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B TuinnyHoM mMeTtoge noncka HanpasJiieHnda MMHNMN3aunuKn NOJIHOCTbIO

onpeaensatTcs Ha OCHOBAHUKU NocreaoBaTeNlbHbIX BbIYUCIEHW
LeneBon

doyHKuMM f(x).
[1pn pelueHnn 3agad HenMHENHOro NporpaMmmMmnpoBaHnS NMpu
OTCYTCTBUMU

OrpaHN4YeHnn rpaeHTHbIE METOAbI U METOAbI, UCMONb3YHoLLne
BTOpbIE

NPOU3BOAHbIE, CXOOATCA ObICTpee, YeM NpsiMble MeToAbl Moucka. Tem
He

MeHee, NMPpMMeHAA Ha NPakTnke MeTodbl, NCMNOJIb3YHOLNE
NnpPon3BoaAHbIE,

NPNXoANTCA CTaJIKnBaTbCA C ABYMA IM1aBHbIMU MNMPENATCTBUAMMN.

Bo-nepBbiX, B 3aga4ax ¢ 4OCTAaTOYHO 60MbLLIMM YNCITOM
nepeMeHHbIX

[I0BONbHO TPYAHO UMW AaXke HEBO3MOXKHO NOSYyYNTb NPON3BOAHbLIE B
BUAOE

\_"aHanMTU4ecknx yHKUMI, HEOOXoAMMbIX ANs rpafUeHTHOro

AOTITOONIATNIA IATIIA



MeToabl noncka He TPeOYIoT peayriIspHOCMU U HeripepbisHOCMU
LilerneBou

beHKLI,I/II/I N CyecTtBoOBaHUA NPON3BOAHbDbIX.

FonomopdHaa cyHKUUA, Takke Ha3biBaemasa perynsapHoOu
dyHKUnEen — )
onpenerneHHas Ha NOOMHOXecTBe

U B Ka)XKOOW TOYKE.

B oTnnymne ot BeLLEeCTBEHHOrO Crly4yas, 3TO YCNOBUE O3HAYaET, YTO
dyHKUMA BeckoHeYHO anddepeHUmMpyeMa N MOXET ObITb
npeacTaBreHa CXoaauwmmMca K Heu

[onoMop@HblE PYHKLNM TaKKe Ha3bIiBaKOT

NHOrga aHaIumu4ecKkumMu, XOTH BTOPOe NOHATNE ropasgo bonee
LLUMPOKOE, TaK Kak He obsa3aHa ObITb
onpeneneHa Ha MHOXECTBE KOMMMEKCHbIX Ynucer. ToT doakT, YTo Ans
KOMMJIEKCHO3HAYHbIX PYHKLMN KOMMNIEKCHON NepeMeHHON
MHO>XeCTBa rofIloMOPMHbLIX U aHANUTUYECKNX PYHKLNN coBNaaatoT,
SABNSAETCA HETPMBMANbHBIM N BECbMa 3amMedaTelbHbIM pe3yrisTaToM
KOMMJIEKCHOro aHanunaa.




BTopbiM 06CTOATENBLCTBOM, NPaBAa, CBA3aHHbLIM C NpeablayLLeN
npobrnemon, ABNAeTcs To, YTO NPU NUCMONb30BaHNUN METOOOB
ONTUMMN3aLMKN, OCHOBAHHbIX HA BbIYMCITIEHUM NEPBbLIX U NPU
HeobXoaMMOCTN BTOPbIX NPOU3BOAHbIX, TPEDOYETCH NO CPABHEHMIO C
MeToJaMum nomcka JoBONbHO O60nbLLIOEe BPpEMS Ha NOAroTOBKY 3a4a4n K
peLleHuto.

ANroputMbl ONTUMN3ALINK, UCTIONb3YIOLLME NMPSIMO NMOUCK, XOTSH U

MeaneHHee peann3ylTcsl B criydae NpocTbiX 3aAad, Ha NpakTuke
MOryT

okasartbcsi bonee yooBNeTBOPUTENBbHBIMU C TOYKN 3PEHMS
nonb3oBaTens,

4YeM rpagueHTHble MEeTOAbl UM MeToAdbl, NUCMOMb3YyHoLMe BTOpbIe
NPOU3BOAHbIE, N peLleHne 3a4a4m C UX NOMOLLbIO MOXET 0O0ONTUCH

agewenre, eclin CTOMMOCTb NoArotToBkKMN 3agavn K peLleHno BbICOKa Mo

/




MeToabl noncka I'IpOCTel7ILIJeI'O TUMNa 3aKkn4arTCa B UBMEHEHNN KaXKabIU

pas

OZHOW NepeMeHHOW, Toraa Kak Apyrme octatoTca NOCTOSAHHbIMU, MOKa HE
byner

"

OOCTUrHYT MUHUMYM. Hanpumep, B 04HOM 13 TakKnx METOAOB
nepemMeHHas

yCTaHaBnMBaeTCsa NOCTOSHHOM, a2  WM3MEeHSIoT [0 Tex Nop,noka He
byoet )

nony4yeH MUHUMYM.
3aTtem, EpxpaHas HoBOE 3Ha4YeHne MOCTOAHHbIM, UBMEHSAIOT rnoka
He ByaeT AOCTUIHYT ONTUMYM NpU BblOpaHHON3HAYEHN U T. O.

OpgHako Takon anropmutm paboTaeT nnoxo, ecnv MMeeET MECTO
B3anMOOENCTBUE

Mexagy wn o, T.e., Hanpumep, eCnn B BbipaXkeHne AN LieneBon

K doyHKUUM
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Pattern search (PS) refers to a family of numerical methods that do not
require the of the problem to be optimized and PS can hence be used on functions
that are not or . Such optimization methods are also known as

direct-search, derivative-free, or black-box methods

The name, pattern search, was coined by Hooke and Jeeves [*!. An early and simple PS
variant is attributed to and when they worked at the
as described by Davidon 2l who summarized the algorithm as follows:

They varied one theoretical parameter at a time by steps of the same magnitude, and
when no such increase or decrease in any one parameter further improved the fit to the
experimental data, they halved the step size and repeated the process until the steps were
deemed sufficiently small.

Hooke, R.; Jeeves, T.A. (1961). "'Direct search' solution of numerical and statistical problems". Journal of the Association

for
K Computing Machinery (ACM) 8 (2): 212-229. /




XYK 1 [I>KnBC NpeanoXxunm orm4eckn NpocTyro CTpaTermio Nnomcka,
NCMNOJSIb3YIOLLYIO anpUopHbIe CBEAEHUA U B TO XKe BPpeMSA OTBepratoLLyo

ycTapeBLUyt MHpOpMaLMI0 OTHOCUTENBHO XapakTepa Tonosrorum
Lienesoung

dyHKUMM B . ANTOPUTM BKIKOYaET ABa OCHOBHbIX 3Tana:
«uceneqyowmnm

MOUCK» BOKPYr 6a3MCHOM TOYKN N «MOUCK NO 0bpasuy», T. €. B
X
HanpaBneHuu,

BblIOpaHHOM A1 MMHMM%au,MM.
X
[Mpexne Bcero 3agatoTcs Haqajf'ﬁ:l-)ble 3Ha4YeHUs BCEX ANEeMEHTOB |, a

Takxe

HavarbHoe npupaiweHne . Y1obbl HaYaTb «UCCreayoLWn NMOUCK,
cnenyet

RbIYNCNUTL 3HA4YEeHNE PYHKLNK B Oa3ncHOM Touke (basncHaa To4ka

\_.peacrasnser coborn Ha4arnbHblii BEKTOP NPEAnonaraembiX MICKOMbIX -
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3aTeM B LMKITMYECKOM NOPSAKE UBMEHSIETCS Kaxkaasa nepeMeHHast (Kaxabln
pas
TONbLKO OAHA) Ha BbIBpaHHbIE BENMMYNHBI NPpUPaLLEHMIA, MOKa BCE NapaMeTpbl
e §Q A0 <) = (07, 0)
6yayT Takum 06pa3om U3MEHEHI. Y
B qa(zmlﬁ@cm, N3MEMRRTCA Ha BENUYUHY , TaK 4YTO

Ecnu npupalleHmne He ynydwaeT uenesyo PyHKUNIO, N3MEHSETCS
Ha n 3HadeHne f(x)npoBepsieTcs, Kakxﬁ E)aﬁé%) - Axl(o)

x1(1) _ xl(O) _ Axl(O) xl(O)

Ecnu 3HayeHune He yny4LlarT HK )

HI xgo) , TO OCTaané%T 6€e3 u3MeHeHUN.

3aTtem N3IMEHAKOT Ha BEJTUHNHY UT, 4., NOKa HE 6y,£l,yT N3MEHEHDLI
BCE€ HE3aBUCMMbIE NepeMEHHbIE, YTO 3aBepLuaeT oAnH I/ICCJ'Ie,EI,yI-OLLI,I/II7I
NOUCK.




Ha kaxxgom ware nnu casure no He3aBMCUMOW NepeMeEHHON 3Ha4YeHne
LleneBou

JoYHKUMM CcpaBHMBAETCH C ee 3Ha4YeHMeM B npeablayuien Touke. Ecnu
LeneBas

cbyQKu,Mﬂ yrnyJllaeTca Ha JaHHOM Liare, To ee CTa]p(o% 3Ha4eHne
X
3aMeHsIeTcA Ha

HOBOE Npu NocreayLmx cpaBHeHnax. OgHaKo ecnm NpoBeaeHHoe
BO3MYLLEHNE

Nno HeyaayHo, TO COXPaHAETCA rnpexHee 3Ha4eHne

Mocne npoBeaeHus (éxgibration step) uccrnedyrolgezo noncka
NPYMeHsIeTCs

cmpameausi moucka no o6pasyy. YaauHble U3MEeHEeHNs NepeMeHHbIX B
nccneayoLeM noucke [T. e, Te usMeHeHns nepefenHbix,

KOTOPbIE YMEHbLLUIM ] oNpeaenstoT BEKTOP B, YKa3bIBaOLLWN
\_"HeKoTOopoe HarnpasneHe MIHUM13aLIN, KOTOPOE MOXKET NPUBECTY K
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OnwuHa wara npu noncke no oopasLy B JaHHOM KOOpAMHATHOM
HanpaBneHum

I'Ipl/I6J'Il/I3I/ITeﬂbHO nponopunoHalribHa Y1NCIly yaadHbiX LWWaros, MMeEBLLUNX
MECTO

paHee B 3TOM KOOpPpAUHATHOM HalnpaBJi€EH BO BPEMHA I/ICCJ'IeD,y}OLLl,Kgc(
NMOUCKOB 3a

HECKOIbKO NpeablayLLnX LIMKIOB.
Ons ycxope%ﬂ npouecca onTuMM3aUun N3MeHeHne pasmepa liara B

noncke no obpasLy ocyLLEeCTBNSETCA NyTEM BBEAEHMSI HEKOTOPOTrO
MHOXUTENS

npu BENUYMHE , UCMOSIb3YyEMOU B Uccneayrowmnx nonckax. Miccneayowmmn

MOWCK, NPOBOAMMBIN NOCHE Noucka nNo oopasLy, Ha3bIBaeTCHA UCCNEeaY LM
novuckom Tuna ll.

Ycnex nnu Heygady novcka rno AaHHomy obpasuy Henb3st yCTaHOBUTDL A0
KsaBepLueHMﬂ Nccneayruiero novcka Tunall. J




OAQuvH n3 anropntMoB MUHUMU3aUNUK (bubnmoteka MIY) ncnonsayet
MeToAa

XyKa - [Xknsca onga peweHmsa sagadm MMHUMU3aumMm yHKUUN MHOTUX
nepemMeHHbIX 6e3 BbIYUCIIEHNS NPOU3BOAHBLIX MPU HANMNYUN OABYXCTOPOHHMX
OorpaHM4YeHnin Ha NnepeMeHHble METO40M NOKOOPAMHATHOIO CriycKka C
NOCTPOEHNEM annpoKCMMupytowlen napadornoi.

http://www.srcc.msu.su/num_anal/lib_na/cat/mn/mnnlr.htm
TeKkCcTbl nporpamMmm npuBogAaTcs Ha cpoptpaHe, Cu un

nackKarne.

HeMHOro oTnn4HbIN OT 3TOr0 MEeTo npmnBOoANTCA B KHUTE:

Alfio Quarteroni, Riccardo Sacco, Fausto Saleri. Numerical Mathematics.
Springer, 2nd ed., 2007.




Assume we are searching for the minimizer of f starting from a
given initial point x(0) and requiring that the error on the residual
is less than a certain fixed tolerance ¢. The Hooke and Jeeves
method computes a new point x(1) using the values of f at suitable
points along the orthogonal coordinate directions around x(0).

The method consists of two steps: an exploration step and an
advancing step.

The exploration step starts by evaluating 7 (x'?) + hye), where ¢ is
the first vector of the canonical basis of R" and & is a positive real
number to be suitably chosen.




If f(x +he) < £ (xY), then a success is recorded and

the starting point is moved in x) + i¢,, from which an
analogous check is carried out at point xV + he +hye,

with h, e R

If, instead, f(x'© +#e)> f(xV), then a failure is recorded and
a similar check is performed at x(V) —p¢, . If a success is
registered, the method explores, as previously, the behavior
of fin the direction e, starting from this new point, while,
in case of a failure, the method passes directly to examining
direction ¢,, keeping ,(0) as starting point for the

exploration step.




Anroputm Xyka u [>xueca -l

To achieve a certain accuracy, the step lengths #; must be selected in such
a way that the quantities

O he) - )

have comparable sizes.

, j=1..,n

The exploration step terminates as soon as all the n Cartesian directions
have been examined. Therefore, the method generates a new point, y(O),
after at most 2n + 1 functional evaluations.

Only two possibilities may arise:
1. y(o) = x'9 . In such a case, if max h; <& the method terminates and yields the
i=l,...n
approximate solution x©),
Otherwise, the step lengths #; are halved and another exploration step is

Eerformed starting from x(O);




-

2. y(O) + (O if ‘n}ax ‘hl‘ <& then the method terminates yielding y(()) as
i=l,...n
an approximate solution, otherwise the advancing step starts.
The advancing step consists of moving further from Jaq%g the direction
, (which is :n',HB)dir,e@)Ion that recorded the maximum decrease of f during the
exploration step), rather then simply setting as a new starting pojr{{))
This new startirxél)point is instead set equal to . From this point
a new series of exploration moves is started. I]"Zgh(%)expig)ration leads to a
point such that , then a new starting point
for theyﬁléxt exploratigﬂmﬁ@éphgé(bé%—faﬁ(ﬁd, otherwise the initial guess
for further explorations is set equal to .
. 0) (0
The method is now ready to restart frorryme=p9zfn)t —)i) j)USt computed.
X
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function [x,minf,iter]=hookejeeves(f,n,h,x0,tol)
{HOOKEJEEVES HOOKE and JEEVES method for function minimization.

[X, MINF, ITER] = HOOKEJEEVES(F, N, H, X0, TOL) attempts to compute the minimizer of a
function of N variables with the Hooke and Jeeves method. F is a string variable containing
the functional expression of f. H is an initial step. X0 specifies the initial guess. TOL specifies
the tolerance of the method. ITER is the iteration number at which X is computed. MINF is

the value of F at the mimimizer X.}

X = x0; minf = eval(f); iter = 0;
while h > tol
[v] = explore(f,n,h,x);

ify==x
h=h/2;
else
X = 2¥*y-x;
[z] = explore(f,n,h,x);
ifz==x
X=Y,
else

X=2z
end {if z == x}
end {if y == x}
iter = iter +1;
end {while}
minf = eval(f);
return




Anroputm Xyka u [>kneca

function [x]=explore(f,n,h,x0)

{ EXPLORE Exploration step for function minimization.

[X] = EXPLORE(F, N, H, X0) executes one exploration step of size H in the Hooke
and Jeeves method for function minimization.}

x = x0; f0 = eval(f); if ff < fO
for i=1:n fo = ff;
x(i) = x(i) + h(i); ff = eval(f); else
if ff < fO x(i) = x0(i);
fo = ff; end {if ff < fO}
else end {if ff < fO}
x(i) = x0(i) - h(i); end {for}
ff = eval(f); return




Hooke and Jeeves -l

Program 60 - hookejeeves : The method of Hooke and Jeeves (HJ)

function [x,minf,iter]=hookejeeves(f,n,h,x0,tol)
%HOOKEJEEVES HOOKE and JEEVES method for function minimization.
% [X, MINF, ITER] = HOOKEJEEVES(F, N, H, X0, TOL) attempts to compute the
% minimizer of a function of N variables with the Hooke and Jeeves method. F is
% a string variable containing the functional expression of f. H is an initial
% step. X0 specifies the initial guess. TOL specifies the tolerance of the method.
% ITER is the iteration number at which X is computed. MINF is the value of F at
% the mimimizer X.
x = x0; minf = eval(f); iter = 0;
while h > tol
[v] = explore(f,n,hx);
if y ==x
hi="h/2
else
x = 2*y-x;
[z] = explore(f,n,h,x);
bz ==—u
*:= ¥
else
Ki=Z
end
end
iter = iter +1;
end

minf = eval(f);
\ return




Hooke and Jeeves -l|

Program 61 - explore : Exploration step in the HJ method

function [x]=explore(f,n,hx0)
%EXPLORE Exploration step for function minimization.
% [X] = EXPLORE(F, N, H, X0) executes one exploration step of size H in the Hooke
% and Jeeves method for function minimization.
x = x0; f0 = eval(f);
for i=1:n
x(i) = x(i) + h(i); ff = eval(f);
if ff < f0
f0 = ff;
else
x(i) = x0(i) - h(i);
ff = eval(f);
if ff < f0
fo = ff;
else
x(i) = x0(i);
end
end
end
return




4 N
Example — Tests for Simplex and

Hooke and Jeeves methods

Example 7.5 Let us compare the performances of the Simplex method with the
Hooke and Jeeves method, in the minimization of the Rosembrock function

f(x) =100(z2 — z3)* + (1 — z1)> (7.24)

This function has a minimizer at [1,1]7 and represents a severe benchmark for
testing numerical methods in minimization problems. The starting point for both
methods is set equal to x'® = [=1.2,1]7, while the step sizes are taken equal to
hy = 0.6 and ho = 0.5, in such a way that (7.23) is satisfied. The stopping tolerance
on the residual is set equal to 10™*. For the implementation of Simplex method, we
have used the MATLAB function fmins.

Figure 7.2 shows the iterates computed by the Hooke and Jeeves method (of
which one in every ten iterates have been reported, for the sake of clarity) and by
the Simplex method. superposed to the level curves of the Rosembrock function. The
graph demonstrates the difficulty of this benchmark: actually, the function is like
a curved, narrow valley, which attains its minimum along the parabola of equation
x3 — 2 =0.

The Simplex method converges in only 165 iterations, while 935 are needed for
the Hooke and Jeeves method to converge. The former scheme yields a solution
equal to [0.999987,0.999978]7, while the latter gives the vector [0.9655,0.9322]7.




Examples for Simplex and
Hooke and Jeeves methods

http://en.wikipedia.org/wiki/Nelder%E2%80%93Mead method

http://en.wikipedia.org/wiki/Pattern search (optimization)

http://www.serc.iisc.ernet.in/~amohanty/SE288/hja.html




