Unconstrained minimization
problems

Using the package provided in the textbook

Y ou can copy the directory "OptimizationToolbox" in the CD into you Mathematica installation directory, under "AddOns ->
ExtraPackages'. In some operating system (for example, linux), the directory "OptimizationToolbox" is shown as

" optimizationtoolbox" (some charactersin lower case instead of upper case). So are the files under this directory. you will need to
manually rename them to the upper case name, so that Mathematica can read it correctly.

After copied the directory, you will be able to use the package. It is possible that there will be some warnings sinc ethe package
was written for an older version of Mathematica.

= Example 1

Use the steepest descent method to find (x, y) that minimizes f(xy) = (x+y)* + (2(x® +y? —1) - 1/3)2. The starting point is
(-1.25, 0.25).

= Needs["Optim zati onTool box‘ Unconstrai ned " ];

General : : obspkg :
Li near Al gebra‘ Matri xMani pul ati on is now obsol ete. The | egacy version being
| oaded may conflict with current Mathematica functionality.
See the Conpatibility Cuide for updating information. >

General : : newpkg :
Nureri cal Math* NLimt* is now avail abl e as the Nunerical Cal cul us Package.
See the Conpatibility Guide for updating information. >

Set Del ayed: :write : Tag Normin Normv_] is Protected. >
Set Del ayed: :write : Tag Hessian in Hessian[f_List, vars_] is Protected. >
SetDel ayed: :write : Tag Hessian in Hessian[f_, vars_] is Protected. >

General ::stop :
Furt her output of SetDelayed::wite will be suppressed during this calculation. >

nf21=  ? St eepest Descent

St eepest Descent [f, vars, x0, opts]. Conputes a mninmumof f (vars) starting from x0 using
the steepest descent nethod. The step length is conputed using analytical line
search. See Options[SteepestDescent] to see a list of options for the function.
The function returns {x, hist}. x is either the optimum point or the next point
after Maxlterations. hist contains history of values tried at different iterations.
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3= 2Pl ot Sear chPat h

Pl ot SearchPat h[f, {x1, x1m n, xlmax}, {x2, x2m n, x2max}, hist, opts]
shows conpl ete search path superinposed on a contour plot of the function
f over the specified range. hist is assuned to be of the form {ptl, pt2,
..}, where ptl = {x1,x2} is the first point, etc. The function accepts all
rel evant options of the standard ContourPl ot and the Graphics functions.

Defin the function, variables, and the starting point:

nap= o= (X+y)"2 + (2% (X"2+y"2-1) -1/3)"2;
vars = {X, y}; x0 = {-1.25, 0.25};

Use SteepestDescent to find the local minimum:

nel= {opt, hist} = SteepestDescent [f, vars, xO0];

f - (X +y)2+ (—%4—2 (—1+X2+y2))2

-2 +16x3 +2y + 16X y2
vf -
50y

2x - 2> +16x%y + 163

Optimum {-0.764703, 0. 762588} after 27 iterations

in7:= xhist = Drop[Transposerhist][[1]], 1];
Pl ot SearchPat h[f, {x, -1.4, -0.5}, {y, 0, 1}, xhist]
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However, if we plot the graph in alarger region, we can see that this problem may have another local minimum:

ne= Pl otSearchPat h[f, {x, -2, 2}, {y, -2, 2}, xhist]
y
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If wetry anew starting point (1.25, -0.25), we can seethat it convergesto another local minimum:

x0 = {1.25, -0.25};

{opt, hist} = SteepestDescent [f, vars,
xhi st = Drop[Transposef[hist][[1]], 11;
Pl ot SearchPat h[f, {x, -2, 2}, {y, -2, 2}, xhist]

In[10]:=
x07;
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f - (x +y)2+ (—%+2 (71+x2+y2))2

-BX 116x3+2y + 16X y2
vf -
2x- %Y +16x2y +16y3

Optimum {0.764703, -0.762588} after 27 iterations
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m Example 2

Use the conjugate gradient method to find (x,y) that minimized f(x,y)=(x+y)* + (2(x®+y?>-1)-1/ 3)2. The starting point is
(-1.25, 0.25).

npap= = (X+y)"2 + (2% (X*"2+y"2-1)-1/3)"2;
vars = {x, y}; x0 = {-1.25, 0.25};
{opt, hist} = ConjugateG adient[f, vars, x0];
xhi st = Drop[Transposef[hist][[1]], 11;
Pl ot SearchPat h[f, {x, -1.4, -0.5}, {y, 0, 1}, xhist]
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L2 (-1+x24y2))

f - (x +y)2+ (—5

-BX 116x3+2y + 16X y2
vf -
2x- %Y +16x2y +16y3

Usi ng the Pol akRi bi ere method with Anal ytical |ine search

Optimum ({-0.763759, 0. 763766} after 6 iterations
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Remark: comparing the iterations for convergence, we can see that for the example problem, SteepestDescent convergesin 27
steps and ConjugateGradient convergesin 6 iterations.

Using the Package provided by Mathematica

Before we start, let’ sfirst clean the entire working space. Thiswill remove the previously loaded package OptimizationT ool box.

no= << Uilities' CeanSlate’
CleanSlate[];

(Cl eanSl ate) Contexts purged: {d obal‘}

(G eanSl ate) Approxinate kernel nenory recovered: 472 Kb

Mathematica contains an Optimization package which provides solvers for UnconstrainedProblems. To load this package, use the
following command:
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= Needs["Optim zation® Unconstrai nedProbl ens‘" ]

nep= f =Cos[x”"2-3xy] +Sin[x"2+y"2];
Fi ndM ni num[f, {{x, 1}, {y, 1}}, Method - " Conj ugat eG adi ent" ]

ouz)=  {-2., {x->1.37638, y >1.67868})
in4)=  FindM ni munPl ot [f, {{x, 1}, {y, 1}}, Method - "Conj ugat eG adi ent" ]

out[4]= {{—2. , {x->1.37638, y >1.67868}}, {Steps —>9, Function- 22, Gadient - 22},
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