
Mini-HOWTOonusingOctaveforUnconstrainedNonlinearOptimization∗Nonlinearoptimizationproblemsareverycommonandwhenasolutioncannotbefoundanalytically,oneusuallytriestofinditnumerically.ThisdocumentshowshowtoperformunconstrainednonlinearminimizationusingtheOctavelanguagefornumericalcomputation.Weassumetobesoluckyastohaveaninitialguessfromwhichtostartaniterativemethod,andsoimpatientastoavoidasmuchaspossiblegoingintothedetailsofthealgorithm.Inthefollowingexamples,weconsidermultivariableproblems,butthesinglevariablecaseissolvedinexactlythesameway.Allthealgorithmsusedbelowreturnnumericalapproximationsoflocalminimaoftheoptimizedfunction.Inthefollowingexamples,weminimizeafunctionwithasingleminimum(Figure1),whichisrelativelyeasilyfound.Inpractice,successofoptimizationalgorithmsgreatlydependontheoptimizedfunctionandonthestartingpoint.AsimpleexampleWewilluseacallofthetype[x_best,best_value,niter]=minimize(func,x_init)tofindtheminimumoff:(x1,.x2,x3)∈R3−→(x1−1)2/9+(x3−1)2/9+(x3−1)2/9−cos(x1−1)−cos(x2−1)−cos(x3−1).Thefollowingcommandsshouldfindalocalminimumoff(),usingtheNelder-Mead(aka“downhillsimplex”)algorithmandstartingfromarandomlychosenpointx0:∗Author:EtienneGrossmann<etienne@egdn.net>(soonreplacedby“Octave-Forgede-velopers”?).Thisdocumentisfreedocumentation;youcanredistributeitand/ormodifyitunderthetermsoftheGNUFreeDocumentationLicenseaspublishedbytheFreeSoftwareFoundation..Thisisdistributedinthehopethatitwillbeuseful,butWITHOUTANYWARRANTY;withouteventheimpliedwarrantyofMERCHANTABILITYorFITNESSFORAPARTIC-ULARPURPOSE.1



Figure1:2Dand1Dslicesofthefunctionthatisminimizedthroughoutthistutorial.Althoughnotobviousatfirstsight,ithasauniqueminimum.functioncost=foo(xx)xx--;cost=sum(-cos(xx)+xx.^2/9);endfunctionx0=[-1,3,-2];[x,v,n]=minimize("foo",x0)Theoutputshouldlooklike:x=1.000001.000001.00000v=-3.0000n=248Thismeansthataminimumhasbeenfoundin(1,1,1)andthatthevalueatthatpointis−3.Thisiscorrect,sinceallthepointsoftheformx1=1+2iπ,x2=1+2jπ,x3=1+2kπ,forsomei,j,k∈N,minimizef().Thenumberoffunctionevaluations,248,isalsoreturned.Notethatthisnumberdependsonthestartingpoint.Youwillmostlikelyobtaindifferentnumbersifyouchangex0.TheNelder-Meadalgorithmisquiterobust,butunfortunatelyitisnotveryefficient.Forhigh-dimensionalproblems,itsexecutiontimemaybecomeprohibitive.UsingthefirstdifferentialFortunately,whenafunction,likef()above,isdifferentiable,moreefficientopti-mizationalgorithmscanbeused.Ifminimize()isgiventhedifferentialoftheoptimizedfunction,usingthe"df"option,itwilluseaconjugategradientmethod.##Functionreturningpartialderivativesfunctiondc=diffoo(x)x=x(:)’-1;dc=sin(x)+2*x/9;2



endfunction[x,v,n]=minimize("foo",x0,"df","diffoo")Thisproducestheoutput:x=1.000001.000001.00000v=-3n=1086Thesameminimumhasbeenfound,butonly108functionevaluationswereneeded,togetherwith6evaluationsofthedifferential.Here,diffoo()takesthesameargumentasfoo()andreturnsthepartialderivativesoff()withrespecttothecorrespondingvariables.Itdoesn’tmatterifitreturnsaroworcolumnvectororamatrix,aslongastheithelementofdiffoo(x)isthepartialderivativeoff()withrespecttoxi.Usingnumericalapproximationsofthefirstdiffer-entialSometimes,theminimizedfunctionisdifferentiable,butactuallywritingdownitsdifferentialismoreworkthanonewouldlike.Numericaldifferentiationoffersasolutionwhichislessefficientintermsofcomputationcost,buteasytoimplement.The"ndiff"optionofminimize()usesnumericaldifferentiationtoexecuteex-actlythesamealgorithmasinthepreviousexample.However,becausenumericalapproximationofthedifferentiaisused,theoutpudmaydifferslightly:[x,v,n]=minimize("foo",x0,"ndiff")wichyields:x=1.000001.000001.00000v=-3n=786Notethateachtimethedifferentialisnumericallyapproximated,foo()iscalled6times(twiceperinputelement),sothatfoo()isevaluatedatotalof(78+6*6=)114timesinthisexample.UsingthefirstandseconddifferentialsWhenthefunctionistwicedifferentiableandoneknowshowtocomputeitsfirstandseconddifferentials,stillmoreefficientalgorithmscanbeused(inourcase,a3



variantofLevenberg-Marquardt).Theoption"d2f"allowstospecifyafunctionthatreturnsthevalueofthefunction,thefirstandseconddifferentialsoftheminimizedfunction.Enteringthecommands:function[c,dc,d2c]=d2foo(x)c=foo(x);dc=diffoo(x);d2c=diag(cos(x(:)-1)+2/9);end[x,v,n]=minimize("foo",x0,"d2f","d2foo")producestheoutput:x=1.00001.00001.0000v=-3n=345Thistime,34functionevaluations,and5evaluationsofd2foo()wereneeded.SummaryWehavejustseenthemostbasicwaysofsolvingnonlinearunconstrainedopti-mizationproblems.TheonlinehelpsystemofOctave(trye.g.“helpminimize”)willyieldinformationonotherissues,suchaspassingextraargumentstothemin-imizedfunction,controlingtheterminationoftheoptimizationprocess,choosingthealgorithmetc.4


