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Abstract: In this paper we describe the symbolic implementation of various
modifications of the Hook-Jeeves method in the programming language
MATHEMATICA. A few numerical results are reported as well as several graphical
illustrations.
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1. INTRODUCTION

The Hooke-Jeeves method is a well-known method for unconst rained
minimization. It does not use derivatives. Three modifications of this method are
described in [21, 161, [81, [171 ·

Computational systems for the numerical implementation of opt imization
methods are known. They are writ ten in procedural programming languages, mainly in-FORTRAN [21, 161, 191 , 114J and C [111 . But, procedural programming languages are not
convenient for the symbolic implementation of optim ization methods . Two
modifications of the Hooke-Jeeves method can be used as typical exam ples.

In t his paper we investigate the applicat ion of the symbolic computation of the
programming language MATHEMATICA in the im plementation of the Hooke-Jeeves
method. The notion of the symbolic implementation of optimization methods assumes
the possibility of using symbolic comp utation in the implementation of these methods .
For example, symbolic computation in MATHEMATICA is descr ibed in 131, [51 , [101,
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[15J, [16]. From the symbolic computat ion available in MATHEMATICA we use mainly
the following:

algebraic manipulations , which include computat ions with symbols and
operat ions on algebraic expressions;

manipulating equations, which means the solu t ion to various equations and
the eliminat ion of unknown variables;

symbolic differentiation ;

the application of transformation rules in the following form:
•

expr/.lhs->rhs apply a transformation rule to expr ,
expr/,{lhs I- >rhsl, Ihs2- >rhs2,... } apply a sequence of rules to expr.

MATHEMATICA is the world's only fully integrated environment for technical
computing 115], 116]. It incorporate a range of programming paradigms, such as the
following: procedural programming, list-oriented programming, functional
programming, rule-based programming, object oriented programming, string-based
programming, and mixed programming paradigms [31, 15J, [10J , \15J , 116]. Hence, by
means of MATHEMATICA, we can write every program in its most natural way.

The paper is organized as follows. In the second sect ion we describe three
•

varieties of the Hooke-Jeeves method. The third sect ion describes the . symbolic
implementation of these methods. In the last sect ion we develop several numerical
examples and graphical illustrations.

2. DESCRIPTION OF THE METHOD AND MOTIVATION

For the sake of completeness, we shall briefly describe the Hooke-Jeeves
method for unconstrained optimization [21 , [61 , [8] , [1 71 . Generally, the Hooke-Jeeves
algorithm consists of two major phases: an "exploratory search" around the base point
and a "pattern search" in a direction selected for minimization.

The original Hooke-Jeeves method is introduced in 17] and is also described in
161 and [17].

S tep 1. Initial values for all coordinates of some point

provided as well as the initial incremental change () .

must be

S tep 2. Then a type I exploratory search is perfo rmed. Each variable is
changed in rotation, one at a time, by incremental amuunts , until the parameters have
been properly changed.
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More precisely , in t he hth step, in t he "basic point" x71= (Xlk )... ..X~,k ) le t xlk)

be changed by some amou nt () , so that x \k.l ) = x\kl + () . If the value (}(x ) is improved ,

then xlk) + () is adopted as the new element in x71' Otherwise , x\k 1 is cha nged by - () ,

and the value of t he objective fu nction Q(x ) is checked again . If t he va lue of Qrx) is

not improved by eit he r ±S , t hen we keep the old value of the coordi nate x\k ). Then

x~k l is changed by some amount ±(), and so on, unt il a ll the independent variuhl s

have been changed and the explorato ry sea rch is com pleted. For each step 0 1' move in
an independent var iable , the value of the objective function is compared wit h the value
at the previous point . If the objective function is improved for the given st sp, th en the
old value of the objective fu nction is replaced by the new value of t he objective function .
Otherwise , if the step is unsuccessful , the old value is retained.

In t h is way , the type I explorato ry search is fini shed when the search is
performed using each of the independent variables . This produces a new basic point

k +1x B .

Step 3. After making one (0 1' more ) exploratory searches, a "pattern earch" is

made. A new point t~ + 2 , defined by

must be formed. Then the first successfu l point fro m t ~ ' 2 defines a new basic point

xi+2 .

Step 4. An exploratory sea rch conducted after a pattern sea rch is termed a
type II exploratory search. The success 0 1' failure of a pat tern sea rch is established after
the type II explorato ry sea rch is com pleted.

A. If Q(x) is not improved after the type II explorato ry search, t he pat tern

search is said to fail. Then the step ()' is reduced gradually.

B. If Q(x) is improved after the type II exploratory search, the last

produced by the type II exploratory sea rch is termed the new "basic point" x7/ 2
.

•pomt

Step 5 . The process is term inated when the value of variable S is less than a

small prespecified number.

An alternative to equ a t ion (2.1) is to solve a one-dimensional problem in the

direction x~+1 - x~ in order to generate a new basic point t~ · 2 181 :

(2.2)
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where step hk is defined by

(2.3)

The optimal value hk of step h can be computed using an arbitrary unidimensional

optimization method . This is the essence of the first modifica tion of the Hooke-Jeeves
method.

The second modification of the Hooke-Jeeves method is described in 121. Let
d 1., .• • d 11 be any selected appropr ia te vectors. Then the major steps in th is

modification are as follows:

Step 1. Initial values: Select a real number I.: > 0 , initial point x ) and set the initial

values k = O. Y 1 = XI '

Step 2. Exploratory sea rch : For each i = 1.. . ..n compute

Y,+) = Yi+ Aid i , where Ai = 1l1ln G(A ) = I11lnQ(Yi + )I.ii) .
J. ..l

S tep 3. Set xk+ 1 = Y1I + 1 • If II Xk + 1 - Xk II < I: then stop. Otherwise, go to Step 4.

Step 4. Compute

where

Go to Step 2.

( 2 .4)

(2.5)

(2.6)

•

What is the need of the symbolic implementation of the Hooke-Jeeves method?
Above all, the programming language used must be capable of generating formulas
which define functions F (h ) , G ( ) and H (h ) . This requires a language which is able

to process arbitrary formulas, known only at the run time.

Also , it is desirable to use a language that is powerful in numerical com pu ­
tations in order to avoid t runcation er ro rs in numerical com putat ions.

Finally , we also need good graphical illustrations of the generated results .

Therefore , we have just reported at least three reasons to use the
MATHEMATICA language in the implementation of the Hooke-Jeeves method.

•
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3. IMPLEMENTATION

~8!J

We suggest the following advan tages which appeal' during the sym bolic im­
plementation of the Hooke-Jeeves method and its modifications in functional
programming languages .

1. It is possible to ta ke an arbitrary objective function . which is
subroutines, as a formal parameter under the program control.

no t defined bv-

2. For a given poin t xm = :x, .... .x,,: , it is possible to construct the following

function

Pt () = Q(X I . .... X I I ' X I + (). X 1+ I . .. .. x" )

without previous definition of the function Q.

(2.7 )

3. We can construct. in a na tural way. new objective functions F Un , G(A) and

H ih. ), which are defined in (2.3), (2.4) and (2.6) , respectively.

Let us firs t investigate Advantage 1. In the languages FOl{THA or ,the
objective function is usually rewritten as a sequence of calls to subroutines 141. 1111.
1121. In FORTRAN , an arbitrary objective function , which is no t defined by
subrou t ines, can be placed as an argument to other functions only after a lexical a nd
syntactica l analysis of the en tered expression. In the language C, it is allowed to pass
functions as arguments to other functions using function pointers as arguments . But ,
even in this case, corresponding subrou tines which define the objective function mu st
be written by the user. In the programm ing package MATHEMATI CA we represent an
arbitrary objective function Q in the in ternal form which conta ins the following two
parts:

the first part, denoted by q , is an arbitrary arithmetic expression in

MATH EMATI CA;

the second part, denoted by VQ!'-, is the list of variables. Assume that (/ is

the parameter denoting the objective function Q and the parameter oar

denotes the parameter list of Q. Let xtn be the list representing a given poin t .
Then the valu e ql xm I can be computed by means of the following

•

t ransformat ion 1'1.1 les :

q()=q . J)olq()=q()1. var] UII - >' 1lI11j II ' [j.nj ]:

Shortly, we can write

q()=q: q()=q()!.val' - > XIlI:
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An arbitrary arithmetic expression, representing the objective function , can be
writ ten as the actual parameter, instead of the formal parameter q_ . Consequently,

the program is able to uses object ive functions known only at the run time .

This is a verification of Advantage 1.

The explorato ry sea rch is implemented in the function ExpSearch . It is
assumed that an arbitrary objective function is given in the internal form q , var_ .

More precisely , a new "basic poin t" is formed in the function ExpSearch and the new
value of the object ive function is com pared with the old one.

•

Assume that xm = {xmll l l l.....xml ln III represents a given point. Then the

function p (c» , defined in t2.7), can be implemented u sing the following sequence of

transfo rmation rules :

ljm=q;
Dol 'lm=qm/.var] Li JI- >'\ml Li II, U, i- T}I:
qm=qmJ. varl] i 11- (,'mili[j -dclta);
1)01 qm=qm/.var]Li II- >\:mll.i II, {j , i+ I . II } I;

The symbol delta in the second replacement is used instead of the parameter
c'i .

T h is is a ver ification of Advantage 2.

The fu nction Exp Search is writ ten as follows:

E..pxearc h Iq. , val' List , t List, delta I : =
Block !1q.qm.i ,i,lI =Length]val' I. success>Falsc. ' 'm=t I.

qll=q1)01 qll=qll/.varll.i 11 - ,'mll.i II ,U.II } I;
Forii= 1,i<=II. i++,

qmsq;
Dolqm=qml var]Li 11 - - \ mll.i II , {j ,i- ll l;
qm=qm/.vu r]]i 11 - - (mili II +delta);
Dolqm=qml var ll.i II-mll.i II , {j.i 1.11 11.
lf'{qm qll ,

xm]]i11+=delta; success- True,
qm=q:
Dolqm=qm/.varll.i 11 - - ,'mll.i II . {j , i-s l } I:
qm=qlll./ varll i ll- (. mll ill - dclta):
I )o! qm=qlll/ varll.i 11 - \mll.i II , {j .i+ I ,II } I;
lt '[qm qll .

,'1Il11111- =dd ta; slice 'ss=Trlle

I
I

I'
[ xm. Slice iss I

•

I
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•

follows.
The original Hooke-J eeves method (or igina ted in 171J ca n be implemented as

••

Hooke.l cvcs Iq . var List . xb Li st. delta . cps] . =
Block I(n=Lt.:ngth Ivu r] , xo= 1= .h, l=h . succ- Falsc, qu, delsdcltu. pn, it=OI .

qO=q: l)olqO=qO! ar]] i 11 - >.011 111 .( i.n l ]:
While [Abs [del ] =t.:ps.

( * Type 1c..ploratory searc h *)

pn=ExpSl:<lrchl q.var.t.de lI:
sllcc=pnll2 ll:
Ifl succ, xl=pnll ili . Jd !=21:
(* Pattern search . )
t=xl+(xl - xO):
(* Type II exploratory search . )
pn- Expxearcb] q.var.t.dcl] ;

succ=pnI1211:
It[ succ. xO=xl: xl- pnl] I II . Jcl/=21:
qO=q: Dol qO=qOI. varj]i 1I - >x111 i II .1i.n l ];
it+= I

I:
q()=q: Dol qO=qO/.varl]i II - >xIII ill .1i.n l ]:
( '\ I .qOI

I

We will now describe the implementa t ion of the fi rst modification of the
Hooke-Jeeves method and Advantage 3. The critical point in this implementation i t he

const ruction of the new function F (h ) , depending on parameter h . According to (2.3) ,

the function F (h ) is defined by •

F (h ) =Q(X 7t 1 + h(X 7/ 1 - x 7J» =Q(xl +h(x l - xO» (2 .8 )

A universal algorithm for automatic construction of the function F (h ) i not developed

in procedural progr amming languages. Even if the function Q ( x ) i defined by

su brou t ines, it is difficult to generate the function F (h ) symbolica lly in procedural

programming langu ages. If t he function Q(x) is given by a set of subrou t ines, then the

corresponding functions which define the function F (h ) must also be written . This

problem can be easily solved in MATHEMATICA using the fo llowing a lgebraic
t ransfo rmat ion

t=xl+h*(xl - xO):

a nd the following set of transformation ru les:

f-q: Dol r=II. varl]i II- >tll i I1. (i.n ]];

Now, the unidimensional minimization 111111 F (h )
II

can be performed using the

internal representa tion ( .IM of the objective funct ion F (h ) . In this t ransition of
I

/
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parameters it is a ssumed t ha t available functions for unidimensional optimization u se
the internal representation of the objective function as a formal parameter. This is
another verification of Advantage 1.

The first modification of t he Hooke-J eeves method is implemented in the
following function .

l lookc.l evcsh Iq . val' List , ..h. List . delta . cps I : =
Block Iln=Lcngthl var ], ,0=,]= .h .1=. 'b . succ-Falsc .qu, tlel=dclta. pn, r. hk, it=o I.

qO=q: f)olqO=qlll. varll I II - >'\ Il ll i li . 1i.u} I:
(* Form a new ba SI Cpoint *)

Whi lei tlel>=eps,
(* Typc I exploratory search *)

pn=E,pScarch [q , var, t .tiel I: succ=pnIl211:
III slice. x I=pnlll ii. tlel/=21:
( * Pattern search *)

(* Form a new fun ction F (Il ) symbolically *)

1=' I +h*( , ' 1- 0):
I"-q:
Dol r-Ii',varj] i 11- >1\ Ii l l. {i .n l] ;
(* IJnidi mensronal optumzauon hI? = min F (II ) *)

"
•• ••

1=' I+hk*( , '1-, '0 ):
( * Type II cxplorutory search *)

pn=E,pScarchlq,var.t.dcl] :
sllcc=pnIl21 1:
Ill succ, o=,'L ,'l=pnll i li. del/=21.
qll=q: f)olqO=qO/ va rl] i 11 - , I II ill. [r .n} I.
iI = I

I:
qO=q: f)olqO=qO/,vu r] ]i 11 - ' I II i ll, [ i ,n f I:
{. ' I ,qO }

I

In this way, we verify a part of Advantage :3-

Finnlly . the second modification of the Hooke-deeves m ethod ca n Ill'
implem mtcd sym bolica lly as follows. The function Explsel . performing an exp lora to ry
sea rch , conta ins /I unidimensional optimizations. The optimization directions
tl I .... . d" m e defined such t ha t each direction d ; . 1 :::. i :::. 1/ conta ins t he i th coord inate

identical to 1 and ze ros in all other positions.

For an arhitrary i - {I " , .. n: t he function

(; (,,-1) = G (/am ) = (~ ( .v ; t Ad;) = (~ ( Xlll s- la m *e1;)

definod uccordiru; to (2.4), ca n hl' l' ffl' .t ivoly furuu«] lI sing'algehl'll ic uumipulutio ns \ ith
l lIl nrhitrn ry sym bol /a m, two seque nces of t rn ns fo rmntiou rules of the 1III'IIl
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uarll JII - '> xmll JlI , J = 1. .. 1-1 , uarllJl1 .rmlIJII , J = I +I

and a tran format ion rule of tilt' form

uarll i ll - .\'ml l/ II lam

This i ach ieved in the following code:

qm=q.
Dolqm=qm/ VatILiII- ml lJll . U.1 I : I ~

qm=qm/ var]] 111- >( mlllll+lam ).
Dolqm=qm/.varllJ ll- > mILIII , U 1+ 1. n ] I.

ow, the unidim snsional optunizatinn

Ai = lambda = min U ( A ) == Illlllqm(/am )
A [ a 11/

can be performed using the in ternal form qm :lam l of the fu net.ion (;(A)

This is also a verifica tion of Advantage a.

Expl re! Iq . a r List .I List .met . ccp I =
BIOl:k IILls=l l. qO. qm. I. J, n=Ll:ngthl ar] , cpssecp. lambda.

.m- t. del> I. 110 - II . mctodvmct} .

qll=q; Dol q()=q()/ varllJ 11- "\1ll11J II.U.n l ].
LrsvAppcndl l.rs.. m]:
For Ii= I. I <n, 1++.

( * F OIlIl a 1Il:\\ func tion G t lam ) *)

qnr-q:
Dolqmsqm/ .varl ll II- mill II .U .I -III ~

qm=qml.varllill - ( mlllll+lam ).
Dolqm=qm/ vaI'IlJ II- >,mllj II,U.1+ l.nj ]:
( * Unidimensional opunuzauon lambd a = nun GUam ) " )

[am

......

qm=qm/ lam- e- lambda ;
Ir Iqm<qll. xm]] i11 +=lam hda:

nor+=lamhda"2.
Lis=Appl:nd ILis. xm ];

1
J:
ud =Sqrtl noI' I:
Ixm.dcl.Lis]

I

II

We will now describe the implementation of the second modifica t ion of the
Hooke-Jecves method. According to (2.6), the function H ( II) is defined by



294 P . Stanimirovic, M. Tasic, M. Ristic / Symbolic Implementation

•

This function can be formed in an analogous way as the function F(h),

defined in (2.8>. Assume that xO and xl denote two successive approximations Xk and

x k . I ' respectively. Then the function Hth. ; can be generated in the fo llowing way:

t=:-: I+h*(:-: 1-:-:0):
qc:-:p=q,
1)01 qexpsqcxp/.var]Ii II->q Ii II,I i.n }]:

The second modification of the Hooke-Jeeves method is implemented in the
,

function Hoohedeeueslrel.

Hookclcvcsfrcl lq. ivar. Li st ,xh List , cpsi.] : =
Block I{Lista> {I, n l, n=Lcngthl var] , :-:O=x I=uu=:-:b, t=:-:b, succ- False, qO,

deltaseps. pn, qexp, hk, it=O},
Listas Appcnd]Lista.xn I:
1)01 qO=qO/.var]]i II :-:011 iILi ,nl:
pn=E:-:pl)ell q,var.t.metod.eps I:
dcltavpn] [211:
it+= l ;x I=pn[l l ll:
Lista=Join[Lista,pn[131[1 :
uu=:-: 1-:-:0:
Whi lcll\hs [ucltal <cps.

(* Fonn a new function H (h) symbolically *)
t=:-: I+h*(:-: 1-x0):
qc:'p=q:
Do] qexpsqcxpl. varl] i 11- til i II,(i , II f I:
t=x I+hk*(:-: 1-. 0):
pn=E:-:pl)c1 Iq,var.t.mctod.cpsI:
uclta=pn[ [211:
l.i stus .l oin] l.ista.pn]1.1 III:
:-:0=:-: I: x I=pn[1111: Lisur- Append]Lista.x II :

•dd>:' 1-. '0:

qO=q: DolqO=qO/.varl] iII x III ill , t i.n ] ];
it+=I :

I:
qO=q: Dol qO=qO/.vurl] i II x III ill , Ii.n f I:
I ' 1.qu. Lisra I

I

4. NUMERICAL ILLUSTRATION

This sect io n is devoted to II com pur ison of the nbove described modifications of

th« Iloolu ·-,J o( ·vt's met.hod . (jrllphical illustrations lII'l' developed using two plots by
menus of the functions LisllJ/o/llnd Coutourl' lot, ina s im ila r way a s in III and Il :n

gxumplc .... 1. Cons ido r tlu- objective function (~(X, y ) =x :l + y :l -a sil\lx -YI . TIll'

o l' ig-illll l l loo \w-,Jl'l'Vt'H III it hud us 'd in th« exprossiou
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InI11: :::: Hooke-Jeveslx-z +y"2-3"Sin jx-y ], Ix,y l,10.5,0.81 ,0.1,0.0011

produces a divergent process:

295

x l > (0.8 , 0 .8 } q ::::1.28 delta e O.l

x l > 11.1, 0.8 } q :::: 0 .963439 delta :::: 0.1

xl :::: I 1.3, 0.8 1 q ::::0.891 723 delta :::: 0.1

• • •

x l > 10.9 ,2.22045 1O·1 6 } q :::: -1.53998 delta::::0.1

x l > 10.9, -0 .1 } q ::::-1.70441 delta e O.I

• • •

x l > 10.7, -0.4 } q ::::-2.02362 delta ::::0.025

x l > 10.575, -0 .6 } q ::::-2.07744 delta e 0.025

• • •

•

xl:::: I - 1.325, -3.95 } q :::: 15.8764 delta::::0.025

x l > 1-1.3, -3.925 } q :::: 15.6139 delta ::::0.025

• • •

xl:::: 10.5, -0.725 } q ::::-2.04679 delta ::::0.025

xl :::: 10.625, -0.5 } q ::::-2.06618 delta ::::0.025

• • •

xl :::: 11.45, 1.225 1 q :::: 11.8603 delta > 0.025

x l > {0.15, 3.5 1 q ::::11.6518 delta> 0.025

•• •

xl:::: {1.975, 13.65 } q :::: 187.889 delta ::::0.025

Out111 :::: $Aborted

•

•

Under the same assumptions, the first modification of the Hooke-Jeeves met­
hod converges for an arbitrary unidimensional search optimization method. Consider
the expression

Inl2l : :::: Hooke.Jeveshlxcz + y"2-3"Sin lx-y 1,1 x.y },10.5,0.81,0.1,0.0011

For example , in the start ing point, symbolic function r (h ) is equal to

f :::: (0 .8 + O. h )2 + (0.6 + 0.1 h)2 + 3 Sinl0.2 - 0.1 hi

The golden sect ion method after minimization" hk = min r (h )
h

gives hk = 0.999959

which implies

z I > I0.799996,0.8 l, q :::: 1.28001 , delta ::::0 .1

In the 22th iteration we get
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I' = (-0.584927 - 5.03952 1O·1 :l h l:! + (0.585755 + 0.003 12474 h ):! ­

> 3 Sinl 1.1 7068 + 0.003 12474 hi

ILk = 0.0000408563 and

xl = {0.585755, -0.584927 l, q = -2.0778. delta = 0.00078125.

Consider now the expression

In[3 l:= Hooke.Jeveshlxoz +y"2-3*Sinlx-yl. {x.y l,{0.5,0.8} ,0.1,0.000000000011

Using the fixed step search during the unidimensional optimizations
h k = min F (h ) , we get the result after 64 iterations.

h

The obtained resu lts are illu strated in the fo llowing picture .

• •

•

••••

• •• 1 1 . • I

Figure I: The first modification converge in 64 iterations

nder the same assumptions, the second modifica t ion of the method
conve rges in 3 iterations.

I1 . •1..'•
.,L.- --~--_:_---.J

".

••• •

•

"'il-.'Ure 2: 'l'h • s icond modificat ion converges in ::l itc rutions
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Example 4.2. The resu lti ng lis t of the express ion

Hooke.Ievesh ]x"2 +y":! ,Ix ,y l ,{ 2 .3 l.0.1,0.000000000011

is repro ented in the following figure :

. - .....
.........- : =c::: -. 'to

-.
~-

•

\ •
\

, \I

•

- 0 . s 0 0 , 5 , 1. 5

I

o.~

-1

./

o,-- ~ _

Figure 3: Convergence of the or igina l Hooke-Je 'yes method

T he first modification of the modified Hooke-Je 'yes method

Hooke.Jevesh ]x"2 + y"2, fx,y l, {2,a },0. 1,0.0000000000 11

im proves convergence rate and accu racy , The following figure illustra te tilt' t rajecto ry
ge nerated by the fixed step method with the precision 10-11:

1

1.5

0.5

z

3 _

0L- --'

-1 - 0. 5 0 0.5 1 1.5 Z

Figure 4: Application of the fixed ste p method in the firs t modifica tion

The following figu re illustrates the t rajecto ry generated by he var iable top
method with the precision 10-11:

•
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Figure 6: Application of the variable step method in the first modification

The following computation , defined by the or iginal Hooke-deeves method

HookeJeveslx"2+ y"2,lx,Y1,1 20, 10 1,0.1,0.000000000011

diverge :
n .,..,. ...,.-~~._- -- .~- .. ,...

8

4
•

2

- 15 - 1 0 -S o 5 10 15 2 0 •

Figure 6: The original Hooke-deeves div srges

Und ' 1' t he sam • condit ions, th • first modifi ca t ion conv irges. For exa m ple, t ilt'
r 'su its ohta inod applyi ng the cons ta nt step sea rch a re illustrated in tilt' fo llowing
figur .:
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I"i",'urt 7: '1'11(' first uuul ificnt iou l'O Il Vl' I'~I 'S
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Example 4.3. Consider the objective funct ion Q(x ,y ) = (x - 2 )4 (x- 2y ):!. T he
or iginal Hooke-J eeves method , used in the expression

HookeJ eves i(x-2 )1\4+ lx-2y )1\2 1, Ix,y 1,10,3 1,0.1,0.0000000 11

diverges . Unde r the same assumptions , the fir st mudifica t ion of the met hod, denoted by
t he expression

In] JI:=Hooke.Ievesh ](x -2 )1\4 + lx-2y)1\2 I,lx,y I, l 0,3 1,0.1,0.00000001 1

converges after 51 iterat ions :

•

•••

•

1 . •

1

•••

• 1 I I

I

Figure 8: The first modification converges in 51 iterations

Finally , the secund modifica t ion of the method, used in the expression

H ookeJevesDeli(x-2 )1\4 + lx-2y )1\2 1, Ix,y I,{O,3I,O.1,0.0000000 11

conve rges in 4 itera t ions.
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Figure 9: The second modifica tion converges in 4 iterat ions
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5. CONCLUSIONS

It is known that formu la manipulation by a com puter requires much more
time and memory space than t raditional implementation in the procedural
programmi ng languages. But, as shown in the examples, improvements in the
convergence ensured by modificat ions of the Hooke-Jeeves method are significan t. This
is a com pensation for the great memory space a nd t ime requirements for the above
described symbolic implementation of these modifications. The second compensation
for the symbolic implementation of the method is the simple implementation of
algorithms for sym bolic manipulations in the package .l'vlATHEMATICA. Moreover, the
possibility of the software to process an arbitrary objective function makes it generally
applicable. The user is released from further modifications in the program.

Note that the mentioned improvements in the convergence depend only on the
modificatio ns of the Hooke-J eeves , but not on the implementation language.
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