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Abstract:Thispaperisconcernedwiththesolutionmethodtouncostrainedoptimizationproblemswithoutusingderiva-
tives.TheobjectivefunctionvaluemaybeincreasingattheaccelerationstepinthestandardHooke-Jeevesmethodwith
discretesteps(HJMDS)forsolvingunconstrainedoptimizationproblems.TheaccelerationstepofthestandardHJMDSis
modifiedsuchthatthenonincreasingintheobjectivefunctionvaluecanbeguaranteedintheaccelerationstepofthemodi-
fiedHooke-Jeevesmethodwithdiscretesteps(MHJMDS)giveninthispaper.Then,anewalgorithmusingtheMHJMDS
isdesigned.NumericalresultsshowthattheMHJMDSismoreefficientthanthestandardHJMDSbecauseoftherequire-
mentofaverysmallnumberoffunctionevaluations.
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Introduction
Considerthefollowingunconstrainedoptimizationproblem

(P)   min
x∈Rn

f(x)

wheref:Rn→R1isafunctionofnvariables(withouttherequirementofcontinuouslydifferentiability).There
existanumberofmethodsthatdonotusederivative-basedinformationandcanbeusedtosolveProblem (P)
successfully,forexample,thecycliccoordinatemethod[1],themethodofHooke-Jeevesusinglinesearches[2],
themethodofHooke-Jeeveswithdiscretesteps[2],themethodofRosenbrockusinglinesearches[3],themeth-
odofRosenbrockwithdiscretesteps[3],andsoon.Amongtheabovemethods,theHooke-Jeevesmethodis
veryefficientforsolvingsomeoptimaztionproblems[4-6].In[4],theHooke-Jeevesdirectsearchmethodisim-
plementedandisdemonstratedtosolveaclassofproblemsinthegeometricoptimizationofyield-linepatterns
efficiently.In[5],anewHooke-JeevesbasedMemeticAlgorithm(HJMA)isgivenforsolvingdynamicopti-
mizationproblems.In[6],arevisedHooke-Jeevesalgorithmisproposedtosolvetheoptimizationmodelof
thetrajectoryofhorizontalwellwithperturbation.Inaddition,anovelhybridoptimizationapproach,whichis
basedonteaching-learningbasedoptimization(TLBO)algorithmandTaguchi’smethod,ispresentedandthe
resultsobtainedbytheproposedapproacharecomparedwiththoseoftheHooke-Jeevespatternsearchmeth-
od,particleswarmoptimizationalgorithm,andsoon[7].Aunifiedconvergenttheoremisgivenforaclassof
directscarchtechniqueswhichisaclassofdescentmethodswithfixedstepsizeandcontainstheHooke-Jeeves
technique,thesimplifiedandvariedHooke-Jeevestechniques,andtheaxisdirectionalsearchtechniqueasits
specialcases[8].Inthepresentpaper,weconsiderthestandardHooke-Jeevesmethodwithdiscretesteps(ab-
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breviatedasHJMDS).Weobservedthattheobjectionfunctionvaluemaybeincreasingattheaccelerationstep
inthestandardHJMDS.Basingthisobservation,wewillmodifiytheaccelerationstepofthestandardHJMDS
suchthatthenon-increasingpropertyintheobjectivefunctionvaluecanbeguaranteedintheaccelerationstep
ofourmodifiedmethod.

1TheAlgorithm
ThestandardHooke-Jeevesmethodwithdiscretesteps(HJMDS)isasfollows.
AlgorithmHJMDS InitializationStepLetd1,…,dnbethecoordinatedirections,chooseascalarε>0tobe

usedforterminatingthealgorithm.Furthermore,chooseaninitialstepsizeΔ>ε,andanaccelerationfactor
α>0.Chooseastartingpointx1,lety1=x1,letk=j=1,andgototheMainStep.

MainStep Step1 Iff(yj+Δdj)<f(yj),thetrialistermedasuccess;letyj+1=yj+Δdj,andgoto
Step2.If,however,f(yj+Δdj)≥f(yj),thetrialisdeemedafailure.Inthiscase,iff(yj-Δdj)<f(yj),
letyj+1=yj-Δdj,andgotoStep2;iff(yj-Δdj)≥f(yj),letyj+1=yj,andgotoStep2;

Step2 Ifj<n,replacejbyj+1,andrepeatStep1.Otherwise,gotoStep3iff(yn+1)<f(xk),andgo
toStep4iff(yn+1)≥f(xk);

Step3 Letxk+1=yn+1,andlety1=xk+1+α(xk+1-xk).Replacekbyk+1,letj=1,andgotoStep1;

Step4 IfΔ≤ε,stop;xkistheprescribedsolution.Otherwise,replaceΔbyΔ
2.Lety1=xk,xk+1=xk,

replacekbyk+1,letj=1,andrepeatStep1.
Itisclearthattheobjectivefunctionvaluemaybeincreasingatstep3(i.e.,theaccelerationstep)ofthe

MainStepinAlgorithmHJMDSanditmayleadtoreducetheeffectivenessofalgorithm.Basedonthisobser-
vation,wefocusonmodifyingtheStep3inAlgorithmHJMDS.OurmodifiedHooke-Jeevesmethodwithdis-
cretesteps(MHJMDS)isasfollows.

Algorithm MHJMDS InitializationStep ThisstepissameastheInitializationStepofAlgorithm
HJMDS.

MainStep Step1 ThisstepisalsosameastheStep1ofAlgorithmHJMDS;
Step2 Ifj<n,replacejbyj+1,andrepeatStep1.Otherwise,gotoStep3iff(yn+1)<f(xk),andgo

toStep7iff(yn+1)≥f(xk);
Step3 Leti=1,xk+1=yn+1,andlety1=xk+1+α(xk+1-xk),gotoStep4iff(y1)<f(xk+1),andgoto

Step5iff(y1)≥f(xk+1);
Step4 Ifi≥m,gotoStep8andlety1=y11,xk+1=y1;Otherwise,ifi<m,lety11=2y1-xk+1;inthis

case,iff(y11)≤f(y1),lety1=y11;replaceibyi+1,andrepeatStep4;iff(y11)>f(y1),gotoStep8;

Step5 Ifi≥m,lety1=xk+1,gotostep8.Otherwise,ifi<m,lety11=12
(y1+xk+1).Inthiscase,if

f(y11)<f(xk+1),lety1=y11,andgotoStep8.However,iff(y11)≥f(xk+1),gotoStep6;
Step6 Iff(y11)≤f(y1),lety1=y11andreplaceibyi+1,gotoStep5.Otherwise,iff(y11)>f(y1),

lety1=xk+1,gotoStep8.

Step7 IfΔ≤ε,stop;xkistheprescribedsolution.Otherwise,replaceΔbyΔ
2.Lety1=xk,xk+1=xk,

andgotoStep8.
Step8 Replacekbyk+1,letj=1,andgotoStep1.
ItiseasytoseethattheobjectivefunctionvaluecannotincreaseintheaccelerationSteps3~6ofAlgo-

rithmMHJMDS.
Remark TheproofofAlgorithm MHJMDS’sconvergenceissimilartothatofTheorems7.1and8.1in

Ref.[8].Hereweomitthisproof.

2Numericalexperiments
Considerthefollowingproblem[2]
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(TP)   minimize (x1-2)4+(x1-2x2)2

WefirstsolvetheProblem(TP)usingAlgorithmHJMDS.TheparametersαandΔarechosenas1.0and
0.2,respectively.Tab.1summarizesthecomputationsstartingfromtheinitialpoint(2.0,3.0).Here(S)
denotesthatthetrialisasuccessand(F)denotesthatthetrialisafailure.Theprocedureisstoppedherewith
theterminationparameterε=0.1.

Tab.1 SummaryofcomputationsforalgorithmHJMDS

k Δ
Xk

f(xk)
j

yj

f(yj)
dj

yj+Δdj yj-Δdj

f(yj+Δdj) f(yj-Δdj)

1 0.2 (2.00,3.00) 1 (2.00,3.00) (1.0,0.0) (2.20,3.00) (1.80,3.00)

16 16 14.4416(S) 17.6416(F)

2 (2.20,3.00) (0.0,1.0) (2.20,3.20) (2.20,2.80)

14.4416 17.6416(F) 11.5616(S)

2 0.2 (2.20,2.80) 1 (2.40,2.60) (1.0,0.0) (2.60,2.60) (2.20,2.60)

11.5616 7.8656 6.8896(S) 9.0016(F)

2 (2.6,2.6) (0.0,1.0) (2.60,2.80) (2.60,2.40)

6.8896 9.1296(F) 4.9696(S)

3 0.2 (2.60,2.40) 1 (3.00,2.00) (1.0,0.0) (3.20,2.00) (2.80,2.00)

4.9696 2 2.7136(F) 1.8496(S)

2 (2.80,2.00) (0.0,1.0) (2.80,2.20) (2.80,1.80)

1.8496 2.9696(F) 1.0496(S)

4 0.2 (2.80,1.80) 1 (3.00,1.20) (1.0,0.0) (3.20,1.20) (2.80,1.20)

1.0496 1.36 2.7136(F) 0.5696(S)

2 (2.80,1.20) (0.0,1.0) (2.80,1.40) (2.80,1.00)

0.5696 0.4096(S) 1.0496(F)

5 0.2 (2.80,1.40) 1 (2.80,1.00) (1.0,0.0) (3.00,1.00) (2.60,1.00)

0.4096 1.0496 2.00(F) 0.4896(S)

2 (2.60,1.00) (0.0,1.0) (2.60,1.20) (2.60,0.80)

0.4896 0.1696(S) 1.1296(F)

6 0.2 (2.60,1.20) 1 (2.40,1.00) (1.0,0.0) (2.60,1.00) (2.20,1.00)

0.1696 0.1856 0.4896(F) 0.00416(S)

2 (2.20,1.00) (0.0,1.0) (2.20,1.2) (2.20,0.80)

0.0416 0.0416(S) 0.3616(F)

7 0.2 (2.20,1.2) 1 (1.80,1.20) (1.0,0.0) (2.00,1.20) (1.60,1.20)

0.0416 0.3616 0.16(S) 0.6656(F)

2 (2.00,1.20) (0.0,1.0) (2.00,1.40) (2.00,1.00)

0.16 0.64(F) 2.1743*e-29(S)

8 0.2 (2.00,1.00) 1 (1.80,0.8) (1.0,0.0) (2.00,0.80) (1.60,0.80)

2.1743*e-29 0.0416 0.16(F) 0.0256(S)

2 (1.60,0.80) (0.0,1.0) (1.60,1.00) (1.60,0.600)

0.0256 0.1856(F) 0.1856(F)

9 0.1 (2.00,1.00) 1 (2.00,1.00) (1.0,0.0) (2.10,1.00) (1.90,1.00)

2.1743*e-29 2.1743*e-29 0.0101(F) 0.0101(F)

2 (2.00,1.01) (0.0,1.0) (2.00,1.10) (2.00,0.90)

2.1743*e-30 0.04(F) 0.04(F)

Nowwesolvetheproblem(TP)usingAlgorithm MHJMDS.TheparametersαandΔarealsochosenas
1.0and0.2,respectively,andtheparametermischosenas4.Tab.2summarizesthecomputationsstarting
fromtheinitialpoint(2.0,3.0).Themeaningsofthenotations“S”,“F”arethesameastheabove.Theter-
minationscalarεisalsochosenas0.1.
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Tab.2 SummaryofcomputationsforAlgorithm MHJMDS

k Δ
xk

f(xk)
j

yj

f(yj)
dj

yj+Δdj yj-Δdj

f(yj+Δdj) f(yj-Δdj)

1 0.2 (2.00,3.00) 1 (2.00,3.00) (1.0,0.0) (2.20,3.00) (1.80,3.00)

16 16 14.4416(S) 17.6416(F)

2 (2.20,3.00) (0.0,1.0) (2.20,3.20) (2.20,2.80)

14.4416 17.6416(F) 11.5616(S)

2 0.2 (3.00,2.00) 1 (3.00,2.00) (1.0,0.0) (3.20,2.00) (2.80,2.00)

2 2 2.7136(F) 1.8496(S)

2 (2.80,2.00) (0.0,1.0) (2.80,2.20) (2.80,1.80)

1.8496 2.9696(F) 1.0496(S)

3 0.2 (2.00,1.00) 1 (2.00,1.00) (1.0,0.0) (2.20,1.00) (1.80,1.00)

1.17749e-30 1.17749*e-30 0.0416(F) 0.0416(F)

2 (2.00,1.00) (0.0,1.0) (2.00,1.20) (2.00,0.80)

1.17749*e-30 0.16(F) 0.16(F)

4 0.1 (2.00,1.00) 1 (2.00,1.00) (1.0,0.0) (2.10,1.00) (1.90,1.00)

1.17749e-30 1.17749*e-30 0.0101(F) 0.0101(F)

2 (2.00,1.00) (0.0,1.0) (2.00,1.10) (2.00,0.90)

1.17749*e-30 0.04(F) 0.04(F)

Thenumberoffunctionevaluationsis38and24usingAlgorithmHJMDSandAlgorithm MHJMDS,re-
spectively.ItisclearthatAlgorithmMHJMDSismoreefficientthanAlgorithmHJMDS.
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运筹学与控制论

一个修正的Hooke-Jeeves方法

陈 晶,杜学武

(重庆师范大学 数学学院,重庆401331)

摘要:本文考虑不用导数信息求解无约束优化问题的方法。对于求解无约束优化问题的带有离散步的标准 Hooke-Jeeves方法,目
标函数值有可能在其加速步中增大。本文修正了标准 HJMDS的加速步,保证了目标函数值在修正的带离散步 Hooke-Jeeves方法

的加速步中不增。然后,采用修正的带离散步 Hooke-Jeeves方法设计了一个新算法。数值试验结果表明,修正的带离散步 Hooke-
Jeeves方法与带离散步的标准 Hooke-Jeeves方法相比,其函数值计算次数明显减少,因而本文给出的修正的带离散步 Hooke-
Jeeves方法比带离散步的标准 Hooke-Jeeves方法更为有效。
关键词:无约束优化;Hooke-Jeeves方法;修正 Hooke-Jeeves方法;离散步;加速步

(责任编辑 黄 颖)
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