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1  There are still some qualitative triggers provided in the text of Directive No. 23 that can adjust the output of the model.

2  The assumption is made in order to make the inference equation linear. Refer to Venables W. N. and Ripley B. D. (2002) for the complete theory.

3  Pohar M., Blas M., and Turk S. (2004) have studied the behavior of LDA and Logit when normality condition fails.
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4  Refer to  Hosmer D. W., Lemeshow S. (2000) for deeper explanations on Logit. 

5  In 2012, the model was substituted with a more sophisticated integrated model that comprises several auxiliary models.
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6  Detailed derivation is out of the scope of this paper. For in-depth theory, refer to Andrew Ng, Stanford University, CS229 Lecture notes.
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7  The list of parameter values selected for each model is provided in the Appendix, Table C.

8  I’d like to thank the NBU Risk Management Department, in particular Alexander Fostik and Dmytro Sharov, for the great help and participation in Logit model 
building, as well as in creating the independent variables list and breakdown to clusters.

9  Companies located in Donbass and Crimea were eliminated from the sample, since they went bankrupt not due to economic reasons.

10  For such companies, the Directive has a list of qualitative triggers that increase the probability of default.
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11  Typically, these are companies that are more than 90 days overdue on a loan, but there are other conditions.
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12  In fact, by doing this transformation we fit our input data to what we expect to see (notice, that we make WOE trend to be in line with economic intuition). 
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13  Refer to Hardle W. K., Moro R. A., Schafer D. (2009) for an additional example of both approaches. 

14  Refer to the Appendix for the additional statistics for each variable, Tables A and B.
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15  Refer to Kovahi R. (1995) for more details on this method and its analogues. 

16  The results are not final. Therefore, the model, which will be presented to the banking system, may differ somewhat.

17  Cluster “Others”. Large companies.
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18  Cluster “Others”. Large companies.

19  Note that counterintuitive signs were not allowed in LDA and Logit cases by construction. This might be considered a privilege for SVM in this analysis. On the 
other hand, LDA and Logit have a predetermined functional form, which reduces the risk of overfitting. Therefore, it is not known what effect this privilege had on 
the results or if it was a privilege at all. 
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20  It should be noted that some of variables are statistically insignificant by p-value. However, p-values were not the main criteria for model selection, but rather 
an auxiliary one. Therefore, insignificant variables were allowed in some cases.
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21  This procedure shall circumvent the problem of monotonicity breaches caused by overfitting.

#��������	
■ Altman E. I. (1968), Financial Ratios, Discriminant Analysis and the Prediction of Corporate Bankruptcy. http://

onlinelibrary.wiley.com/doi/10.1111/j.1540-6261.1968.tb00843.x/pdf
■ Venables W. N., Ripley B. D. (2002), Modern Applied Statistics with S, pp. 333-336.
■ Pohar M., Blas M., and Turk S. (2004), Comparison of Logistic Regression and Linear Discriminant Analysis: A 

Simulation Study.
■ Hosmer D. W., Lemeshow S. (2000), Applied Logistic Regression, pp.5-10.
■ Boser B. E., Guyon I. M., Vladimir N. Vapnik (1995), A Training Algorithm for Optimal Margin Classifiers.
■ Andrew Ng, Stanford University, CS229 Lecture notes, http://cs229.stanford.edu/notes/cs229-notes3.pdf
■ Fawcett T. (2005), An Introduction to ROC Analysis. 
■ Doumpos M., Zopodunis C. (2009), Monotonic Support Vector Machines for Credit Risk Rating.



67DECEMBER 2015 I  VISNYK OF THE NATIONAL BANK OF UKRAINE

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

■ Costeiu A., Negu F.(2013), Bridging the Banking Sector With the Real Economy a Financial Stability Perspective, 
ECB WORKING PAPER SERIES NO 1592, https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1592.pdf

■ Pyle D., San Jose C. (2015), An Executive’s Guide to Machine Learning, McKinsey Quarterly. http://www.
mckinsey.com/insights/high_tech_telecoms_internet/an_executives_guide_to_machine_learning

■ Hardle W. K., Moro R. A., Schafer D. (2009), Estimating Probabilities of Default With Support Vector Machines.
■ Auria L., Moro R. (2007), Credit Risk Assessment Revisited Methodological Issues and Practical Implications”, 

Working Group On Risk Assessment, pp.49-68.
■ NBU (2012), Directive No. 23. http://zakon4.rada.gov.ua/laws/show/z0231-12/page5
■ Kovahi R.(1995), A Study of Cross Validation and Bootstrap for Accuracy Estimation and Model Selection, 

http://ai.stanford.edu/~ronnyk/accEst.pdf

fcc��	��
!
����f���ef�
�	�������|
��
���
��e��
���	�������
���

	
�� �¡ ¢£¡$ ¤£¥¦�� §¨� ©¢ 	
�� �¡ ¢£¡$ ¤£¥¦�� §¨� ©¢ 	
�� �¡ ¢£¡$ ¤£¥¦�� §¨� ©¢ 	
�� �¡ ¢£¡$ ¤£¥¦�� §¨� ©¢

��� Z���� ���	 ���
 ��� Z���	 ���� ���
 �� Z���� ���� ���� �� Z����� ����
 ���

Z����� ����� Z���� ���
 Z���� ����� ���� ����

Z�
���� ����� Z���� ��
	 Z���� ��	� ���� ����
Z�
���� ����� Z��
 ���� Z���� ��	
 �	 Z

��� ���� ����

��� Z���
 ��� ���� Z��	 ����� Z���� ��	
 Z�����	 �����
Z���	 ��� Z��	 ����� �	 Z����
 ���� ���� Z�����	 �����
Z���� ���� ��
 �
���� ���� ���	 Z

��
 ����� ��� Z���� ���
� ��


Z���
 ����	 ������ ���	� Z�	��� ����	 Z��	 �����
Z���
 ����� ������ ����� Z�	��� ����	 Z���� �����

��
 Z��
� ���� ���	 ��� Z����� ���	 ���
 ��
 Z� ���� ��

 Z��
� ����
Z���� ����� Z�
�	
 ����
 Z��� ��
� Z��
� ����
Z���� ����� Z�
�	
 ����� Z���� ���� ��
 Z���� ��� ���	

��� Z����� ��	� ���� ��� Z���� ����� ���� Z���� ����� Z���
 ����
Z����� ���� Z���� ����� Z���� ���� Z���� ����
���	 ���� Z���� ���� ��� Z���� ���� ���
 Z���	 ����

Z��	
 ����� ��� Z���
 ���� ��
	 Z���� ���	 Z���� ����
Z��	
 ����� Z��� ���
 Z
�
� ����� Z���� �����
���� ���� Z��� ���
 Z
�
� ����	 Z���� ���
�

�� Z����� ����
 ��
� ��� Z�
�
� ���� ��
� ��	 Z���
 ����� ���� Z���� ����

Z����� ����� Z
��� ����� Z���� ����� ��� Z���
 ��	� ���

���� ���� Z����� ����
 Z��� ���	 Z��	� ����

Z���
 ���� Z����� ���	 Z���� ���� Z
���� ����
Z���
 ��� ��� Z���� ����
 ���� Z��
� ��	
 ������ ����


��� Z����� ���	� ��
� Z���
 ���

 Z��
� ���� Z����� �����
Z���� ����� Z���
 ��
	 ��� Z���� ��� ���	 Z����� ����

Z���
 ����
 ��� Z����
 ����	 ���� Z���� ��
� �� Z����� ����� ���
Z���� ����� Z���� ����� Z��
 ����� Z���� �����
Z���� ���� Z���
 ����� Z���� ����� Z���� ���

Z���� ��� Z���� ��� Z���� ����� �
 Z����	 ���� ���	

��� Z���
 ����	 ��
� Z���� ���� �� Z����� ���
� ���� Z����	 �����
Z���� ���

 ��	 Z����
 ����	 ���	 Z���� ���� Z����	 ���

Z���
 ����� Z���� ����� Z���� ���
 ��� Z��

 ��
 ���


����� ��
	 Z���
 ����� ��� Z���� ���� ��� Z���
 ����
����� ���� Z���� ��� Z��	� ���� Z���� �����

��
 Z���� ���� ��

 Z���� ���� Z���� ���� Z����� ����

Z���� ��
� ��� Z��� ���� ���
 Z��	� ����� Z����� ����

Z���� ���
 Z���
 ����� Z��	� ���

 ��� Z����	 ����
 ����
Z���� ���� Z���� ����
 ��
 Z���
 ��
� ��
� Z���� �����
Z��
� ����� Z���� ����	 Z���� ����
 Z���� ���

Z���� ���� Z��	� ����� Z���� ��	�
Z���� ���	 Z��	� ����� ��� Z���	 ����

��� Z��
	 ���
 ���� ��	 Z����� ����� ���	 �
���� ���

Z���
 ����� Z����� ����	 �
���� �����
Z���
 ���

 Z��� ����

Z���
 ���
Z���
 ����

³£¡¦
$´µ¶�£¥�
� 
¶£��$´µ¶�£¥�
�

·
£¥

��
£´

 �
¡�¥

¦
Y¦

¡�´
��

 �
¡


�¡
£�



¨

 ¸

¡

�

Y¦
¡�´

��
 �

¡

·

£¥
��

£´
 �

¡�¥
¦

�¡
£�



¨

 ¸

¡

�



68

���������	
������	���
��	
�����	��
��	
������	�����
�	����
���������	
������	���
��	
�����	��
��	
������	�����
�	����

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

VISNYK OF THE NATIONAL BANK OF UKRAINE I DECEMBER 2015

!
�������e�
���c����{�
�
��
��������{������	�|
��
���


���
�������c
���


!
�������{|�������
��¹
����b
�
�����


���{�
������c
���




69DECEMBER 2015 I  VISNYK OF THE NATIONAL BANK OF UKRAINE

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

!
����e��������
�����
�����
������
�������c
���
º���	��




70

���������	
������	���
��	
�����	��
��	
������	�����
�	����
���������	
������	���
��	
�����	��
��	
������	�����
�	����

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

VISNYK OF THE NATIONAL BANK OF UKRAINE I DECEMBER 2015

!
�������������
�����
�����
�����{�
������c
���
º���	��




71DECEMBER 2015 I  VISNYK OF THE NATIONAL BANK OF UKRAINE

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

`������f�����������
�����������c
��	���	��


a) Large



72

���������	
������	���
��	
�����	��
��	
������	�����
�	����
���������	
������	���
��	
�����	��
��	
������	�����
�	����

NATIONAL BANK OF UKRAINE ECONOMETRIC MODEL FOR THE ASSESSMENT OF 
BANKS’ CREDIT RISK AND SUPPORT VECTOR MACHINE ALTERNATIVE

VISNYK OF THE NATIONAL BANK OF UKRAINE I DECEMBER 2015

b) Small



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Helvetica
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (A1 Standart)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1190.551 1683.780]
>> setpagedevice


