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Abstract
For beamfocusingand steeringat BESSY II applicationsare usedthat are
genericenoughto describeandcorrectall acceleratorsectionsatBESSYII by
singleprograminstances.E.g. the program‘Orbit’ providesthe appropriate
executionmodesto measureandcorrectthebeamtrajectoryin thefastcycling
boostersynchrotron(differentenergy levels), in thestoragering (closedorbit
andsingleturn measurementmode)andin thedifferenttransferlines. Basic
ingrediendsareanOOmodellingtoolkit, anORACLE databaseproviding the
configurationdataconnectingmagnetsandpower suppliesanda well sepa-
ratedinterfaceto theGUI. Physicsmethodsdynamicallyadaptto thespecific
system. Device bookkeepingand screenupdateis generallybasedon call-
backs.As residualnon-genericprogramelementsthedatanavigationfeatures,
like displayoptions,meaningfuloperationmodesetc.,remainandreflectthe
specificsystemdifferences.

1. INTRODUCTION

Third generationlight sourceshave to deliverbeamqualitybeyondtodaystechnicallyachievablepassive
stability. Requirementsfor well definedbeamconditionsaretypically metby controlsystemapplications
performingperiodicorbit recenteringsandopticsreadjustments.Despitethe fact that programsin use
at otherlight sourcesor ‘particle factories’arecomparablewith respectto functionality, precisionand
reliability thereis no commonor sharableapproachavailableyet.

The following descriptionof the beamsteeringandshapingapplicationsin useat BESSYII is
focusedon the software modulesand interfaces,not on achieved resultsor operationalperformance.
Theseprogramsarenot yet sharablebut genericin thesensethatsingleprograminstancesdescribeand
controlall differentacceleratorsectionsatBESSYII. Theorbit measurementandcorrectionprogramfor
examplereadsandsteersthebeamtrajectoriesin thefastcycling boostersynchrotron(differentenergy
levels),in thestoragering (closedorbit andsingleturn measurementmode)andin thedifferenttransfer
lines.

2. GENERAL PROGRAM ANATOMY

2.1 Program Components

Theapplicationenvironmentat BESSYII partly determinesthefundamentallayoutof theprograms:

2.11 GraphicalUserInterface(GUI)

Userinteractionanddatapresentationis handledby adedicatedGUI server [1]. Applicationsaregraphi-
calclientsusingtheAPI to thisserver, freefrom graphicalcodeandnotawareof any GUI element.User
requests(type button, chooser) or dataupdates(type meter, message) aremediatedby changesof the
correspondingapplicationvariables(typedouble, string). Theactualrepresentationinstances(look and
feel, layout,multiplicity etc.) of theapplicationvariablesaredescribedindependentlyandexternally in
‘form’ files (seeFig. 1). Thedataobjectslinking representationandapplicationentitiesaremaintained
within thegraphicsserver. Theonly exceptionof anot fully decoupledgraphicalpresentationis imposed
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Fig. 1: Elementsof theBESSYDevelopmentEnvironment:GUI Server/Client(left) andC++ Model Toolkit (right)

by thecomplex xrtGraph[2] widgetusedfor 2D diagrams(examplesin fig. 5, 6): Hereasimpleone-by-
onemappingof widgetandapplicationdatasetsis not possible:a ‘commandandnotify’ string is used
in an OP-codetype mannerto control basicwidget functionalities(e.g.attachstring arrayof labelsto
arraysof adatasets)or to reportresultsof useractions(e.g.selectionof adataregion).

2.12 ModellingToolkit

A C++ modelling toolkit (Goemon)[3] featuresinheritanceof single lattice componentsaswell asof
variousbeamline types(seeFig. 1). Differentmodelsareeasilysetup usingoverloadedassignment
operatorsto model smallersectorsof an acceleratorstructureand collate them to the sectionunder
study. Sequencesof elementsof certaintype andlengthareturnedinto acceleratorobjectsby adding
magneticstrengthandappropriatetransferfunctions.Memberfunctionsof theacceleratorobjectallow
to manipulatethemodel(setpoints,displacements,etc.)andto performopticscalculations.

2.13 UniqueReferenceData

A centralORACLEdatabaseholdsthereferencerepositoryproviding auniquedatasourcefor all relevant
configurations[4]. Dataaresetup andmaintainedby theequipmentresponsibleperson(Fig. 2). Export
of datato the download areaof the IOC’s or to cachefiles usedby genericapplicationsis doneby
programsor scripts(Fig. 3). DynamicprogramsuseDB queries(OCI) for their configuration.For the
modeltoolkit elementsequence,lengthandpositionareextractedfrom thedatabase.

2.14 SupportUtilities

TheC++ modelobjectmaybepassedto utility packagesby its pointerandqueriedor modifiedby the
(optical) memberfunctions. Magnet- power-supply wiring (Fig. 3), conversionfactors,device I/O,
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Fig. 3: Roleof theReferenceDatabase:DataExportMechanismsfor variousGenericApplications(left). Mappingbetween

ControlSystemandModel (Wiring, ConversionFactors,device I/O, SynchronizedModel/Power SupplyUpdate)(right)
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power supplysetpoint synchronization,modelupdateandfitting of optical parametersaretaken care
of by sucha supportlibrary. Orbit measurements,BPM datavalidity checksandstatisticalanalysisare
handledby anotherutility library.

2.2 Program Flow

Only during start-upthe programsbranchaccordingto the commandline arguments:the application
triggerstheGUI server to readtheappropriatebaseform andmarks(if needed)theacceleratorsection
to bemodeled.Furtheron theprogramauto-configures(seefig. 4):

- Basicsetup: from thevariablesandpresentationelementsfoundin theassociatedgraphicdescrip-
tion file the GUI server configuresscreenanddataobjects,allocationof the correspondingdata
structureswithin theapplicationis initiated.

- Model/Device accessobjects:repliesfrom thedatabaseprovide theinformationsneededto setup
themodelandthemagnet- power-supplycorrelations.

- Databuffersandeventobjectsaredynamicallycreatedaccordingto detecteddimensions,correla-
tionsandassociatedcallbackfunctions.

Physicsmethodsadaptto the particularsystem.Device bookkeepingandscreenupdateis gen-
erally basedon callbacks.As residualnon-genericprogramelementsspecificdatanavigation features,
likedisplayoptions,meaningfulsystemor programoperationmodesetc.,remainandreflectthespecific
systemdifferences.
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Fig. 5: The‘Orbit’ GUI: Main ControllerWindows (left), BPM Data,Orbit CorrectionandBumpScreens(right, from top)

3. APPLICATIONS

3.1 Orbit Control

The‘Orbit’ displayandcontrolprogramprovidesawidevarietyof functionalitiescoveringseveralareas
of controlactivity in thedifferentacceleratorsectionssynchrotron,storagering andtransferlines. The
following basicprogrammodeshave alreadybeendescribedin moredetail[5]:

- supportof an‘All-in-One’ GUI (Fig. 5)

- datapresentation,statisticalevaluation

- controlof themeasurementsystemandmanipulationof datavalidity

- manualor automaticorbit correctionwith differentmethodsundervaryingconditions

- selectionof closedorbit bumpsfrom preconfiguredlists (insertiondevice, achromat)or by free
configuration(click oncoordinate,correctionelement)

- datacorrelation,responsematrixmeasurement:
device stepping,datalogging,postprocessorlaunching.
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Fig. 6: The‘Optics: Main ControllerWindow (left), TuneandChromaticityCorrection(right)

Dueto feedbackof evaluatedmeasurementsinto thecurrent/magneticfield conversionfactorsand
theBPM calibrationstheprogramworksevenin themodelbasedmodevery reliableandaccurate.

3.2 Optics

Sincetuneandchromaticitymeasurementsarestill offline the‘Optics’ programis in a lessmaturestage.
It servesmoreasanonlinemodeldescribingtheopticalpropertiesof theactualmachinesetpointsand
their dependencieson parametervariations(Seefig. 6 and[5]). Fitting proceduresadjustingthe tune
with a selectablequadrupolegrouparefirst stepstowardan automatedcompensationof tuneshift and
betabeatingcausedby gapvariationof not fully balancedinsertiondevices.

4. SUMMARY, EXPERIENCES

In summarytheconsistency of agenericandcompletelyeventdrivensystemhasappreciableadvantages.
The referencerepositoryandthe C++ modellingtoolkit have shown their benefitsandestablishedthe
environmentfor powerful supportlibraries. The genericapplicationsevolved ‘down-stream’with the
installationprocedureof theacceleratorsegments.They worked very reliableat start-upof thestorage
ring andturnedout to beessentialfor thecommissioningprocedure.

5. LESSONS LEARNED

The generalityachieved with the applicationsdevelopedat BESSY and the examinationof portable
solutionssuccessfullyappliedelsewheregiveanideaof apossibleframework for fully generic,sharable
ABS software.

5.1 Required Modules

A precursorof genericABS applicationswouldbeacommonrepositoryof easyintegrable‘component-
ware’. Thecoreof thetypical beamsteeringcontrolissues,like

* Orbit recenteringandmanipulation
* Dispersioncontrol
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* Couplingcompensation
* Emittanceconservation
* Lifetime improvement

comprisecomparablesoftwarefragmentswith only slightly differingmethodsandimplementation
constraints.The exampleof a reliable,preciseandflexible orbit control programgives insight on the
ingredientsof themajormodules:

- Solver/CalculationModule:
A numberof different mathematicalmethodsare well establishedand known to find the cor-
rection suited‘best’ for a specificsituation(SVD, harmoniccorrection,MICADO, etc.). The
achievable‘improvement’dependsstronglyon theappropriateweighingof thedifferentfigureof
merits (RMS deviation at electronic/photonBPM, ‘fix ed’ sourcepoint, etc.) as well as on the
specificproblembreakupstrategy (global/localcorrectionsubsystems,modelbased/experimental
responsematrixetc.).
Dataconditioningstrategieshave anequallystrongeffect on theperformanceof a correctionpro-
cedure.BPM datarequireaplausibilityanalysis,weighing,detectionof improperoperationof the
measurementsystem.Limits on the adressablesetpointsof the involved correctors(status,max
values,digital resolution)addthenecessityof boundaryconditionhandlingto thecalculationof
theidealcorrection.
In this context implementationissues(API, programminglanguage)aswell asdependencieson
externalsoftwarepackagesaremoretechnicalportability aspects.

- DataAquisition,Apply Procedures:
This programsegmentsstronglydependon thespecificsof themeasurementsystemandthedif-
ferentcontrolsystemprotocols.This is reflectedin theprinciplesof sendingcorrections(synchro-
nization)andby theimplementationvariants(controlsystemcommunicationparadigm).But there
arestill anumberof commonprocedures,e.g.theorbit measurementdatahave to undergovalidity
checks,fault detectionanalysisetc. Ramputilities have to handleproperstepsize,reacton errors
and exceptions. Drift compensations(‘slow feedback’procedures)requireadjustableregulator
algorithms(PID).

5.2 Minimal Common Ground: Interfaces, Architecture

Therearenumerouswaysto glue differentsoftwaremodulestogetherto make up applicationswith a
comparablespectrumof functionalities. For genericABS softwarea minimal granularityseemsto be
necessary(Fig. 7): Varioussolver andcorrectioncalculationfacilities aswell asan integratedmodel
aretheobviouscoreof any ABS application.TheGUI andthecontrolsystemI/O shouldbeseparated
by appropriateinterfaces,preferableAPI’s. CDEV [6] asmiddlewarebetweenapplicationandcontrol
systemhasalreadyproven to enhanceprogramportability. For the GUI java is a promisingcandidate
alreadyunderstudyat variousplaces.In additionthedatatakingandevaluatingengineaswell asthe
setpoint applyingrampunit shouldbe well encapsulatedto allow for specificsof BPM andcorrector
systems.Finally localizationof programconfigurationis amustfor any genericsolution.

5.3 Remaining Problem Source: Diversity

Onthewayto operationalapplicationprogramsanumberof differentimplementationvariantsarefeasi-
ble thatarewell suitedto impair theusefulnessof anABS programfor anothersite:

* Model Integration: sucessfullyappliedsolutionscomprisetoolkit libraries,modelservers,shell
scriptsusingstandardtools(e.g.MAD) in afilter/pipemodeor setsof precalculatedoutputdata.

* ConfigurationManagement:if aRDBMSis properlysetup,onlinequeriesarefeasible.Otherwise
(moreor less)standardizedfile/datasetformatsarenecessary.
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* Architecture:agreementon a numberof established,canonicaltoolkit modulesis certainly less
flexible thanwell definedAPIs or pipechains(SDDS)allowing for a varietyof underlyingmod-
ules.

* Flow control: extremeflavoursare‘sequential’(allowing for commandfile configuration,inter-
pretedinterfaces)and‘datadriven’ (asynchronous,basedon callbacks,eventoriented)

* GUI technology: a commonunderstandingof a minimal and sufficiently powerful set of user
interactionanddataviewing elementsis hardto achieve.
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