
 

  

Abstract—The problem of convergence properties of space 
mapping optimization algorithms is addressed. A new weighting 
scheme in the parameter extraction procedure is introduced that 
allows us to control the behavior of the space mapping algorithm 
and force it to converge after a reasonable number of fine model 
evaluations. An application example is provided. 

 

Index Terms—space mapping, space mapping optimization, 
convergence, engineering optimization, microwave design. 

I. INTRODUCTION 

Space mapping (SM) [1]-[5] is a methodology that allows 
efficient optimization of expensive or “fine” models by means 
of the iterative optimization and updating of so-called “coarse” 
models, less accurate but cheaper to evaluate. Provided that the 
misalignment between the fine and coarse models is not 
significant, space-mapping-based algorithms typically provide 
satisfactory results after only a few evaluations of the fine 
model. In microwave area (e.g., [6]-[9]), fine models are often 
based on full-wave electromagnetic simulations, whereas coarse 
models may be physically-based circuit models. 

There are two features of space mapping that may cause 
convergence problems and affect the performance of the SM 
algorithm. First, consistency conditions between the fine and 
coarse models are not necessarily satisfied. In particular, 
although it is desirable, we do not require that the surrogate 
model matches the fine model with respect to value and first 
order derivative at any of the iteration points. Second, 
subsequent iterations are accepted regardless of the objective 
function improvement. As a consequence, convergence of SM 
algorithms is not guaranteed in general and the choice of an 
optimal SM approach for a given problem is not obvious. 

In this paper we propose a modification of the parameter 
extraction procedure—one of the two fundamental components 
of any SM algorithm—that allows us to control convergence of 
the space mapping algorithm through a proper choice of weight 
coefficients used in the parameter extraction procedure. The 
technique is verified using microwave optimization example. 
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II. SPACE MAPPING OPTIMIZATION ALGORITHMS 
Let Rf  denote the response vector of a fine model of the 

device of interest. Our goal is to solve 

( )* arg min ( )f fU=
x

x R x  (1) 

where U is a given objective function. We consider an 
optimization algorithm that generates a sequence of points x(i), 
i = 0, 1, 2, …, and a family of surrogate models Rs

(i) , so that 

( )( 1) ( )arg min ( )i i
sU+ =

x
x R x  (2) 

Let Rc denote the response vector of the coarse model that 
describes the same object as the fine model: less accurate but 
much faster to evaluate. SM assumes that the family of 
surrogate models is constructed from the coarse model in such a 
way that the misalignment between Rs

(i) and the fine model is 
minimized. Let 

sR  be a generic SM surrogate model, i.e., the 
coarse model composed with suitable SM transformations. At 
iteration i the surrogate model Rs

(i) is defined as  
( ) ( )( ) ( , )i i
s s=R x R x p  (3) 

where 
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is a vector of model parameters and wi.k are weighting factors. A 
variety of SM surrogate models is available [1]-[4], e.g., the 
input SM [1], in which the generic SM surrogate model takes 
the form ( , ) ( , , ) ( )s s c= = ⋅ +R x p R x B c R B x c . 

III. CONTROLLING SM ALGORITHM CONVERGENCE THROUGH 
PARAMETER EXTRACTION WEIGHTING SCHEME 

The standard weighting scheme in the parameter extraction 
(4) assumes that all wi.k = 1 for all i and k = kmin, kmin+1, …, i–1, i, 
which means that the last i–kmin+1 iteration points are used and 
they are treated in the same way. Two common choices are 
kmin = 0, i.e., all available points are used, and kmin = i, i.e., only 
the last point, x(i), is used. Employing more than one point is 
typically required to maintain the uniqueness of the solution to 
the parameter extraction problem, while keeping kmin close to i is 
typically argued by the necessity of focusing the process of 
creating the current surrogate model on the vicinity of the 
current iteration point x(i). The compromise between kmin = 0 and 
kmin close to i is the weighting scheme in which wi.i = 1, and 
wi.k = β for k = 0, 1, …, i–1, with β being small (e.g., 0.01), 
which we call a standard weighting scheme. 

So far, other weighting schemes have not been investigated. 
Research concerning new SM algorithms has been mainly 
focused on new types of space mapping (e.g., [1]-[5], [10]). 
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It turns out that the performance of an SM optimization 
algorithm, in particular, its convergence properties, can be 
controlled by proper choice of weights wi.k in (4). By looking 
closer into the two steps of the SM algorithm, i.e., the surrogate 
model optimization (2) and the parameter extraction (4), one can 
observe that the convergence of the SM algorithm, i.e., the 
relation between ||x(i+2) – x(i+1)|| and ||x(i+1) – x(i)|| is mainly 
determined by the relation between the subsequent surrogate 
models, Rs

(i), Rs
(i+1) and Rs

(i+2). In particular, by choosing wi.k+1 < 
wi.k for all k, one can expect that the influence of subsequent 
iteration points on the values of the SM parameters will 
decrease. An extreme example is the situation, in which one puts 
wi.0 = 1, and wi.k = 0 for k = 1, 2, … . In this case one have 
p(k) = p(0) for k = 1, 2, …, which means that all the surrogate 
models Rs

(k), k = 0, 1, …, are the same and the SM algorithm 
converges in one iteration. This, of course, is not a good option, 
because by forcing the algorithm to stop after the first iteration 
we prevent it from finding a satisfactory solution. 

In this paper we propose the following practical scheme: 

. 0,1, ...,k
i kw k iα= =  (5) 

where α is a constant smaller than 1. Parameter α should be 
small enough to ensure convergence of the SM algorithm but 
large enough to allow the algorithm to find an acceptable 
solution. Obviously, for some coarse models and some space 
mapping types, it is not possible to satisfy the above two 
conditions at the same time. Hence, there are two situations, in 
which convergence control using the weighting scheme can be 
successfully employed: (i) the SM algorithm converges and 
finds a satisfactory solution but one wants to obtain a better 
convergence rate, or (ii) the SM algorithm does not converge 
but seems to be able to find a satisfactory solution (e.g., there is 
an oscillatory behavior, i.e., ||x(i+1) – x(i)|| is roughly constant and 
U(Rs

(i)(x(i+1))) satisfies the design specifications at least for some 
i). In other cases, the only choice is to employ a better coarse 
model or to try a different space mapping type. 

The above weighting scheme can be justified by mathematical 
considerations founded on rigorous convergence results, which 
will be given in a separate paper. 

IV. APPLICATION EXAMPLE 

Consider the six-section H-plane waveguide filter [11] shown 
in Fig. 1. The fine model is simulated using MEFiSTo [12]. The 
Matlab coarse model (Fig. 2) has lumped inductances and 
dispersive transmission line sections. The design parameters are 
x = [L1 L2 L3 W1 W2 W3 W4] 

T. The design specifications are: 
|S11| ≤ 0.16 for 5.4GHz ≤ ω ≤ 9.0GHz, |S11| ≥ 0.85 for 
5.0GHz ≤ ω ≤ 5.2GHz, and |S11| ≥ 0.5 for 9.5GHz ≤ ω ≤ 10.0GHz. 
The starting point is a coarse model optimal solution. 

We will use the following surrogate model: 
( , ) ( , , ) ( )s s c= = ⋅ +R x p R x A c A R x c , where A is an output 

space mapping diagonal matrix and c is the input space mapping 
vector. We perform SM optimization using parameter extraction 
with five different weighting schemes: a standard one (wi.i = 1, 
wi.k = 0.01 for k = 0,…, i–1), and a scheme (5) with α = 0.8, 0.6, 
0.4 and 0.2. 

Table I shows the value of the specification error for all the 
considered weighting schemes as well as the number of fine 

model evaluations necessary to obtain the algorithm 
convergence assuming 10-3 tolerance for ||x(i+1) – x(i)||. Fig. 3 
shows the convergence properties of the considered SM 
algorithms.  

The algorithm using the standard weighting scheme is not 
convergent and the average specification error is positive. It is 
seen that employing the weighting scheme (5) makes the 
algorithm convergent and the convergence rate improves with 
decreasing value of α. However, too small values of α 
deteriorate the quality of the solution. It seems that α around 0.6 
is a good choice for this example. The optimal value of α can be 
estimated using the assessment method derived from the 
convergence results for SM algorithms. This problem will be 
dealt with in a separate paper. 

V. CONCLUSION 

A simple and efficient technique for controlling the 
convergence properties of space mapping optimization 
algorithms is presented. The performance of the method is 
demonstrated using a microwave design example. 
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Fig. 1. The six-section H-plane waveguide filter: the 3D view [11]. 
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Fig. 2. The six-section H-plane waveguide filter: the circuit model [11]. 
 

TABLE I 
OPTIMIZATION RESULTS FOR H-PLANE WAVEGUIDE FILTER  

Weighting Scheme Final Specification 
Error 

Number of Fine Model 
Evaluations1 

Standard2 +0.00493 N/A 

wi.k = αk, α = 0.8 –0.0138 11 

wi.k = αk, α = 0.6 –0.0136 7 

wi.k = αk, α = 0.4 –0.0126 5 

wi.k = αk, α = 0.2 –0.0073 5 
1 Number of model evaluations until convergence (argument tolerance 

10-3) 
2  Standard weighting scheme: wi.i = 1, wi.k = 0.01 for k = 0, 1, …, i–1 
3  The value averaged over all iterations (specification error oscillates 

around zero) 
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Fig. 3. Six-section H-plane waveguide filter: convergence properties for 
the SM algorithm using the standard weighting scheme (∗), and the 
weighting scheme (5) with α = 0.8 (×), α = 0.6 (+), α = 0.4 (o), and 
α = 0.2 ( ). 
 

ACKNOWLEDGEMENT 

The authors thank Dr. W.J.R. Hoefer, Faustus Scientific 
Corporation, Victoria, BC, for useful discussions and for 
making the MEFiSTo software available. 

REFERENCES 

[1] J.W. Bandler, R.M. Biernacki, S.H. Chen, P.A. Grobelny, and 
R.H. Hemmers, “Space mapping technique for electromagnetic 
optimization,” IEEE Trans. Microwave Theory Tech., vol. 4, no. 
12, pp. 536-544, Dec. 1994. 

[2] J.W. Bandler, Q.S. Cheng, S.A. Dakroury, A.S. Mohamed, M.H. 
Bakr, K. Madsen, and J. Søndergaard, “Space mapping: the state 
of the art,” IEEE Trans. Microwave Theory Tech., vol. 52, no. 1, 
pp. 337-361, Jan. 2004. 

[3] J.W. Bandler, Q.S. Cheng, N.K. Nikolova, and M.A. Ismail, 
“Implicit space mapping optimization exploiting preassigned 
parameters,” IEEE Trans. Microwave Theory Tech., vol. 52, no. 
1, pp. 378-385, Jan. 2004. 

[4] S. Koziel, J.W. Bandler, and K. Madsen, “A space mapping 
framework for engineering optimization: theory and 
implementation,” IEEE Trans. Microwave Theory Tech., vol. 54, 
no. 10, pp. 3721-3730, Oct. 2006.  

[5] D. Echeverria and P.W. Hemker, “Space mapping and defect 
correction,” CMAM The International Mathematical Journal 
Computational Methods in Applied Mathematics, vol. 5, no. 2, 
pp. 107-136, 2005. 

[6] M.A. Ismail, D. Smith, A. Panariello, Y. Wang, and M. Yu, 
“EM-based design of large-scale dielectric-resonator filters and 
multiplexers by space mapping,” IEEE Trans. Microwave Theory 
Tech., vol. 52, no. 1, pp. 386-392, Jan. 2004. 

[7] K.-L. Wu, Y.-J. Zhao, J. Wang, and M.K.K. Cheng, “An 
effective dynamic coarse model for optimization design of LTCC 
RF circuits with aggressive space mapping,” IEEE Trans. 
Microwave Theory Tech., vol. 52, no. 1, pp. 393-402, Jan. 2004. 

[8] M. Dorica and D.D. Giannacopoulos, “Response surface space 
mapping for electromagnetic optimization,” IEEE Trans. Magn., 
vol. 42, no. 4, pp. 1123-1126, Apr. 2006. 

[9] S. Amari, C. LeDrew, and W. Menzel, “Space-mapping 
optimization of planar coupled-resonator microwave filters,” 
IEEE Trans. Microwave Theory Tech., vol. 54, no. 5, pp. 2153-
2159, May 2006. 

[10] S. Koziel and J.W. Bandler, “Space-mapping optimization with 
adaptive surrogate model,” IEEE Trans. Microwave Theory 
Tech., vol. 55, no. 3, pp. 541-547, March 2007. 

[11] M.H. Bakr, J.W. Bandler, N. Georgieva, and K. Madsen, “A 
hybrid aggressive space mapping algorithm for EM 
optimization,” IEEE Trans. Microwave Theory Tech., vol. 47, 
no. 12, pp. 2440-2449, Dec. 1999. 

[12] MEFiSTo-3D Pro, version 4.0, Faustus Scientific Corporation, 
1256 Beach Drive, Victoria, BC, Canada, V8S 2N3, 2006. 

 
 

23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


