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Fakulẗat für Mathematikund Informatik
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Abstract— Presently, in the new HEP experiments we are
observing a growing complexity in the interfaces of the analysis
tools. As a consequence,end usershave to master programming,
understand complex frameworks and data storage details before
achieving the physicsgoals.This reducessigni�cantly the ef�ciency
of the analysis process.

In order to tackle this problem we proposeintr oducing a new
abstraction layer betweenthe endusersand the curr ent interfaces.
We go further in our approachby proposingto perform the mass
event selection by the usageof a visual language that expresses
the physics analysis queries in a declarative way. Thr ough our
solution we can express complex decay queries easily with no
programming efforts, abstracting the storage and optimization
details, and reducing the needto deal with the normal framework
intricacies.

We describethe methodologyuseddesigningand implementing
the new abstraction layers.

Index Terms— Pheasant,HEP analysis,domain modeling, soft-
ware engineering life-cycle, domain-speci�c query languages,

I INTRODUCTION

M ANY different tools were developed(or are being de-
veloped) in the context of HEP data analysiswith a

particulartechnologyin mind right from the outset.This leads
to analysisframeworks that are dif�cult to changeonce this
needarises.

Additionally, thedevelopedtoolsdo not allow for datainde-
pendency. Thismeans,thatthecomplexity of thedatastructures
and the representationof the datais not hiddenfrom the user.
Consequently, during the analysisprocessa userhasto know
the physicaldata layout and hasto write many lines of code
just to accessthe dataand transferit into main memory.

Developers,on the other hand,who want to introduceopti-
mizationsin thedatalayoutarenot ableto make thesechanges
without having an impact on the whole analysischain.When
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trying to proposealterations,developersare likely to meetthe
resistanceof the currentusers.

Furthermore,at the moment usersare forced to combine
disperseutility libraries that follow different programming
paradigms(procedural,object-oriented,etc.). This very often
implies learning the different programminglanguagesfor the
varioustools. Improperprogrammingstyleswill have a direct
impacton the quality of the resultingcodein termsof under-
standabilityandef�ciency.

Summarizing,we cansaythatoftenscientistsanalyzingHEP
data are distractedfrom their real work by having to learn
many details that are completelyunrelatedto physics.Thus,
the analysisof data generatedby detectorsin High Energy
Physics(HEP) experimentscan be a tedious, inef�cient and
cumbersomechore.

The usualway we can simplify a user's interactionwith a
systemandmake it more �e xible for incorporatingchangesis
to introducedifferentlayersof abstraction.In the idealcasewe
want to beableto abstracttheuser's point of view (conceptual
layer) from the data representation(logical layer) and this in
turn from the actualdatastorage(physicallayer).
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Fig. 1. Unifying framework

Weproposeanunifyingframework for analysis,calledPheas-
ant (PHysicist's EAsy ANalysis Tool) [1], [3], [17], distin-
guishingbetweentheconceptual,logical,andthephysicallayer
of the data.On the conceptuallevel (upperpart of Figure 1)
this framework featuresa declarative domain speci�c visual
query language (DSVQL) in which physicistsare enabledto
constructqueriesusing familiar concepts.Not having to know



implementationdetailsor certainprogrammingskills makes it
much easierfor a userto becomeacquaintedwith the frame-
work.

On the logical level (middle part of Figure1) we provide a
more detailedrepresentationof the data in form of a logical
schema.However, this representationstill hides implementa-
tion details.The visual languagequeriesare mappedonto an
algebra,which operateson the logical schema.

On the physicallevel (lower part of Figure1) different (ex-
isting) toolscanbeintegratedinto our framework via codegen-
erationmodules(representedby gi ). A codegenerationmodule
translatesthe algebraicform of the query into the appropriate
syntaxof the correspondingtool. In this way, developersmay
introducechangeson the physical layer without affecting the
userandcaneven extendthe framework quite elegantly.

The paper is organizedas follows. In the next sectionwe
give anoverview over relatedwork. SectionIII coversthemain
part:a closerlook at thedesignandimplementationprocessof
Pheasant.Finally, we give a summaryand an outlook in the
last section.

I I RELATED WORK

First of all we arehaving a look at thegeneraldevelopments
in the domain of HEP. After that we investigatethe use of
visual languagesin the context of HEP.

A. Domainspeci�city in HEP

In the early and small experimentsdata was usually orga-
nized in compressed,self-describingdata structuresstoredin
�at �les. Somespecializedpackageswere developedto pro-
vide a set of independentlibraries providing specializedI/O
togetherwith physicsanalysisandmathsalgorithms,statistics
and visualizationfunctionality. The userhad to deal with the
complexity of the data's physicallayout.

Someframeworks like PAW[16] hadappearedby thenwith
the intentionof providing the enduserwith somesubroutines
of tools that would integrate the referredpackages(like his-
togramming).Theuserhadto programmany linesof codeusing
iterative languageslike FORTRAN to specifyhis applicational
coderepresentingthequeryto thephysicsdatabase.Sincethese
libraries tendedto be extremelygeneric,imposingto the user
theknowledgeof thedataspeci�c layoutandincludingwriting
codeto dealwith the complexity of the dataincluding transfer
to main memory, it becametoo complex to usethemandthey
had limited re-usability.

In a secondgenerationof frameworks (like ARTE[4] in the
experimentHera-B/DESY[15] or ROOT[10] for generalexper-
iments) object-orientedconceptswere used.The idea was to
pro�t from the object-orientedtechnology in terms of ease
of coding and re-usability(althoughthe frameworks were not
purely object-oriented,but alsocontainedlegacy components).
They were successfulin providing a transparentaccessto ob-
jects in secondaryor tertiary storagein form of an event loop
abstraction(that means,all events of a run are accessedse-
quentially).The modularity of the frameworks also increased,

makingprogrammingand integratingdispersepackageseasier
for the end user. Distributed processingover several nodes
wasallowed in order to increasethe performance.The frame-
works were also meant to go along with all life phasesof
an experiment,i.e., data production,storage,simulation, and
reconstructionof the raw datainto physicsdata.

However, they fell shortof reachingall thelofty goalssetout
for them.Overall, we canstatethat theseframeworks arestill
not very domain-oriented.Indeed,thereareno abstractionlay-
ers,i.e., usersstill have to know theactualdatarepresentation,
albeit only in main memory. Whencodinga queryfor analysis
a userstill has to think aboutprogramstructuresand control
�o ws (sometimesevenin severaldifferentprogramparadigms).
Additionally, due to the legacy componentslots of intrinsics
haveto belearnedbeforeoneis ableto formulatequerieswithin
a framework.

In someexperiments,theusageof rudimentaltextual domain
speci�c commands(likeKAL in theexperimentARGUS/DESY[12],
"Z in ZEUS/DESY[14], or ATGEN in ATLAS/CERN[13]) has
beenreported.Sincethedesigndid not follow amethodological
approach(resultingin a grammar)but was donein an ad-hoc
manner, we cannotreally call themlanguages.We would rather
call themcollectionsof commands.They arevery in�e xible and
con�ned to the scopeof the experimentsin which they were
developed.Furthermore,they are in no way standardizedand
provide almostno abstraction.

B. Visual Languagesin the Context of HEP

Usually, learning the different programminglanguagesand
datamodelsandphysicalimplementationfor the varioustools
is the �rst obstaclewhenthe useris moving from oneexperi-
ment to another. Visual Languages(VL) take advantageof the
bandwidthof theeye as“input device” andareusuallyeasierto
usethantext-basedinterfacesfor untrainedusers.On theother
hand,VLs areintuitive for peoplein thedomain,not forcing the
userto memorizeit, andbeingableto expresshis querywhile
thinking of it, signi�cantly reducingtheerrorrate(this happens
especiallyif they aredeclarativebecauseno programminglogic
will be involved, which reducesthe complexity even more).
Thus,they make it possiblefor inexperiencedor untrainedusers
to use information systems.An important subsetof VL are
the visual querylanguages(VQL), whosepurposeis to extract
information from storeddata.

We can �nd examplesof visual domainspeci�c languages
(VDSL) implementationsin areassuch as robot control [7],
VLSI design [5], CASE tools [11] , languagesfor software
modelingdesignlike UML [6], andGIS [9]. To our knowledge,
no VDSL existsfor for theanalysisof datacollectedin physics
experiments,or otherHEP purposes.

I I I PROJECT PHEASANT - HOW DID WE ENGINEER IT?

This motivatedus to proposeanunifying framework tailored
to the needsof physicistsanalyzingexperimentaldatadistin-
guishingbetweenlogical and the physical layer. We raisethe
abstractionlevel, (see picture 1),beyond coding by allowing



thephysicistto work with a declarative Domainspeci�c visual
Query languages(DSVQL). With the DSVQL, a problem is
describedby constructinga queryusingdomainconcepts.The
�nal queriesareautomaticallygeneratedfrom thesehigh-level
speci�cationswith a domain-speci�ccodegenerator.

The querieson the physicsdecayschannelsareconstructed
from elementsrepresentingthingsthat arepart of the problem
spaceof thedomain,not thecodedimplementationspace.This
makes it easierfor the user to becomeacquaintedwith the
system.

This approachwill meanto theuserthatnobodyhasto know
thephysicallayoutof data,sinceall queriesareformulatedona
logical level. If theneedfor extensionof thelanguagerises,(i.e.
to addwith new algorithmsfor advancedusers),themodularity
of this approachhelps on re-usageof code and keeping the
programmingactivities controlled.

As a �rst stepwe conducteda requirementsanalysisto de-
terminethe physicistsdemandsas thoroughlyaspossible.We
thenproceededby modelingtheHEPdataanalysisenvironment
[2].

Following this initial stageswe had the proper ground to
start with the designof the Visual Languageby identifying
the commonpatternsin the analysiscode.Basedon that, the
languagewas proposedand its formalization by de�ning the
grammarandsemanticswas ful�lled.

The architectureof the framework was delineatedand the
implementationusing a prototypeengineeringlife-cycle was
started.Let usnow takeacloserlook at theengineeringprocess.

A. First Iteration of PrototypingEngineeringlife-cycle(learn-
ing the process)

Designingandimplementingsoftwareis an iterative process.
After goingthrougha wholecycle andreceiving feedbackfrom
the endusers,we go backto the �rst stepandrun throughthe
life-cycle againuntil the endusersareadequatelysatis�ed.

B. Step1: Requirementsanalysis

Lots of different tasks have to be done, when analyzing
datageneratedby detectors.Someof the tasks,however, are
concernedwith preparingthe datafor the actualanalysis.Fig-
ure 2 gives a rough sketch of the whole process.We focus
on the actual analysis,which is done in the last three steps.
After identifying our �eld of work, we hadto gatherasmuch
knowledgeaboutthedomainaspossible.This wasdoneby re-
engineeringexisting tools, talking to users,andobservingtheir
query patterns.This resultedin a datamodel speci�cation (in
the form of an ER-diagram,seeFigure 3) and an (informal)
descriptionof a query language.

C. Step2: Developing a Domain Speci�c Query Language
DSQL

Thenext stepinvolvedformalizingthenotionsderivedin the
�rst step.That means,we de�ned the syntaxand the seman-
tics of our language.For the de�nition of the syntaxwe cast

Raw Data - Hi ts (x,y,z,L,E) ,(qq,gg)
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Match between segments

Full tracks, Par ticle ID L ikelihoods

Reconstruction decays, tagging
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Fig. 2. Identifying the problemdomain:Analysis role in the HEP datalife
cycle

the operatorsinto graphicalrepresentationsand describedthe
languageformally with the help of a grammar. We de�ned the
semanticsof our language(via transformationalsemantics)by
mappingthe operatorsto well-known relationalalgebraopera-
tors.

D. Step3: First Prototypeimplementation

This stepcomprisesthedesignandimplementationof a pro-
totypeof the Pheasantframework (for an overview seeFigure
4). In a �rst stepwe have to translateour visualquerylanguage
into an internal representationin form of an abstractsyntax
graph(ASG). This stepis quite straightforward and resultsin
analmostone-to-onemappingof graphicalcomponentsontoin-
ternaldatastructures.TheASGin turn is translatedinto a query
plan consistingof physicalalgebraicoperators.Thesephysical
operatorsaremore �e xible andpowerful thana representation
via nodesandedgesin an ASG. (We alsoplan to optimizethe
queryplan.However, queryoptimizationis not yet includedin
the �rst prototype.Becausewe usea queryplan consistingof
algebraicoperatorswe canfall backon optimizationtechniques
employed in databases.)Next we translatethis queryplan into
the appropriateprogramminglanguageof the existing tools.
(We also plan to do someoptimizationduring this processin
the nearfuture.)

E. Step4: Evaluationof the Prototype

An important step is the evaluationof the prototype.(The
whole ideaof rapidprototypingis the fastimplementationof a
runningprototypethat is presentedto theenduser. Discussions
with the end usersare done on the basisof this prototype.)
We want to identify possibleweaknessesof our framework in
termsof userfriendlinessaswell asperformance.Potentialend
userswill assessthe framework by meansof questionnaires.A
promisingpreliminarysurvey hasbeendone,a morethorough
evaluationwill follow.



Fig. 3. DataModel speci�cation: Schemaof the physicalelements

F. Step5: Start new software-engineerlife-cycle

As alreadymentioned,going through a cycle of designing
andimplementingis donemorethanonce.Of course,this does
not meanthat we have to redo all our previous work at each
step.We expectthenumberof changesfor further cyclesto be
diminishingeachtime.

IV CONCLUSIONS

Herewe brie�y recapitulateour approach,describethe cur-
rent statusof our framework Pheasant,and sketch the future
work.

A. Whathavewe introduced?

We proposea generalframework for the HEP analysispro-
cess.This will simplify the work of physicistsengagedin this
domainconsiderably. Distinguishingandseparatingseveralab-
straction layers makes it easier to extend and optimize the
framework.

Due to the modularity of our approachan experienceduser
can apply our framework merely as a front-endto suchtools
as ARTE [4], ROOT[10], or PAW[16]. With this front-endhe
or she can rapidly generatecode (e.g. SQL or C++) for the
conventionaltools andmodify this codein the usualway.

B. What is the current statusof Pheasant?

We speci�ed theformal syntaxandsemanticsof thedomain-
speci�c languagePheasantQL and implementeda graphical
userinterfacefor formulatingqueries(seeFigure5). Thephys-
ical operators'layer hasalsobeenimplementedandthe mech-
anism for mappingabstractsyntax graphsto query plans is

underconstructionat the moment.For result visualizationwe
integratedthe ROOT histogrammingtools. A preliminary as-
sessmentof our framework turnedout positive.

C. What is still to come?

At the momentwe supportthe speci�cation of datacollec-
tions, decay chains, and result sets.Dependingon the sug-
gestionsmadeby the end usersthis might not stay this way.
We may have to re�ne and extend our query languageon the
conceptuallevel. For example,oneproposedway to extendthe
languageis to introducea methodto commentqueries.Now
that we have gainedinsight into the analysisprocess,we want
to considerusing meta-modelingtechniquesfor modeling the
query language,identifying andextractinggeneralconcepts.

On the logical and physical level we want to �nish imple-
mentingall translationstepsintroducingoptimizationin order
to increasethe performanceof the system.

A further point we want to work on (and which involves
all abstractionlevels) is the introduction of query versioning
andstoring.This means,that userscansave, load,andmodify
different versionsof the samequery. In this context we also
think of storinganswersetstemporarilyfor further querying.
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