Chapter 09.03
Multidimensional Direct Search Method

After reading this chapter, you should be able to:
1. Understand the fundamentals of the multidimensional direct search methods
2. Understand how the coordinate cycling search method works
3. Solve multi-dimensional optimization problems using the coordinate cycling search
method

Optimization Techniques

Methods for finding optimal solutions in multidimensional spaces are not too different than
their cousins used in finding optimal solutions in a single dimension. The trade-off between
general applicability versus computational complexity also exists in multidimensional
optimization. The multidimensional direct search methods we will cover in this chapter, like
the one-dimensional Golden Section Search method
(http://numericalmethods.eng.usf.edu/topics/opt_goldensearch.html), does not require a
differentiable function. These methods are sometimes referred to as Zeroth Order Algorithms
because it is not required to differentiate the optimization function.

Probably the most obvious solution to an optimization problem in multidimensional
space is to systematically evaluate every possible solution and select the maximum or the
minimum depending on our objective. This is a very generally applicable approach and may
even be useful if the solution space is relatively small. However, as the dimensions of the
problem space, (number of independent variables), increase, the computational complexity of
this solution approach quickly becomes unmanageable. Therefore, we are interested in
methods that intelligently search through the solution space to find an optimal solution
without enumerating all possible solutions.

It is important to note that some of the popular optimization techniques you may have
heard of such as simulated annealing, tabu search, neural networks and genetic algorithms all
fall under this family of optimization techniques.

What is the Coordinate Cycling Search Method and How Does it Work?

The coordinate cycling search method, starts from an initial point and looks for an optimal
solution along each coordinate direction iteratively. For example, using a function f(x,y)
with two independent variables x and y, and starting at point(x,, y,) ; the first iteration will
move along direction (1, 0), until an optimal solution is found for the function f(x,y,). The
next search involves searching along the direction (0,1) to determine the optimal value for
the function f(x,,») where x,is the solution found in the previous search. Once searches in
all directions are completed, the process is repeated in the next cycle. The search will
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continue until convergence occurs or a predetermined error limit is met. The search along
each coordinate direction can be conducted by using anyone of the one-dimensional search
techniques previously covered. A visual representation of how the search converges is shown
below in Figurel.
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Figure 1 Visual Representation of a Multidimensional Search

Example 1

Consider Figure 2 below. The cross-sectional area A4 of a gutter with a base length b and an
edge length of [ is given by

A:%(b+b+2100s6’)lsin6’

Assuming that the width of the material to be bent into the gutter shape is 6 inches, find the
angle @ and edge length / which maximizes the cross-sectional area of the gutter.



9\/>

Solution

Recognizing that the base length b can be expressed asb =6—2/, we can re-write the area

Figure 2 Cross section of the gutter

function to be optimized in terms of two independent variables giving
f(,0)=(6-2+IcosO)lsinb .

Let us consider an initial point (0,%). We will use the Golden Section Search method to

determine the optimal solution along direction (1,0) namely the independent variable
corresponding to the length of each side. To use the Golden Section Search method, we will
use 0 and 3 as the lower and upper bounds, respectively for the search region (Can you
determine why we are using 3 as the upper bound?) and look for the optimal solution of the
function (/,0.52360) with a convergence limit of £<0.05. Table 1 below shows the

iterations of the Golden Section Search method in the (1,0) direction. The maximum area of

3.6964 in’is obtained at point (2.6459,0.52360) .

Table 1 Summary of the Golden Section Search iterations along direction (1,0) for Example

1. Here 6 =0.52360and f'(x, )= (6—2I +1cos(0.52360)/sin(0.52360))
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0.0639

— O | QNN | (W —

0 2.6262

2.6656

2.6506

2.6412

3.9694

3.9694

0.0395




Chapter 09.03

To search along the (0,1) direction corresponding to the angle &, we again use the Golden
Section Search method, but in this case using the function f(2.6459,0). Table 2 below
shows the iterations of the Golden Section Search method in the (0,1) direction. Note that at
the new optimal point (2.6459,0.8668) , the approximation of the maximum area is improved

to 4.8823 in”.

Table 2 Summary of the Golden Section Search iterations along direction (0,1). Here
[=2.6459and f(x,)=(6—2x2.6549 +2.6549 x cos§)x 2.6549 x sin @

Iteration | X Xy X Xy f(x) f(x,) &

0.0000 | 1.5714 0.9712 | 0.6002 | 4.8084 |4.3215 | 1.5714
0.6002 | 1.5714 1.2005 | 0.9712 | 4.1088 | 4.8084 |0.9712
0.6002 | 1.2005 0.9712 | 0.8295 | 4.8084 | 4.8689 | 0.6002
0.6002 | 0.9712 0.8295 | 0.7419 | 4.8689 |4.7533 | 0.3710
0.7419 | 0.9712 0.8836 | 0.8295 | 4.8816 | 4.8689 | 0.2293
0.8295 | 0.9712 0.9171 | 0.8836 |4.8672 |4.8816 | 0.1417
0.8295 | 0.9171 0.8836 | 0.8630 | 4.8816 |4.8820 | 0.0876
0.8295 | 0.8836 0.8630 | 0.8502 | 4.8820 |4.8790 | 0.0541
0.8502 | 0.8836 0.8708 | 0.8630 | 4.8826 |4.8820 | 0.0334

O |0 (I[N | B[N |—

After completing these two iterations, we use the optimal point to start a new cycle. Table 3
shows the first set of iterations for the second cycle.

Table 3 Summary of the Golden Section Search iterations along direction (1,0)

Iteration | X, X, X, X, f ()c1 ) f (x2 ) g

1 0.0000 | 3.0000 | 1.8541 | 1.1459 |4.9354 |3.8871 | 3.0000
2 1.1459 |3.0000 |2.2918 | 1.8541 | 5.0660 |4.9354 | 1.8541
3 1.8541 | 3.0000 |2.5623 |2.2918 |4.9491 |5.0660 | 1.1459
4 1.8541 |2.5623 |2.2918 |2.1246 | 5.0660 | 5.0627 | 0.7082
5 2.1246 | 2.5623 |2.3951 |2.2918 |[5.0391 |5.0660 |0.4377
6 2.1246 | 2.3951 |2.2918 |2.2279 |5.0660 |5.0715 | 0.2705
7 2.1246 | 2.2918 |[2.2279 |2.1885 |5.0715 |5.0708 |0.1672
8 2.1885 |2.2918 |2.2523 |2.2279 |5.0704 |5.0715 |0.1033
9 2.1885 |2.2523 |[2.2279 |2.2129 |5.0715 |5.0716 |0.0639
10 2.1885 |2.2279 |2.2129 |2.2035 |5.0716 |5.0714 | 0.0395

Here 0 =0.8668and f(x,)=(6—2/+/cos(0.8668)sin(0.8668)). Note that we still use the

initial intervals chosen for x,and x, values throughout the cycles.

Since this is a two-dimensional search problem, the two searches along the two dimensions
completes the first cycle. In the next cycle, we return to the first dimension for which we
conducted a search, namely/, and start the second cycle with a search along this dimension.



Namely, look for the optimal solution of the function f(/,0.8668). Each cycle consists of
enough iterations to satisfy the predetermined convergence limit.

After the fifth cycle, the optimal solution of (2.0016,1.0420) with an area of
5.1960in" is obtained. The optimal solution to the problem happens at exactly 60° which is
1.0472 radians, having an edge and base length of 2in .The area of the gutter at this point is
5.1962in’. Therefore folding the sheet metal in such a way that the base is 2in and the sides
are 2 in at an angle of 60° maximizes the area of the gutter.

OPTIMIZATION

Topic Multidimensional Direct Search Method

Summary Textbook notes for the multidimensional direct search method
Major All engineering majors

Authors Ali Yalcin

Date December 19, 2012

Web Site  http://numericalmethods.eng.usf.edu




	Chapter 09.03
	Multidimensional Direct Search Method
	Optimization Techniques
	What is the Coordinate Cycling Search Method and How Does it Work?
	Example 1
	Solution


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (GRACoL2006_Coated1v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /RelativeColorimetric

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 1

  /Optimize true

  /OPM 1

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Preserve

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.00000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (GRACoL2006_Coated1v2)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on 'Lulu'] Use these settings to create Adobe PDF documents best suited for Lulu's printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (GRACoL2006_Coated1v2)

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [1200 1200]

  /PageSize [612.000 792.000]

>> setpagedevice



