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Introduction 
 

The emerging more sophisticated computer hardware 
and software provide the users with ample opportunity to 
use various computer-aided systems in various areas of 
activities. Enterprises and organizations pay special 
attention to the creation and development of information 
systems. The present paper focuses on the multiple 
attribute decision making methods, which are applying in 
the decision support and intelligent decision support 
systems. 

Decision support and planning systems based on 
quantitative models have been developed and analysed in 
various countries for more than 50 years. A great number 
of multiple attribute decision making methods have been 
created in the world, however, we still do not know, which 
of them is most suited for solving a particular problem. 

Decision support systems are created and used for 
solving various problems. Some IT specialists choose one 
particular decision making method as the basis of a 
decision support system, while others use several decision 
making methods. Deng and Santoso [1–12] describe a 
decision support system, aimed at evaluating IS projects 
based on multiple attribute analysis. This system uses 
multiple attribute decision making methods, including 
SAW, TOPSIS, AHP and ELECTRE. 

The multiple attribute decision making methods are 
aimed at ranking the available alternatives. There are 
cases, when different methods give different results (i.e. 
the ranks of the same alternatives differ, depending on the 
methods used). This can be accounted for by differences in 
the basic principles of the considered methods. 

Three popular multiple attribute decision making 
methods are analysed in the present work. They are 
TOPSIS - Technique for Order Preference by Similarity to 

Ideal Solution [5], SAW - Simple Additive Weighting [6] 
and COPRAS - COmplex PRoportional Assessment [12]. 

The decision making problems describing 
multidimensional situations may be solved by various 
multiple attribute decision making methods (MADM). 
Then, the question arises: which of these methods is the 
best and how to choose it [1, 7, 11]. 

According to Triantaphyllou [9], today, there is 
hardly any MADM method fully accepted by society or, at 
least, by most of the experts. The problem of determining 
the best MADM method should be treated as the MADM 
problem, requiring the best MADM method for its 
solution. 

They performed the same analysis by comparing the 
methods WSM and TOPSIS. The analysis revealed that the 
method TOPSIS was not compared with the above 
methods. 

Chen [3] performed the comparative analysis of SAW 
and TOPSIS, aimed at determining, which of these 
methods more effective in dealing with the data is 
presented as fuzzy values’ intervals. The calculation of the 
correlations and the contradictions’ rates allowed the 
author to assume that SAW is easier to understand and to 
apply to the analysis of fuzzy values. 

There were some authors who considered the 
problem of decision reliability. For example, Pyy [8] 
offered to use the method DECREE (DECision REliability 
Evaluation) for probabilistic evaluation of decisions, when 
decision making is a sequence of significant events (e. g. 
accidents). The author applied the Bradley-Terry model to 
calculate the probability that the one alternative is better 
than the other alternative. The probability function and its 
definition were given by Birtolini [2]. 

Therefore, it may be stated that, actually, there are no 
methods of evaluating the reliability of MADM 
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techniques. Taking this into consideration, the authors of 
the present paper offer a new approach to evaluate the 
reliability of the multiple attribute decisions by calculating 
the biases of results, which are made using the multiple 
attribute decision making methods. Four types of the 
decision biases are calculating: 1) the decision bias 
depending on the biases of the attribute values; 2) the 
decision bias depending on the attribute significance 
biases; 3) the joint bias of decision, depending on the 
biases of the attribute values and the attribute significance 
biases; 4) the bias of the method depending on the 
principles, underlying the particular methods used. 
 
Formalization of a multiple attribute decision making 
problem 
 

Suppose, that a decision-making problem is 
considered, whose solution is the selection of the optimal 
alternative with respect to the attribute values and 
significances. To solve this problem, the initial data, based 
on the number of alternatives m and the number of 
attributes n, are required. They are obtained as follows: 
1. The number of the alternatives and attributes is 

determined, a set of alternatives    miAA i ,1,   

and a set of attributes  nj XXXX ,,,,, 21   are 

generated; 
2. Based on the expert judgements, the estimates xij, 

indicates the performance of the considered alternatives 
Ai, when it is evaluated in terms of decision attribute Xj 

and their probable bias Δij (%),  mi ,1 ,  nj ,1  are 

entered. The table of decisions is constructed, based on 
these data; 

3. A group of P experts, who will fill in the matrix of 
pairwise comparison of the attributes  PkPk ,1,  , is 

formed. Based on the filled in pairwise comparison 
matrices  PkPk ,1,  , the values of the subjective 

significance and the values of the integrated 
significance, which will be used in further calculations, 
are found [10]; 

4. The values of the integrated attribute significance, 
elicited from each expert, are presented as vectors: 

   Pkqqqq nkkkk ,1,,,, **
2

*
1

*   . 

 
The new method for evaluating the biases of decision, 
and of the method 
 

To evaluate the biases of a decision made with the 
help of multiple attribute decision making methods, when 
the biases of the initial data are given. The decision bias 
depending on the biases of the attribute values Δij, 

 mi ,1 ,  nj ,1  is denoted by  MA
* ; the decision 

bias depending on the attribute significance biases 

 njq
j ,1,   is denoted by  MB

* ; the joint bias of 

decision, depending on the biases of the attribute values 
and the attribute significance biases is denoted by 

 M* .The total optimality bias  M*  of the alternative, 

which obtained the highest rank (one), is calculated for the 

variances of the results obtained by the applied method M, 
where  COPRASSAWTOPSISM ,, . 

The application of the method of evaluating  M*  

involves three stages: stage I – the calculation of the 
variances of the results obtained by the applied method M 

 MS A
2 , depending on the biases of the attribute values Δij, 

 mi ,1 ,  nj ,1 ; stage II – the calculation of the 

variances of the results obtained by the applied method M 

 MSB
2 , depending on the attribute significance biases 

 njq
j ,1,  ; stage III – the calculation of the joint 

decision bias  M*  is based on the variances of the 

results  MS A
2 ,  MSB

2 . 

The actions of the stages I-II are performed by using 
the algorithm (Fig. 1). 

The coefficients of variation, expressed as a 
percentage, given as the bias of efficiency values of the 

alternatives  MA
*  and  MB

* . These calculations are 

performed by using the algorithm (Fig. 1). 
The actions of the stage III. In the light of the property 

of variance: if two variable X and Y are independent, the 
variance of their sum is given by   DYDXYXD  , 

then the standard deviation  of variable (X + Y) is given by 

 YXDS  . 

The coefficient variation (cv) is defined as the ratio of the 

standard deviation to the mean is given by: 
x

S
cv   

The coefficients of variation, expressed as a percentage, 
given as the bias of efficiency values of the most efficient 

alternative      
*

2
*

2
*

* x

MSMS
Mcv BA 

 , where x  - is 

the mean of the efficiency estimates of the most efficient 
alternative given by stage I and stage II. 

The bias of the method M, is denoted by M . The 

calculation of this bias consists of the three stages: 

1. Using the decision matrixes  PkX k
nm ,1,][   and 

taking the vectors of the attributes’ significance 

   Pkqqqq nkkkk ,1,,,, **
2

*
1

*   , the efficiency of the 

alternatives is calculated by applying each methods M, 
 COPRASSAWTOPSISM ,, . P×P variants of 

efficiency estimates of the alternatives are obtained 

     PPtgggMG t
mM

t
M

t
M

t  ,1,,,, 21  , by each 

method M, using the algorithm (Fig. 1); 

2. Using data    PPtMGt  ,1, , the mean efficiency 

values of each alternative 

   mMMM gggMG ,,, 21   are calculated and the 

matrix    Mtjmirij ,1,,1, R  is composed, where 

m – is number of alternative, Mt – is number of 
methods,  ijr  - is the mean values of i-th alternative 

by applying j-th method; 
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3. The elements of matrix R are normalized using formula 





m

i
ij

ij
ij

r

r
r

1

~ ;                                  (1) 

4. A normalized matrix is denoted by 

   MtjmirR ij ,1,,1,~~
 . The mean values 

 Mtjr j ,1,~   of the rows’ elements of the 

matrix    MtjmirR ij ,1,,1,~~
  are determined to be 

the real values of alternatives efficiency; 

5. The biases of the methods for each alternative are 
calculated by the formula 

 Mtjmirr ijj
j
i ,1,,1,~~  . (2) 

The authors for paper are offered to calculate the 
biases of the methods by the formula 

 Mtj
m

m

i

j
i

j ,1,
1

1
 


.                    (3) 

 

 

Fig. 1. The algorithm of the calculation of the decision biases depending on the initial data 

 
Case study 

A multiple attribute decision making problem, aimed 
at determining the best of three alternatives, evaluated 
based on four attributes, is stated. The values of the 
attributes are given in Table 1. 
 
Table 1. Decision matrix 

 X1 X2 X3 X4 

A1 50 0,214 571 193 

A2 78 0,213 665 299 

A3 50 0,222 690 191 

Max/min Max Min Min Min 

A group of 13 experts, who helped to determine the 
attribute significance values, is formed.  

 
Table 2. The biases of decisions 

 TOPSIS-A1 SAW-A1 COPRAS-A1 

 MA
*  0,123 0,026 0,017 

 MB
*  0,034 0,002 0,002 

 M*  10,2% 2,5% 1,8% 

M 0,077 0,039 0,038 

 
Based on the assumption that the biases of the 

attribute values are equal to 5% and following the normal 
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distribution, 13 decision matrixes were generated. 
According to the methods TOPSIS, SAW and COPRAS, 
the best alternative was A1. The real efficiency value of 
alternative A1 is 0,455. 

Using the proposed method for the calculation of the 
decision biases, the values of the biases are given (Table 
2). 

According to the method TOPSIS, the total efficiency 
bias of this alternative reaches 10,2%, while that obtained 
by using the method SAW is 2,5%, the method COPRAS – 
1,8%. Based on the obtained decision biases, it is 
concluded that the decision yielded by COPRAS has the 
smallest bias and is more reliable (efficient) than the 
decision obtained by the method TOPSIS or the method 
SAW. 

 
Conclusions and further research 
 

The analysis of the related works performed by the 
authors has shown that, actually, there are no methods of 
determining the reliability of decisions obtained by using 
multiple attribute decision making methods with respect to 
probable biases of the initial data and the principles of the 
methods used. The present work offers a new approach to 
evaluating the decision biases, when MADM methods are 
used. It takes into account the values and significances of 
the attributes and major principles of a particular MADM 
method. 

The suggested approach may be used, when MADM 
methods are applied. Further research will focus on the 
analysis of multiple attribute decision making methods 
from various perspectives. 
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opportunity to use various computer-aided systems. One type of these systems includes decision support systems based on the use of 
multiple attribute decision making methods. In designing such systems, the question arises, which of MADM methods is more efficient 
and should be used in evaluating taking into account that the best alternatives yielded by these methods often differ. A great number of 
researchers are trying to answer these and other similar questions. However, they usually arrive at the same conclusion that the 
considered methods are based on different principles, but the best (or most efficient) MADM method can hardly be found. Therefore, 
the authors of the present paper offer a method of evaluating the reliability of decisions, obtained by using MADM methods and their 
biases, taking into account the biases of the initial data pertaining to the problem solved and basic principles of various multiple attribute 
decision making methods applied. Ill. 1, bibl. 12, tabl. 2 (in English; abstracts in English and Lithuanian). 
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Tobulėjanti kompiuterinė technika bei programinė įranga, suteikia daugiau galimybių vartotojui daugelyje veikos sričių naudoti 
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priėmimo metodus. Projektuojant tokias sistemas, iškyla klausimų: kurį daugiakriterį sprendimo priėmimo metodą taikyti sistemoje, 
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metodas turi savų prielaidų, o geriausio metodo nėra, todėl šiame darbe autoriai siūlo metodą, kurį taikant būtų galima įvertinti 
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priėmimo metodų prielaidų atžvilgiu. Il. 1, bibl. 12, lent. 2 (anglų kalba; santraukos anglų ir lietuvių k.). 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 -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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


