from the ROD overa ROL andis aimedprincipally
at ROD designersin section5 aninitial implementationof the eventformatis presentedit
coversissuessuchas: sub-detectoiDs, framing information and transmissiorerrorson the
ROL.

1.3 Boundaries

Thisdocumentelategso theformatof datainto andwithin the DataFlowsystemandinputinto
the EventFilter systemThedefinition of aneventformatfor eventsoutputfrom the EventFil-
teris notconsideredo beanissueof the DAQ/EF prototype-1. Theframinginformation,nec-
essaryto ensurethe correcttransmissiorof databetweenapplicationse.g. ROD-to-ROB,is
technology specific and therefore not part of the event format.

1.4 Definitions., aconyms and albreviations

See reference [2].

2 General description

2.1 Requirements

This sub-sectiorlists a setof requirement®n the variouscomponent®f theeventformat. The
categoriesof requirementdollow the guidelinesgiven in [3]. Requirementgontainingthe
word shall aremandatory Thosecontainingthe word shouldarestronglyrecommendedusti-
ficationis neededf theyarenot followed. Sentencesontainingthe word mayareguidelines,
no justification is required if they are not followed.

The event format shall fulfil the following requirements:

1. The eventformatshall allow the sizeof aneventto increaseor decreaselependingon the
specific data taking configuration.

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

3. The eventformat shouldprovide informationredundang to allow self consisteng checks
of the eyent to be made. The consistgrbhiecks will be defined at a latter stage.

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



5.The event formatshouldbe modular

6. The basicunit shouldbe a fragment.Fragmentsare: datacoming from a ROD, ROB or
Read-OuCrate(ROC), all the dataassociatedo a singlesub-detectoandthe datainputto
the Eent Filter

7. The fragmentshall have identical structure and &&f only in size and detail.

8. The event formatshouldfacilitate the identification of fragments.

9. The erent formatshall provide an gent header

10.Theeventformatshall provide the eventidentifierandtriggertypewithin the eventheader

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

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

13.Theeventformatshouldnot demandadditionalcomputatiorby the processesvhich build
theeventformati.e. it shouldusedatastructureslreadyexisting within the DataFlav appli-
cations.

2.2 Function and pumpose

Theeventformatdefinesthe structureof the dataat variousstageswithin DAQ/EF prototype-

1 andallows elementsf the DataFlowandprocessindasksto accesshe datawithout resort-
ing to the useof otherresource®.g.databasedt defineshowthe dataof a ROB or cratefrag-
ment or a sub-detectodata may be directly accessedy processingtasks.In addition, it

definesadditionaldatathatis addedto the detectordata,by elementf the DataFlow,allow-
ing processing tasks to quickly identify the type and origin of event.

2.3 General brmat

The generalformatof a Full Eventis shownin Figurel. As canbe seenit is built from frag-
ments(seerequiremens. in section2.1). A Full eventis anaggregatiorof sub-detectofrag-
mentsandeachsub-detectofragmentis anaggregatiorof ROCfragmentsin turn,eachROC
fragmentis anaggregatiorof ROB fragmentsEachof the lattermaponto asingleROD frag-
ment.In addition,dependingon the architectureof the DataFlowsystem a sub-detectofrag-
mentmay be anaggregatiorof ROB fragmentgnot shownin Figurel.). Eachfragmenthasa
singleheaderassociatedo it, opposedo a combinationof a headeranda trailer. The header
contains all the event formatting information.

The objectdiagramof the eventformatis shownin Figure2. Referringto the latter, it canbe
seenthat a Full Eventis one or more FragmentsA Fragmentmay be associatedo zeroor
more other Fragments Each Fragmentconsistsof a Headerobject and zero or more Data
objects.A Headeris an aggregationof Genericand Specific objects. The latter, Specific
object, being a generalizationof: Event, Sub-detectorROC, ROB and ROD. Headersare
invariant of sub-detectorsHowever,the detailsof the headern a ROB fragmentmay vary
with respect to a header in a sub-detector fragment.



As canbe seenfrom Figure2. the proposeceventformatis modularandbasedon eventfrag-
ments(seesection2.1).In additionall eventfragmentshavethe samestructure thusfulfilling

requirement 7. (see section 2.1).

Figure 1. The general eent format
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Figure 2. The object diagram of the went format.
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3.1 The Header

TheobjectHeadeepictedn Figure2. is anaggregatiorof GenericandSpecificparts.Thisis
shownin Figure 3. The Genericpartis the samefor all eventfragmentsWhile the Specific
partallowsfragmentspecificinformationto be includedin the headere.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 heademarlker. This marker indicateshestartof afragmentheaderandis itself part
of the headerHence,it is the first word of a fragment.The value of this elementwill be
unique for each type of fragmenutlihe structure shall be identical.

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

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

4. Formatversion number This elementgivesthe format versionof the fragment.For exam-
ple,if thisis a ROB fragment,it definesthe formatversionof the ROB fragment.It allows
theformatof a ROB fragmentto changandependentlyf, for example,a sub-detectofrag-
ment. This element does not refer to tkesion of the detector data.

5. Souce identifier This elementidentifiesthe fragment.It consistsof a sub-detectoiD, a
Read-OutCrate ID, an I/O moduletype and ID. The combinationof thesefields should
allow the Sourceidentifierto be uniqueacrosshewhole of Atlas.Thel/O Moduletypeand
ID refer to the 1/0O Module whichuilds and adds the header to therd fragment.

6. Numberof statuselementsThis elementgivesthe numberof elementqStatuswords)fol-
lowing this element.

7. Statuselement This elementcontainsinformation aboutthe statusof the datawithin the
fragment.Thestructureof this elements specificto thel/O modulewhich buildstheheader
and will therefore be defined during the detailed design of the Datafdomodules.

8.Numberof offsetelementsThis elementindicateshow mary elementgOffset elements)
follow this element.

9. Offset This elementcontainsan identifier and offset to a fragmentcontainedwithin this

fragment.Theoffsetis relative to the startof this fragment.Theuseof thiselemenis shavn
in Figure 4.

Figure 4. The use of the Offset element.
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Following the Generic part of the header there is a fragment Specific section consisting of:

1.Numberof fragmentspecific An elementwhich givesthe numberof elementsfollowing
this element



2.Zeroor moreelementsasspecifiedin the previous elementwhich arespecificto the type
of fragment (OB fragment, crate fragment etc.).

4 ROD data format

The definition of the format of the datatransferrecbetweenthe ROD and ROB applications
musttakeinto accounfactorssuchas:thedatais formattedin hardwareandnot necessarilyoy

programmablelevices;the informationwithin the heademay influencecomponentostand

ROD performancethe actualcurrentunderstandinggf ROD designga ROD may not buffer

data).

Currentdesignsof the ROD indicatethat the datatransferredrom a ROD to a ROB should
haveboth a Headeranda Trailer asshownin Figure5. The proposecheadelis derivedfrom
thatpresentedn section3.1andthe elementhavethe samemeaning.The Trailer containshe
Numberof dataelementsNumberof Statuselementsandzeroor morestatuselementsEach
of theseelementsagain,havethe samemeaningas describedn section3.1. Somedetector
groupshavevoiceda preferencdor havingthe Statuselementgroceedinghe Dataelements.
Insteadof imposingan order,an additionalelement,Statusblock position hasbeenaddedto
the trailer. This elementsolely definesthe relative order of the Dataand StatuselementsA
valueof zerofor thiselemenindicateshatthe statushblock precedeshedatablockandavalue
of oneindicateghatthe statusblock follows the datablock. Thesetwo casesareshownin Fig-
ure 5. for reasons of clarity.

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

Level 1 ID: The erent identifier generated by theved 1 trigger system.
* Bunch Crossing ID The lunch crossing identifier generated by theslél trigger system.
Level 1 Trigger Type: The &ent type transmitted by thevid 1 system.

Detector event type: This elementdentifiesan eventwhich may have beengeneratedby a
sub-detectqrindependent of other sub-detectors and hieA&S trigger systems.

In addition, the first statusword mustindicatethe global statusof the fragment.A non-zero
valueindicatingthatthe fragmentis corrupted(e.g.missingdata,bit errors).The exactdetails
of this element are still to be defined.

5 Initial implementation

This sectionpresentsan initial implementatiorof the eventformat describedn the previous
sectionsThisinitial implementations aimedattherequirement®f DAQ/EF-1. It definesthe
Startof HeaderMarkers,the FragmentDs, the sub-detectotDs andthe elementsspecificto
the different types of fragments.

TheROD andROB headeiarebuilt by the ROD andROB respectivelyWith respecto DAQ/

EF prototype-1, the ROC headeis built by the EBIF andthe Sub-detectoandEventHeader
arebuilt by the SFI. It is not excludedthatsomeinformationfrom the ROD 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 be non-portableln this implementatiorof the eventformat bit
fields arerestrictedto multiples of bytesand are avoided when possible.Efficient use of
memory at this stage is not a primary issue.

» Floating point typesre not used in this implementationaegdue to portability issues.

» Byteordering Within thetime-scaleof DAQ/EF prototype-1 processorgnplementingdif-
ferentbyte orderingschemedi.e. Big or Little-endian)canbe ervisaged.The selectionof
endianorderingis only deemednecessaryor the interpretationof the event format. The
choice of endianordering when exchangingdata betweenprocessords an issueto be
addressetby the ROD designerspPataFlav and Event Filter systemsFor the presentation
of theinitial implementatiorof the eventformatBig-endianorderinghasbeenchosenasit
Is used in established nedvk header formats.

» Alignmentrestrictionsarenotdeemedo be anissuefor the eventformat. This issueis nor-
mally addressed by the compiléss it ensures alignment on byte boundaries.



5.1 Start of Header Markers

Eachfragmentheadeibeginswith a Startof HeadeMarker. Thesemarkerdulfil requirements
7,8 and9 asdescribedn section2.1. The markersat eachlevel of the eventformataregiven
in Table 2.

Table 2. Start of Header Marlkers.

Fragment Type Header Marker
ROD Oxeeeeeeee
ROB Oxdddddddd
ROC Oxccccccecce
Sub-Detector Oxbbbbbbbb
Full Event Oxaaaaaaaa

5.2 Sub-Detector IDs

A proposalfor sub-detectolDs is givenin Table3. Eachmajorsub-detectofTRT, Pixel, etc.)
hasa unique major-id with a maximumof 16 possibleminor-ids with which it canbe sub-
divided.

Table 3. Sub-detector IDs.

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 forwad 0x43
Right forwad 0x44
Hadronic Calo- Barrel 0x50
rimeter Left endcap 0x51
Right endcap 0x52
Left exctended 0x53
Right extended 0x54

-10 -



Detector ID
Muon barrel trigger 0x60
barrel precision 0x61
Left endcap triger 0x62
Right endcap triger 0x63
Left endcap pcision 0x64
Right endcap m@cision 0x65
Left endcap CSC 0x66
Right endcap CSC 0x67
Level 1 Calorimeter font-end 0x70
Calorimeter ey 0x71
Calorimeter jet & missing £ Ox72
CTP 0x73
Muon Interface 0x74
Level 2 0x80
Event Hter 0x90

5.3 Total fragment and Header size

Theseelementareeach32-bitintegersandtheir valuesgive thetotal sizeof thefragmentand
the size of the fragment header in units of bytes.

5.4 Souce IDs

The structureof the SourcelD, asshownbelow, consistof four bytefields. The combination

Byte 0 1 2 3
Sub-detector 1D ROC ID I/O Module type| /O Module ID

Bit 0 31

of thesefour fields allows the SourcelD to be uniqueacrossall sub-detectorsThe possible
valuesof the Sub-detectolD aredefinedin section5.2. Thevaluesthatmaybeassignedo the
Crate ID, Module type and ID will be defined during the implementation of the DataFlow.

Notethatthisimplementatiorestrictstherangeof valuesallowed.On thetime-scaleof DAQ/

EF -1 this is not an issue,however,the implementationof this elementwill haveto be
reviewed to remove this restriction.

-11 -



5.5 Format Version Number

This elementis a 32-bit integer.The valueis the headewersionnumberfor this type of 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

Fortheinitial implementatiorthereshouldbe atleastonestatuselementseebelow. Therefore
this element must have a value greater than or equal to one.

5.7 Status element

This elements 32-bitswide. Theremustbe atleastone Statuselement.The structureandval-

uesof the elementarefreeto be definedby the designerf the I/O moduleswhich build the

specificfragmentheader.Thereis oneexception,a non-zerovalue of the first statuselement
indicates that the fragment is corruptedy(truncated, bit error etc.).

5.8 Offset element

This element is 32-bits wide and has the structure shown below.
Byte 0 1 | 2 | 3
Fragment ID Off-set

Bit O 31

Bytes1 to 3 aretheoffsetto the fragmentidentified by thevaluein bytezeroandis in unitsof
32-bitwords.Byte zeroidentifiesthefragmentfoundat the offset. For exampleif thiselement
is partof an eventheaderthenFragmentD takesthe valueof a Sub-detectoiD; If this ele-
mentis partof a Sub-detectoheadethenFragmentD takesthevalueof acratelD; If thisele-
mentis partof aROCFragmenteadethenFragmentD takesthevalueof anl/O ModuleID
(i.e. the identifier of a ROB within the crate).

-12 -



5.9 Fragment specific elements

5.9.1 Full Event Specific elements

The Full Eventspecificelementsaredefinedin Table4. Eachelements a 32-bitinteger.The
table also presents the required order of the specific elements.

Table 4. Fragment Specific Headerok the full event.

Event Header Words Definition
Date & Time 0Oxssssssss
Run Number Oxrrrrrrrr

Global ID to be defined

Level 1 ID 0x00nnnnnn
Level 1 Tigger Type 0x000000t t
Level 1 Tigger Info to be defined
Level 2 Tigger Info to be defined

» Date & Time This elementencodeghe dataandtime asthe numberof secondslapsed
since00.00.000n 15 January1997 (this definesthe maximumlifetime of ATLAS as136
years!).It providesa constantlyincreasingnumberwith which one may useto time-order
events.

* RunNumber Thevalueof this elements uniquethroughouthelifetime of the experiment.
Note that the precise definition of a ‘run’ withiMIBAS is still to be defined.

* Global ID: Thevalueof this elementwill be providedby the EventBuilding sub-systenof
DAQ/EF -1 The alue will be unique within a run. The format is to be defined.

» Level1ID: Theeventidentifiergeneratedy the Level 1 trigger system As the latter only
generates a 24-bialue, the upper byte in this element is un-used.

» Level 1 Trigger Type The 8-bit word transmittedby the level 1 system.The remaining24-
bits are un-used.

» Level 1 Trigger Info: Triggercharacteristic?ossiblymulti-word datafrom the Level 1 trig-
ger, containing summary information on thedél decision. @ be defined.

» Level 2 Trigger Info: Triggercharacteristic?ossiblymulti-word datafrom the Level 2 trig-
ger, containing summary information on thedé2 decision. @ be defined.

5.9.2 Sub-Detector Specific Header

Thefragmentspecificelementdor a Sub-detectoheadelaredefinedin Table5. Eachelement
Is a 32-bit integer.

Table 5. Fragment Specific Headeror a sub-detector.
Sub-Detector specific Definition

Level 1 Tigger Type 0x000000t t

1. Thevalueof this elementmustbe uniquefor the durationof a run. If ATLAS definesarunto be 3
minutes or less then the 24-bitMet 1 ID may be used.

-13 -



» Level 1 Tigger type see section 5.9.1.

5.9.3 Crate Specific Header

The elementsspecificto a Crateareshownbelow. Therearecurrentlyfour elementdefined.
The Runnumber,Level 1 ID andGlobal ID areasdefinedin section5.9.1.The Bunchcross-

ing ID is asdefinedin sectiord. Only thelower 12-bitsof this elementareusedthe upper20-
bits are set to zero.

Table 6. Fragment Specific Headeror a Crate.

Crate specific Definition
Run number oxrrrrrrrr
Bund Crossing ID 0x000000xx
Level 1 ID 0x00nnnnnn
Global ID to be defined

5.9.4 ROB Specific Header

The elementsspecificto 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 Headeror a ROB.

Crate specific Definition
Level 1 ID 0x00nnnnnn
Bund Crossing ID 0x000000xx
Level 1 Tigger Type 0x000000t t
Detector Event type to be defined

5.10 ROD Header and trailer

Theinitial implementatiorof the ROD headerandtrailer hasbeengivenin 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 betweerthe DataFlowandthe EventFilter, the fragmentmustbe framed
by technologyspecificinformation.This framinginformationis not partof theeventformat, it
Is specificto thelink technologyusedandwill beremovedby areceivingelementAny status
information contained in the framing information will, of course, be preserved.

-14 -



CurrentROLs areanimplementatiorof the S-LINK specification.This sectionspellsout the
useof S-LINK controlwordsfor framing the ROD fragmentand alsothe detectionof errors
during transmission over an S-LINK ROL.

EachROD fragmentis precededandterminatedby a singleS-LINK controlword. Thesecon-
trol wordsarereferredto asthe Beginningof FragmentandEnd of FragmentThe wordsare
32-bits long and take the values shown in Table 8.

Table 8. Beginning and End of fragment conwl words.

Crate specific Definition
Beginning of Fagment OxbOf Orrrr
End of Fagment OxeOf Orrrr

The lower 16 bits of the Beginningof FragmentandEnd of Fragmentontrolwordsareused
by S-LINK to report transmissionerrors and are thereforesubsequentlyreserved. All bits
shouldbe setto zeroprior to transmissiorof the controlwords.Only bits [1..0] arecurrently
used. The description and meaning of these bits is shown in Table 9.

Table 9. The meaning of theasewred bits in the S-LINK control words.
Meaning when:

value is O value is 1

Bit 0 Previous data fagment ok | Transmission eor in previous
data fragment

Bit 1 Contmol word ok Transmission enr in contiol word

-15 -



References

[1]The ATLAS DAQ andEventFilter Prototype-1 Project.http://atddoc.cern.ch/Atlas/Con-
ferences/CHEP/ID388/ID388-1.html.

[2]Definitions, acronymsand abbreviationsin ATLAS DAQ/EF prototype -1. http://atd-
doc.cern.ch/Atlas/Notes/046/Note046-1.html.

[3]C. Mazza et. al., Software Engineering Standards. Prentice Hall. ISBN 0-13-106568-8.

-16 -



