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Abstract

For beamfocusingand steeringat BESSY Il applicationsare usedthat are
genericenoughto describeandcorrectall acceleratosectionsat BESSYII by
single programinstances.E.g. the program'Orbit’ providesthe appropriate
executionmodesto measurandcorrectthe beamtrajectoryin thefastcycling
boostersynchrotron(differentenegy levels), in the storagering (closedorbit
andsingleturn measuremennode)andin the differenttransferlines. Basic
ingrediendsarean OO modellingtoolkit, an ORACLE databas@roviding the
configurationdataconnectingmagnetsand power suppliesand a well sepa-
ratedinterfaceto the GUI. Physicsmethodsdynamicallyadaptto the specific
system. Device bookkeepingand screenupdateis generallybasedon call-
backs.As residualnon-generigprogramelementshe datanavigationfeatures,
like display options,meaningfuloperationmodesetc.,remainandreflectthe
specificsystemdifferences.

1. INTRODUCTION

Third generatioright sourceave to deliver beamquality beyondtodaystechnicallyachievable passie

stability Requirementgor well definedbeamconditionsaretypically metby controlsystemapplications
performingperiodicorbit recenteringgand opticsreadjustmentsDespitethe fact that programsn use
at otherlight sourcesor ‘particle factories’are comparablewvith respecto functionality precisionand

reliability thereis no commonor sharableapproactavailableyet.

The following descriptionof the beamsteeringand shapingapplicationsin useat BESSY Il is
focusedon the software modulesand interfaces,not on achiezed resultsor operationalperformance.
Theseprogramsarenot yet sharablebut genericin the sensehatsingleprograminstanceslescribeand
controlall differentacceleratosectionsat BESSYII. Theorbit measuremerdandcorrectionprogramfor
examplereadsandsteerghe beamtrajectoriesin the fastcycling boostersynchrotron(differentenegy
levels),in the storagering (closedorbit andsingleturn measuremennode)andin the differenttransfer
lines.

2. GENERAL PROGRAM ANATOMY

2.1 Program Components
Theapplicationervironmentat BESSYII partly determineshe fundamentalayoutof the programs:

2.11 GraphicalUserInterface(GUI)

Userinteractionanddatapresentatiois handledoy adedicatedsUI sener[1]. Applicationsaregraphi-
cal clientsusingthe API to this sener, freefrom graphicalcodeandnotawareof any GUI element.User
requestqtype button choosej or dataupdategtype meter messge) are mediatedby changef the
correspondingpplicationvariables(type double string). The actualrepresentatiomstanceglook and
feel, layout, multiplicity etc.) of the applicationvariablesaredescribedndependenthandexternallyin

‘form’ files (seeFig. 1). Thedataobjectslinking representatioandapplicationentitiesaremaintained
within thegraphicssener. Theonly exceptionof anotfully decoupledyraphicalpresentations imposed
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Fig. 1: Elementsf the BESSY DevelopmentErnvironment:GUI Sener/Client(left) andC++ Model Toolkit (right)

by the complex xrtGraph2] widgetusedfor 2D diagramgexamplesn fig. 5, 6): Herea simpleone-by-
onemappingof widgetandapplicationdatasetsis not possible:a ‘commandandnotify’ stringis used
in an OP-codetype mannerto control basicwidget functionalities(e.g. attachstring array of labelsto
arraysof adatasetsdr to reportresultsof useractions(e.g.selectionof a dataregion).

2.12 Modelling Toolkit

A C++ modellingtoolkit (Goemon)[3 featuresinheritanceof single lattice componentaswell as of
variousbeamline types(seeFig. 1). Differentmodelsare easily setup using overloadedassignment
operatorsto model smaller sectorsof an acceleratorstructureand collate them to the sectionunder
study Sequencesf elementsof certaintype andlengthareturnedinto acceleratoobjectsby adding
magneticstrengthandappropriatdransferfunctions. Memberfunctionsof the acceleratoobjectallow
to manipulatehe model(setpoints,displacementsstc.) andto performopticscalculations.

2.13 UniqueRefeenceData

A centralORACLE databaséoldsthereferenceaepositoryproviding auniquedatasourcefor all relevant
configurations[{i Dataaresetup andmaintainedoy the equipmentesponsiblgerson(Fig. 2). Export
of datato the download areaof the IOC’s or to cachefiles usedby genericapplicationsis done by
programsor scripts(Fig. 3). DynamicprogramsuseDB queries(OCI) for their configuration.For the
modeltoolkit elementsequencdengthandpositionareextractedfrom the database.

2.14 SupportUtilities

The C++ modelobjectmay be passedo utility packagedby its pointerandqueriedor modifiedby the
(optical) memberfunctions. Magnet- powversupply wiring (Fig. 3), conversionfactors,device 1/O,
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cdev

power supply setpoint synchronizationmodel updateandfitting of optical parametersretaken care
of by sucha supportlibrary. Orbit measurement&PM datavalidity checksandstatisticalanalysisare
handledby anotherutility library.

2.2 Program Flow

Only during start-upthe programsbranchaccordingto the commandline arguments:the application
triggersthe GUI sener to readthe appropriatebaseform andmarks(if needed}he acceleratosection
to be modeled Furtheron the programauto-configuregseefig. 4):

- Basicsetup: from thevariablesandpresentatiomlementsoundin theassociategraphicdescrip-
tion file the GUI sener configuresscreenanddataobjects,allocationof the correspondinglata
structureswithin theapplicationis initiated.

- Model/Device acces®bjects:repliesfrom the databas@rovide theinformationsneededo setup
themodelandthe magnet powver-supplycorrelations.

- Databuffersandeventobjectsaredynamicallycreatedaccordingto detectedlimensionscorrela-
tionsandassociatedallbackfunctions.

Physicsmethodsadaptto the particularsystem. Device booklkeepingand screenupdateis gen-
erally basedon callbacks.As residualnon-generigprogramelementsspecificdatanavigation features,
like displayoptions,meaningfulsystemor programoperationrmodesetc.,remainandreflectthe specific
systemdifferences.
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Fig.5: The‘Orbit’ GUI: Main ControllerWindows (left), BPM Data, Orbit CorrectionandBump Screengright, from top)

3. APPLICATIONS
3.1 Orbit Control

The‘Orbit’ displayandcontrolprogramprovidesawide variety of functionalitiescovering severalareas
of controlactwvity in the differentacceleratosectionssynchrotron storagering andtransferlines. The
following basicprogrammodeshave alreadybeendescribedn moredetail [5]:

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

- datapresentationstatisticalevaluation

- controlof the measuremergystemandmanipulationof datavalidity

- manualor automaticorbit correctionwith differentmethodsundervarying conditions

- selectionof closedorbit bumpsfrom preconfiguredists (insertiondevice, achromat)or by free
configuration(click on coordinatecorrectionelement)

- datacorrelation responsenatrix measurement:
device steppingdatalogging, postprocessdaunching.
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Fig. 6: The‘Optics: Main ControllerWindow (left), TuneandChromaticityCorrection(right)

Dueto feedbaclof evaluatedmeasuremenisto the current/magnetiéield corversionfactorsand
the BPM calibrationsthe programworksevenin themodelbasednodevery reliableandaccurate.

3.2 Optics

Sincetuneandchromaticitymeasurementrestill offline the‘Optics’ programis in alessmaturestage.
It senesmoreasanonline modeldescribingthe optical propertiesof the actualmachinesetpointsand
their dependenciesn parametewariations(Seefig. 6 and[5]). Fitting proceduresdjustingthe tune
with a selectablequadrupolegrouparefirst stepstoward an automateccompensatiorf tune shift and
betabeatingcausedy gapvariationof notfully balancednsertiondevices.

4. SUMMARY, EXPERIENCES

In summarytheconsisteng of agenericandcompletelyeventdrivensystemhasappreciabledwantages.
The referencerepositoryandthe C++ modellingtoolkit have shavn their benefitsand establishedhe
environmentfor powerful supportlibraries. The genericapplicationsevolved ‘down-stream’with the
installationprocedureof the acceleratosegments. They worked very reliable at start-upof the storage
ring andturnedoutto beessentiafor thecommissioningorocedure.

5. LESSONSLEARNED

The generalityachieved with the applicationsdevelopedat BESSY and the examinationof portable
solutionssuccessfullyappliedelsavheregive anideaof a possibleframeavork for fully generic,sharable
ABS software.

5.1 Required Modules

A precursoiof genericABS applicationsvould bea commonrepositoryof easyintegrable‘component-
ware’. Thecoreof thetypical beamsteeringcontrolissueslike

e Orbit recenteringandmanipulation
e Dispersioncontrol
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e Couplingcompensation
e Emittanceconseration
e Lifetime improvement

comprisecomparableoftwarefragmentswith only slightly differing methodsandimplementation
constraints. The exampleof a reliable, preciseandflexible orbit control programgivesinsight on the
ingredientsof themajormodules:

- Solwer/CalculatiorModule:
A numberof different mathematicaimethodsare well establishedand known to find the cor
rection suited ‘best’ for a specificsituation (SVD, harmoniccorrection,MICADO, etc.). The
achieable‘improvement’dependstronglyon the appropriatenveighingof the differentfigure of
merits (RMS deviation at electronic/photorBPM, ‘fixed’ sourcepoint, etc.) aswell ason the
specificproblembreakup stratgy (global/localcorrectionsubsystemsnodelbased/gperimental
responsenatrix etc.).
Dataconditioningstratgieshave anequallystrongeffect on the performancef a correctionpro-
cedure.BPM datarequireaplausibility analysisweighing,detectionof improperoperationof the
measuremergystem. Limits on the adressablesetpointsof the involved correctors(status,max
values,digital resolution)addthe necessityof boundaryconditionhandlingto the calculationof
theidealcorrection.
In this context implementationssues(API, programminglanguagelaswell asdependenciesn
externalsoftwarepackagesremoretechnicalportability aspects.

- DataAquisition, Apply Procedures:
This programsegmentsstrongly dependon the specificsof the measuremergystemandthe dif-
ferentcontrolsystenprotocols.Thisis reflectedn the principlesof sendingcorrectiongsynchro-
nization)andby theimplementatiorvariants(controlsystemcommunicatiorparadigm) But there
arestill anumberof commonproceduresg.g.theorbit measuremerdatahave to undego validity
checksfault detectionanalysisetc. Ramputilities have to handleproperstepsize,reacton errors
and exceptions. Drift compensation¢'slow feedback’proceduresyequireadjustableregulator
algorithms(PID).

5.2 Minimal Common Ground: Interfaces, Architecture

Thereare numerouswvaysto glue differentsoftware modulestogetherto make up applicationswith a
comparablespectrumof functionalities. For genericABS software a minimal granularityseemso be
necessaryFig. 7): Varioussolver and correctioncalculationfacilities aswell asan integratedmodel
arethe olbvious coreof any ABS application. The GUI andthe control systeml/O shouldbe separated
by appropriatenterfaces,preferableAPl’'s. CDEV [6] asmiddlewvare betweenapplicationandcontrol
systemhasalreadyproven to enhanceprogramportability For the GUI java is a promisingcandidate
alreadyunderstudyat variousplaces. In additionthe datataking and evaluatingengineaswell asthe
setpoint applyingrampunit shouldbe well encapsulatedb allow for specificsof BPM and corrector
systemskFinally localizationof programconfigurationis a mustfor any genericsolution.

5.3 Remaining Problem Source: Diversity
Onthewayto operationabpplicationprogramsa numberof differentimplementatiorvariantsarefeasi-
ble thatarewell suitedto impairthe usefulnes®f an ABS programfor anothersite:
e Model Integration: sucessfullyappliedsolutionscomprisetoolkit libraries, modelseners, shell
scriptsusingstandardools(e.g. MAD) in afilter/pipe modeor setsof precalculate@utputdata.

¢ ConfiguratiorManagementif aRDBMSis properlysetup, onlinequeriesarefeasible.Otherwise
(moreor less)standardizedile/datasetformatsarenecessary
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Fig. 7: Sketchof apossibleArchitecturefor SharableABS software

e Architecture: agreemenbn a numberof establishedcanonicaltoolkit modulesis certainlyless
flexible thanwell definedAPIs or pipe chains(SDDS)allowing for a variety of underlyingmod-
ules.

e Flow control: extremeflavoursare ‘sequential’(allowing for commandfile configuration,inter
pretedinterfaces)and‘datadriven’ (asynchronoud)asedn callbacksgventoriented)

e GUI technology: a commonunderstandingf a minimal and sufficiently powerful setof user
interactionanddataviewing elementss hardto achieve.
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