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I. INTRODUCTION 

Decision making for the best alternative, while considering various criteria that influence, is difficult 
and this difficulty is further complicated not only when conflicting relationships exist between the 
criteria considered, but also when qualitative criteria are included in considering the criterion. The 
uncertainties and the qualitative human thoughts, which are difficult to measure in quantitative value for 
the criteria, can be represented as fuzzy numbers, and these fuzzy numbers can then be normalized to 
compose the criteria directly under a hierarchical structure. In addition, the final result may vary with 
the value of importance assigned to each of criteria, which can also vary according to the opinion of 
different decision makers. 

The challenges in using the proposed decision framework would be defining and specifying the types of 
fuzzy numbers for linguistic variables and establishing the scale of preference structure to be used by 
Decision Makers. When there are many stakeholders with different interests in the outcomes of the 
project, it would be more difficult and complicated to establish the preference of scale structure as each 
of them may have different ideas about the importance of the decision criteria. Further it becomes more 
complicated and fuzzier to evaluate making group decisions. In many practical situations the problem of 
ranking various alternatives under conditions of risk and uncertainty is encountered where both tangible 
and intangible parameters are to be considered. Therefore, there exists a need of a model for solving the 
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problem of Choosing the best alternative (or best courses of action) or making a complete ranking of a 
finite set of alternatives.  The problem involves decision making[1] under condition of risk and 
uncertainty.         
  
In this paper, a multi-level, multi-objective, decision making methodology using fuzzy composite 
programming is developed where there are conflicting objectives, the objectives have different 
preferences (weights), and the value of each input variable is uncertain. A model is also developed for 
sensitivity analysis to understand the effects of a slight modification of user’s preferences on the 
ranking of various alternatives. The model has been implemented on MS-Excel. 
 

II. METHODOLOGY 

In order to make a decision among the different alternatives, it is necessary to consider the various 
criteria, which influence alternatives. In this paper, fuzzy set theory and hierarchical structure analysis 
are used. Fuzzy sets[5], which was introduced by Zadeh [18], are used to describe the inherent 
imprecision and ambiguity associated with the criterion for the alternative. The use of fuzzy sets will 
allow the user to include the unavoidable imprecision, which stems from the lack of available 
information or randomness of a future situation, and to quantify the qualitative criteria, which is 
difficult to evaluate as exact value. A systematic approach was developed to evaluate and choose the 
best alternative in the following five sequential steps: 

 Step 1: Selection of basic criteria, which influence to the alternatives. 
 Step 2: Normalization of selected basic criteria to compare directly. 
 Step 3: Aggregation and weighting of normalized basic criteria into more general groups by Fuzzy 

Composite Programming  [2],[3].  
 Step 4: Evaluate and Rank the proposed alternatives. 
 Step 5: Sensitivity Analysis. 
 
A. SELECTION OF BASIC CRITERIA:  A number of criteria, which relate to the objectives, can be 
considered. These basic criteria are used as the input variables to evaluate each alternative. Since these 
basic criteria contain elements of uncertainty, these are estimated as fuzzy numbers to help characterize 
their uncertainty, which is inherent to a given set with a degree of membership as shown in Fig. 1. Let 
Zi(x) be a fuzzy number for the ith basic criterion and its membership function   [Zi(x)] be a trapezoid 
(or triangle), where x denotes an element of the discrete set of the alternative being analyzed. The 
membership function for each of the basic criterion can be constructed as shown in Fig. 1, where Zi,h(x) 
is an interval value of the ith basic criteria at the confidence level h. 
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Fig. 1: Trapezoidal (triangular) membership function of fuzzy number.
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B. NORMALIZATION OF BASIC CRITERIA: The values of the basic criteria for the evaluation 
process are estimated as fuzzy values to characterize their uncertainty. The fuzzy values are numbers 
that belong to a given set (interval) with a degree of membership. Since the units of the basic criteria 
are different, thus making it difficult to compare them directly, the actual value of each basic 
criterion [Zi,h(x)] should be transformed into an index value [3]. The normalization process is 
performed by using the best and worst values for each basic criterion. The value of the ith fuzzy 
criterion is transformed into an ith normalized fuzzy index value with the help of predetermined best 
value (BESZi) and worst value (WORZi) for the ith basic criterion among the given alternatives. The 
best and worst values may be crisp or fuzzy in nature [8]. The actual value Zi,h(x) can be transformed 
into an index value Si,h(x) as shown in figure 2.        

(a) If BESZi  >  WORZi , then the ith normalized fuzzy criterion [Si,h(x)] can be calculated by 
following equations:  
























ihi

ihii
ii

ihi

ihi

hi

WORZxZ

BESZxZWORZ
WORZBESZ

WORZxZ

BESZxZ

xS

)(,0

)(,
)(

)(,1

)(

,

,
,

,

,

 (1) 

    (b) BESZi  <    WORZi , then 
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 (a) BESZi > WORZi                                                                                              (b) BESZi < WORZi 
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C. FUZZY COMPOSITE PROCEDURE: The Composite(Aggregating) Procedure[4] involves a step-
by-step regrouping of a set of basic criteria to form a single criterion. The interrelationships among the 
basic criteria can be expressed by the use of a hierarchical structure[13][14] as shown below in  Fig. 3. 

 

 

  

 

 

 

 

 

 

                                                 

 

Figure 3: Hierarchy design for the software selection Model. 

In this type of hierarchical structure, the elements of level 1 are constituted of the selected basic criteria. 
The criteria in the upper level can be obtained by aggregating the criteria in the lower level. The 
aggregating procedure continues until the final level fuzzy criterion (A Single Decision Index) is 
achieved.  

Since decisions are based on the testing of all of the weighted descriptions for each alternative, the 
criterion must be integrated in some manner in order to make a decision. Aggregation is the process by 
which the fuzzy sets[6][7][8] that represent the output of each criterion influencing each alternative is 
integrated into a single fuzzy set. Aggregation is done only once for each output variable, just prior to 
the final step. 

Accordingly Index values, Li,h(x), for second level composite criteria can be calculated by using the 
index values of basic criteria, or 
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where nj = the number of elements in the second-level group j; Si,h,j(x) = normalized ith fuzzy criterion in 
the second-level group j of basic criteria; and Wi,j = the weight reflecting the importance of each of 
basic criteria in group j (ΣWi,j = 1), Zi,h(x) = value of the ith fuzzy criterion. BESZi and WORZi denote 
the best and worst values of the ith criterion, respectively. Similarly the index values at higher levels can 
be calculated. 
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The final composite index value Ln(x) can be obtained by combining the index values of the two last 
level criteria: 

 Ln(x) = { w1 [L1,h (x)] +  w2 [L2,h(x)] +  w3 [L3,h(x)] +……..}              (4) 

                         Figure 4: Fuzzy Composite Procedure. 

Where L1,h(x) = the index value for the first criterion in the final group , L2,h(x) the index value for the 
second criterion in the final group and  L3,h(x) the index value for the third criterion in the final group 
and w1, w2  and w3   are the weights representing the relative importance between the three criteria in the 
final group.                                      

D.EVALUATION AND RANKING OF ALTERNATIVES: Alternative However this index is a fuzzy 
number and a ‘de-fuzzified’ or expected value of the fuzzy number for each alternative is to be obtained 
to render the fuzzy number to be compared and ranked. For de-fuzzification, using the method of 
average mean criterion as given below in equation (5), the order value (index value) corresponding to a 
fuzzy number can be obtained. 

DESCRIPTION OF ALTERNATIVES AND INPUT VALUES: The three alternatives have been 
chosen as Software A, Software B and Software C Here the basic criteria are first chosen and then they 
are grouped to obtain a system criterion by the method of composite programming. The seven basic 
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criteria are shown in Figure 4 are chosen. These basic criteria are used as input variables to evaluate the 
alternatives The basic criteria are estimated as fuzzy numbers to help characterize them uncertainty. The 
method can be used to estimate the fuzzy numbers by consulting the experts and then consolidating the 
experts, inputs to model the inherent uncertainty of each criterion as a fuzzy number. The assumed 
fuzzy numbers (Basic Criteria Values) as can be obtained by taking experts opinion are tabulated in 
Table1 as input values. 
TABLE 1. Basic Criteria Values for Alternatives 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CALCULATION OF NORMALIZED VALUES: 

 First level Normalized Values: The Normalized Values are obtained for all the seven criteria using 
equations (1) and (2) and the calculated values are shown in Table 2. 
 

 Second level Normalized Values: The Normalized Values Li,h for second level composite criteria 
are obtained by using the equation (3),  where  the weights[15] for various criteria are taken from the 
following assumed  matrix. Suppose  
           

    Matrix for functionality               Matrix for performance                  Matrix for security        
            

                    

TABLE 2.    Normalised Value for basic criteria 
 
 
 
 
 
 
 

                        Basic Criteria Values (Trapezoidal Fuzzy Numbers ) For Three Alternatives 

Basic Criteria Alternative 1 Alternative 2 Alternative 3 Best
Value

Worst
ValueLeast likel

interval 
Most likel
interval 

Least 
likely 
interval 

Most likel
interval 

Least 
likely 
interval 

Most 
likely 
interval 

Start Up 625 680 640 660 200 230 205 220 110 150 120 140 680 110 

File Save 200 240 210 230 410 470 420 460 300 360 320 350 470 200 
User interface 260 310 270 300 130 160 135 150 550 600 565 585 600 130 
Database 150 185 160 175 310 360 320 350 480 520 490 510 520 150 
Network 200 240 210 230 410 470 420 460 300 360 320 350 470 200 
User security 625 680 640 660 200 230 205 220 110 150 120 140 680 110 
System 
Security 

260 310 270 300 130 160 135 150 550 600 565 585 600 130 

ITEM 

Alternative 1 Alternative 2 Alternative 3 

Least likel
interval 

Most likel
interval 

Least  likel
interval 

Most likel
interval 

Least likel
interval 

Most likel
interval 

Software 
Quality 

0.36 0.45 0.38 0.43 0.19 0.28 0.20 0.25 0.62 0.73 0.66 0.71
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 The second level normalized values are given in Table 3.  
 The composite fuzzy value can be obtained by using equation (4), where weights w1, w2 and w3 

have been taken from the following matrix and normalized values from Table2.     

                 Matrix for software quality  

E. RANKING FUZZY NUMBERS & SENSITIVITY ANALYSIS: If all the grades are real numbers, a total 
grades which is on a linear scale can be obtained .when the grades are represented by fuzzy sets, the overall 
grade which is also a fuzzy set can be obtained. one is then faced with another ranking problem in which the 
grade is unique but fuzzy with uncertainty[19]. In the statistical decision analysis problem also, there are 
several decision making criteria to rank the alternatives. And in that all the criteria for ordering random 
variables are designed to define a function to convert the probability distribution to a single value (index) by 
which the decision could be made based on the largest index value. The same idea can be carried over to the 
ordering problem of fuzzy variables. There are many criteria to define the index function with different 
emphases and no single criterion is satisfactory for all situations. The choice of criteria is context dependent.     
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                        Figure 5: Fuzzy set representation for linguistic grades 

For any computed grade of a specific alternative, we use four end points of two intervals: most possible 
interval and least possible interval. The average numerical grade is given by. 

                                       G =  ¼ (a1 + b1 + a0
+ + b0

+)           , Where a1 ,  b1 , a0
+ , b0

+ are shown in Fig. 
(5) 

    Since G is a real number, its order is well defined, in next section. 

RANKING THE ALTERNATIVES: The ranking of alternatives can be done only after defuzzifying 
the composite fuzzy number for each alternative. Here the ranking of alternatives is made by using the 
four point average criterion. The average numerical grade is given by 

G = ¼ [ Sum of Most Likely Intervals + Sum of Least Likely Intervals ]   

          Hence, the order value of the first alternative 
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   = ¼ [0.35 + 0.38 + 0.43 + 0.46 ] = 0.41; 

           And the order value of the second alternative  

 = ¼ [0.19 + 0.20+ 0.25 + 0.28] = 0.23; 

          And the order value of the third alternative  

      = ¼ [0.62+ 0.66+ 0.71+ 0.73] = 0.68; 

Since, the order value of the third alternative is greater than the order value of the other two 
alternatives, therefore third alternative is preferred to the first and second alternatives. 

SENSITIVITY ANALYSIS: The decision makers may be interested to know how the 
ranking[16][17] (index values) of various alternatives will vary by changing the weights (relative 
importance) assigned to criteria at various levels. The variation can be plotted to provide a graphical 
view to the decision maker for taking appropriate decision, as shown below by the following graphs.  

 

 

 

 

 

 

 

 

 

 

 

                                                                      
                                                                                     WEIGHT FOR SECURITY=0.1 

 
FUNCTIONALITY 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

PERFORMANCE 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

SOFTWARE A 0.666934297 0.610849077 0.554763857 0.498678636 0.44253416 0.386508196 0.33042298 0.27433776 

SOFTWARE B 0.262580297 0.255102042 0.247623787 0.240145532 0.23667276 0.225189021 0.21771077 0.21023251 

SOFTWARE C 0.178132652 0.256201708 0.334270763 0.412339819 0.49408874 0.56847783 0.64654699 0.72461604 
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CONCLUSION 

The Fuzzy set Theory[9][10] which deals with a set of objects characterized by a membership function 
that assigns to each object a grade of membership ranging between zero and one is introduced and 
attempt is made to model uncertainty by using fuzzy numbers.  

The methodology of extracting fuzzy numbers from experts is presented .The concepts that must be 
considered when modelling uncertainty using fuzzy arithmetic[11][12] are introduced. Various 
approaches for representing uncertainty are discussed. A brief discussion of evaluation of multi –
attributes based on multi-attributes decision theory is made. The interval analysis and fuzzy set theory 
are introduced to represent and process vague and imprecise information. The risk assessment expert 
system is descried and its application illustrated with an example. 

Finally, for ranking alternatives, fuzzy composite programming method has been described to provide 
useful tool to solve decision making  problems where there are conflicting objectives, the objective have 
varying degrees of importance, and value of input variables are uncertain. A multi-level, multi-objective 
programming method using fuzzy sets to represent the uncertainty in input variables has been 
developed. 

The model has been implemented using Microsoft Excel, for evaluating and ranking various 
alternatives, based on both, the analytic Hierarchy process and Fuzzy Composite Programming 
methods. A simple procedure is developed to get the sensitivity Analysis of the problem to study the 
variation, because of change in the values of input parameters. The identification of situations in which 
a slight modification of user preferences might lead to the selection of a different alternatives is vital, 
since user input is not always absolute and final.                                                            
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