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Abstract-In order to solve some problems in index weighting 
method, this paper combined subjective judgment matrix of 
Analytic Hierarchy Process (AHP) with objective matrix based 
on rough set to get the combined judgment matrix, and 
calculated the weight of combined Judgment. Example showed 
that the method was reasonable and effective. 
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I.  INTRODUCTION 

Weight is the quantitative distribution of the importance 
of something or elements [1]. Weight is a important 
information of Evaluation, often used in multi-objective 
decision making, multi-index evaluation and prediction. 
Index weighting is giving corresponding weight to each 
index in the evaluation system, and it is an important part of 
the calculation process of evaluation. Usually, index 
weighting take a set of indexes for the study, included in the 
evaluation system, to research the relative importance of 
each index, and calculate the corresponding value. 

The current method of determining weight can be 
divided into four categories, namely subjective weighting 
method, objective weighting method, weighting method 
integrating subjective and objective and the variable weight 
method [2-8]. This paper used a method of building 
combined judgment matrix and calculating its weight vector 
matrix to determine the weight of each index. 

II.  INDEX WEIGHTING BASED ON AHP 

AHP is a new decision-making way of thinking from 
qualitative break to quantitative analysis and quantitative 
synthesis proposed in the mid 70s of last century by T. L. 
Satty, an U.S. operation researcher [9]. It helps people to 
maintain the consistency of the thinking progress, and 
provides the analysis, prediction, evaluation, decision-
making of complex systems a quantitative basis easy to be 
accepted.  

The general steps of determining weight by AHP are: 
1）Establish hierarchical structure 

Analyze the relationship, logic adscription and 
importance between each factor, and arrange them to make 
up a top-down. 

2）Determine quantitatively scale of thinking judgment 
In order to achieve the transformation from qualitative 

to quantitative, this paper used index scale (Table.2), which 
meets the law of Weber - Fechner psychology and has a lot 
of good nature, be widely used in practice [10]. 

3)Construct pairwise comparison judgment matrix 
Compare indexes with each other in the same layer, 

getting the judgment matrix A = (aij)n×n. Matrix A has the 
following properties: (1) aij>0; (2) aij=1/aji; (3) aii=1. 

4）Calculate the relative weight 
Eigenvector ω=(ω1, ω2, … , ωn) (Σωi=1) normalized 

corresponding to feature value n of Matrix A reflects the 
weights of n factors x={x1, x2, …, xn} in the target, known 
as weight vector of factor x to the target, and ω1, ω2, …, ωn 
are the weights corresponding to each index. 

5）Check consistency 
Defined consistency ratio CR=CI/RI, if CR<0.1, 

generally considered the consistency of judgment matrix is 
acceptable. Where CI=(λ-n)/(n-1) is the consistency index, λ 
is the feature root, n is the order of A. RT is the random 
consistency index introduced by Saaty. Gong Musen and Xu 
Shubai [9] derived the 1-15 order average random 
consistency index counting 1000 times shown in Table.2: 

If the judgment matrix can’t pass test, it need to be re-
structured. 

III.  INDEX WEIGHTING BASED ON ROUGH SET 

Rough set (RS) theory is a data analysis theory 
proposed by the Polish mathematician Pawlak in 1982, 
commonly used in dealing with fuzzy and imprecise 
problems. In recent years, rough set theory began to be used 
in multi-index comprehensive evaluation[11]. 

A.  The Basic Concepts of Rough Set Theory [12] 
Definition 1 An information system S can be expressed 

as ordered quadruple S={U, R, V, f}, where U is the domain, 
which is the set of all samples; R=C∪D is an attribute set, 
in which subset C is the condition attribute set, reflecting the 
characteristics of the object, D is decision attribute set, 
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reflecting the class of the object; V=∪Vr（r∈R） is the set 
of the attribute value, Vr indicates the range of attribute 
value; f: U×R→V is the information function to determine 
the attribute value of each object in U, that is if either xi∈U, 
r∈R, then f(xi, r)=Vr. 

Definition 2 In the information system S, for any subset 
of attributes RB ⊆ , if the object xi, xj∈U, Br ∈∀ , if and 
only if f(xi, r)=f(xj, r), xi and xj is not distinguishable, 
denoted by Ind(B). Indiscernibility relation also called 
equivalence relation. 

B.  Index Weighting Based on Attribute Importance [12] 
In rough set, each attribute has different importance, 

mainly reflect the classification of the information system. If 
remove an attribute can make a greater impact to the 
classification of a information system, indicating the high 
importance of the attribute; on the other hand showing the 
low importance of the attribute. Here introduce amount of 
information to express the changes in the classification. 

Let information system S={U, R, V, f}, for the 
equivalence relation P ⊆ R has a category U/Ind(P)={X1, 
X2, …, Xn}, then the amount of information of P is:  
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Where, |Xi|, |U| are the base of collection (number of 

elements in the collection). 
Attribute importance can be expressed by the concept of 

amount of information. Here use importance to measure the 
change of amount of information, the importance of attribute 
r in the attribute set P is defined as:  

sigp-{r}(r)=I(P)-I(P-{r})                                     (2) 
Normalize the importance of each attribute, you can get 

the weight of each index. Such as r∈P={r1, r2, …, rn}, the 
weight of index ri is:  
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IV. COMPREHENSIVE INDEX WEIGHTING 

Let A=(aij) is subjective judgment matrix (has passed 
consistency test) obtained by the AHP, i, j = 1,2, …, n. 

Let information system S={U, R, V, f}, r∈P={r1, 
r2, …, rn}, P is the equivalence relation in R. B=(bij)n×n is 
subjective judgment matrix obtained by rough set. Where:  
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Let C is the matrix combined A and B, C=(cij)n×n, cij

≥0, establish the most optimal model: 
min{[μ((C-A)2/2)+(1-μ)((C-B)2/2)]},0≤μ≤1 

The formula has a unique solution [13]: 
C=μA+(1-μ)B=μ(aij)n×n+(1-μ)(bij)n×n 

Proof: 
Make Lagrange function L(C, λ)=[μ((C-A)2/2)+(1-

μ)((C-B)2/2)]+λ(C-1), there is L(ωC, λ)=[μ((ωC-

ωA)2/2)+(1-μ)((ωC-ωB)2/2)]+λ(ωC-1). Where, ωA, ωB, ωC 
are the weight vectors normalized of matrix A, B, C there is: 
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The solution is ωC=μωA+(1-μ)ωB, so C=μA+(1-

μ)B=μ(aij)n×n+(1-μ)(bij)n×n.  
In the actual calculation, we just need to find the weight 

vector ωC of combined judgment matrix C, each element in 
ωC is weight of the corresponding index. ωC=μωA+(1-
μ)ωB can be known from the above proof.  

V.  EXAMPLE AND CONTRAST 

Take selecting a certain type of household appliance for 
example, factors to be considered are power (a1), price (a2), 
security (a3), appearance (a4), human (a5). 

First, calculate the weight of each factor by AHP. 
Compare the five factors a1, a2, a3, a4, a5 with each other to 
get the judgment matrix A: 
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The feature root and the eigenvector of Matrix A 

calculated out by Matlab program is: λ=5.101, 
ω=(0.427,0.419,0.603,0.310,0.428), normalize it and get 
ωA=(0.195,0.192,0.276,0.141,0.196). CI=(λ-n)/(n-
1)=(5.101-5)/(5-1)=0.025, CI/RI=0.025/1.12=0.022<0.1, so 
A can pass the consistency test. 

And then construct an objective judgment matrix, 
respectively use a1, a2, a3, a4, a5 as condition attributes C 
(rule layer), f is the decision attribute, corresponding to 
decision attribute D (target level). Performance parameters 
of a certain type of home appliances can got from the 
relevant data that manufacturer and the country published 
from, and its range is {1,2,3}, the meaning of the attribute 
values correspond to three grades: good (high), middling, 
general, here 10 brands was selected as the object set U, the 
decision table shown in Table.3. 

Write U={1,2,3,4,5,6,7,8,9,10}, we got: 
Ind(P)={{1},{2},{3},{4},{5},{6},{7},{8},{9},{10}}； 
Ind(P-{1})={{1},{2},{3},{4,5,6},{7},{8},{9},{10}}； 
Ind(P-{2})={{1,7},{2,6},{3,8},4,5,9,10}； 
Ind(P-

{3})={{1},{2},{3},{4},{5},{6},{7},{8},{9,10}}； 
Ind(P-{4})={{1,2},{3},{4},{5},{6,7},{8},{9},{10}}； 
Ind(P-{5})={{1},{2},{3},{4,10},{5},{6},{7},{8},{9}}. 
Take them into (1) and (2): 
sigp-{1}(1)=I(P)-I(P-{1})=64/100;  
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sigp-{2}(2)=I(P)-I(P-{2})=49/100; 
sigp-{3}(3)=I(P)-I(P-{3})=81/100;  
sigp-{4}(4)=I(P)-I(P-{4})=64/100; 
sigp-{5}(5)=I(P)-I(P-{5})=81/100. 
Compare the attribute importance with each other to get 

the object judgment matrix B: 
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The feature root and the eigenvector of Matrix B 

calculated out by Matlab program is: ω=(0.416, 0.318, 
0.526,0.416,0.526), normalize it and get ωB=(0.189,0.144, 
0.239,0.189,0.239). 

Consider subjective and objective factors 
comprehensively, and take μ=0.5, then ωC=μωA+(1-
μ)ωB=0.5ωA+0.5ωB=(0.192,0.168,0.2575, 0.165, 0.2175). 

Table Ⅳ shows that AHP reflect the actual situation to 
some extent, but the weight emphasis too much on 
experience and subjective factors, and difference between 
weight of each factor is too large; the weight based on rough 
set put too much focus on the objective conditions, ignoring 
some subjective factors, such as for high-income people the 
conclusion is the same, but the weight of price factor is too 
small for low-income people; the weight got by the method 
of this paper combined subjective and objective factors, by 
the proposed method are integrated to determine the weight 
matrix the subjective and objective factors, and the results of 
the weight of each factor is close, clearly this index 
weighting method is more reasonable. Therefore, the 
proposed method is feasible, can improve the accuracy of 
decision-making, and have some practical value. 

VI.  SUMMARIES  

In summary, the subjective judgment matrix based on 
AHP to is derived from expert experience; the objective 

judgment matrix based on rough set reflects inherent link 
between attributes; this paper combined subjective judgment 
matrix and objective judgment matrix into a new matrix, and 
proposed a comprehensive index weighting method on this 
base. The example showed that the method is effective and 
feasible. 
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TABLE I.  THE INDEX SCALE 

Scale Meaning 

90 1 A and B are equally important 

91/8 1.3161 A is little important than B 

92/8 1.7321 A is important than B 

94/8 3 A is significantly important than B 

96/8 5.1966 A is highly important than B 

98/8 9 A is vital than B  

The reciprocal of the 
above scale  

the scale of Element i to j is aij, contrarily is aji

TABLE II. AVERAGE RANDOM CONSISTENCY INDEX 

order 1 2 3 4 5 
RI 0 0 0.52 0.89 1.12 

 
order 6 7 8 9 10 

RI 1.26 1.36 1.41 1.46 1.49 

 
order 11 12 13 14 15 

RI 1.52 1.54 1.56 1.58 1.59 

TABLE III. DECISION TABLE OF SELECTING A CERTAIN TYPE OF HOUSEHOLD APPLIANCE 

U 
C D 

a1 a2 a3 a4 a5 f 

1 1 1 3 1 2 1 

2 1 1 3 3 2 2 

3 2 1 1 2 1 1 

4 2 2 3 3 2 2 

5 3 2 3 3 2 3 

6 1 2 3 3 2 1 

7 1 2 3 1 2 2 

8 2 3 1 2 1 2 

9 2 2 2 3 3 2 

10 2 2 3 3 3 3 

 

TABLE IV.   TABLE OF SELECTING A CERTAIN TYPE OF HOUSEHOLD APPLIANCE 

Methods  a1 a2 a3 a4 a5 
AHP 0.195 0.192 0.276 0.141 0.196 
taxis  3 4 1 5 2 
RS 0.189 0.144 0.239 0.189 0.239 
taxis  3 5 1 3 1 
Comprehensive 
method  

0.192 0.168 0.2575 0.165 0.2175 

taxis 3 4 1 5 2 
 

The 2nd International Conference on Computer Application and System Modeling (2012)

Published by Atlantis Press, Paris, France. 
© the authors

 
 

0159



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.7
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




