
Infinitevdimensionalvoptimisticvoptimisation
withvapplicationvonvphysicalvsystems

Introduction

IIIIIOptimisationIalgorithmsItoIoptimiseIblackGboxIfunctionsIwithIminimalInumberIofI
evaluationsIisIanIactiveIfieldIofIresearchP
I

IIIIISimultaneousIOptimisticIOptimizationI'SOOAIisIoneIofItheIalgorithmIthatIisI
guaranteedItoIachieveItheIglobalImaximumIofIaIfunctionIwithinIaIboundedIareaI
withoutIanyIpriorIassumptionsIonItheIfunctionP
I

IIIIIInIphysicalIsystemsMIthereIareIseveralIproblemsIthatIrequireIoptimisationIofI
functionalsIinsteadIofIfunctionMIforIexampleMIqwhatIisItheIshapeIofItrajectoryIofIaIballI
toIreachIsomeIpointsIinItheIshortestIamountIofItime8q
I

IIIIIHereIweIpresentIanIextensionIofISOOItoIoptimiseIfunctionalsIorIinfiniteI
dimensionalIoptimisationP

Method

IIIIISOOIisIaItreeGbasedIsearchI
algorithmIwhichIpartitionsItheIsearchI
spaceIintoIseveralIcellsP
I

IIIIIInitiallyMIthereIisIonlyIoneIcellI
whichIcontainsIallItheIsearchIspaceI
andItheIcentralIpointIofItheIcellIisI
evaluatedPIThisIisItheItreeTsIrootP
II

IIIIITheIcellIisIthenIdividedIintoIKI
smallerIcellsIandItheirIcentralIpointsI
areIevaluatedPITheIsmallerIcellsIareI
childrenIofItheIdividedIcellP Conclusions

[InovelIextensionIofISimultaneousIOptimisticIOptimizationI'SOOAIforIinfiniteIdimensionalI
optimisationIhasIbeenIpresentedIforItheIfirstItimeIinIthisIpaperPITheIobjectiveIofItheI
algorithmIisItoIfindIaIcurveIorIaI0KIfunctionItoIobtainItheImaximumIvalueIofItheIgivenI
functionalPITheIalgorithmIhasIbeenItestedIagainstItheIoriginalISOOIandIIMGPOIwithIfixedI
dimensionsItoIsolveIanalyticallyIknownIphysicalIsystemsMIsuchIasItheIbrachistochroneIandI
theIcatenaryIproblemsPIInIallItestIcasesMItheInewImultiGlevelISOOIgivesIfasterIconvergenceI
toItheIactualIsolutionMIcomparedItoItheIotherItwoIalgorithmP
I

TheIbiggestIadvantageIofIusingImultiGlevelISOOItoIoptimiseIphysicalIsystemsIisIthatIitIdoesI
notIneedItheIgradientIofItheIsystemMIjustIaIfunctionalItoIcalculateItheIvalueIofItestedI
functionsPIItIisIsuitableItoIoptimiseIshapesIinIphysicalIsystemsIthatIrequireIsimulationsItoI
computeItheIfunctionalIvaluesP
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Numericalvexperiments

0PIBrachistochroneBIshapeIofItheI
fastestIpathIwithIgravityIgU0IfromI
pointI'=M=AItoIpointI'0M=AIwithIinitialI
velocityI=P764M
I

6PICatenaryBIshapeIofItheIminimumI
surfaceIareaIofIpathIbetweenI'=M0AItoI
'0M0AIifIitIisIrotatedIalongIxGaxisM
I

2PIBrachistochrone with dragBIshapeI
ofItheIfastestIpathIwithIgravityIgU0IandI
linearIdragMIFUG'=P=6AvIfromIpointI'=M=AI
toI'0M=P409AIwithIinitialIvelocityI0P0#P

Cases Testedvalgorithms
0PIOurIalgorithmMIMultiGlevelI
SimultaneousIOptimisticIOptimizationI
'ML-SOOA
I

6PISimultaneousIOptimisticI
OptimizationI'SOOA0

I

2PIInfiniteGMetricIGPIOptimizationI
'IMGPOA6

Illustrationvofvthevalgorithm Experimentalvresults

RaseI"0
]rachistochrone

RaseI"6
Ratenary

Casev{z
Brachistochronevwithvdrag

Solutions

MLBSOO SOO IMGPO

Obtainedvsolutions Actualvsolutions

Problemvstatement
RonsiderIaI0KIfunctionMIIIIIIIIIIIIIIIIIIIIIIwhereIIIIIIIIIIIareIboundedIinIIIIIwithIfixedIendI
pointsPIItIisIanIinputIofIaIfunctionalIIIIIIIIIIIIIIIIIIIIIIIIIPI5ind

SimultaneousvOptimisticvOptimizationvTSOOgG

MultivLevelvSOOvTMLBSOOg

IIIIITheIalgorithmIchecksIforIeveryIlevelIinItheItreePIIfIaIcellIhasIaIcentreIvalueIlargerI
thanIanyIcellsIwithIlargerIorItheIsameIsizeMIthenItheIcellIisIdividedP
I

IIIIITheIprocessIisIrepeatedIuntilIanyIstoppingIconditionsIreachedP

IIIIIMLGSOOIstartsIwithIoneIdimensionalIsearchIspaceMIwhichIdenotesItheIpositionIofI
theImiddleIpointIbetweenItwoIendIpointsPI[lsoIinitialiseIlU0P
I

IIIIIRellsIareIdividedIaccordingItoISOOIalgorithmIuntilIallItheIwidthsIareIlessIthanIorI
equalItoIpGlP
I

IIIIIIfIaIcellIhasIallIwidthsIlessIthanIorIequalItoIp-lMIthenIaddI6lInewIdimensionsIwithI
widthIp-lPITheInewIdimensionsIcorrespondItoI6lInewlyIaddedIpointsIinItheImiddleIofI
previousIpointsPIUpdateIlIUIlIDI0P
I

IIIII[IcellIisIdividedIalongItheIlongestIdimensionMIorIifIthereIareImoreIthanIoneI
dimensionsIwithItheIsameIwidthMItheIToldestTIdimensionIisIdividedIfirstP
I

IIIIIIfIaIcellIisIdividedIalongItheIToldTIdimensionMItheIpositionIinITnewerTIdimensionI
aroundIitIisIalsoIchangedP
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'aAIItIstartsIwithIoneIdimensionMIIIIIMIandItheIpositionIofIIIIIIIisI=P
'bAITheIcellIisIdividedItoI2IsmallerIcellsPITheIfunctionIatIIIIonItheIsearchIspaceIisI
shownIatItheIbottomMIwhereIIIIIIIUI=P79P
'cAI[llIcellsInowIhasIwidthIofI0:2IofItheIinitialIwidthMIsoItwoInewIdimensionsIareI
addedIinItheIsearchIspaceMIandItwoInewIpointsIareIaddedIinItheIfunctionPITheIToldTI
dimensionIisIIIIIIIIwhileItheITnewerTIdimensionsIareIIIIIIIIandIIIIIIIP
'dAITheIrightmostIcellIisIdividedIalongItheIToldTIdimensionMIIIIIIMIandIalsoIchangesItheI
positionIofIIIIIIIIandIIIIIIIP
'eAI[IcellIisIdividedIalongIaITnewTIdimensionMIIIIIIMIandIitIdoesInotIchangeIotherI
dimensionsTIpositionsP
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IIIII5orIallIalgorithmsMItheIcellsIareIdividedIintoI2IsmallerIchildrenIalongItheIlongestI
dimensionP
IIIIISOOIandIIMGPOIworksIinI9IdimensionsIwithIboundI[=M0]IforIeachIdimensionP
IIIII5orIMLGSOOMItheIboundIisIinitiallyIsetI[G0M0]IforItheIfirstIandIthirdIcasesIandI[G6M6]IforI
theIsecondIcaseIandItheIboundTsIwidthIisIreducedIbyIpU4IeveryItimeInewIdimensionsIareI
addedP
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