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Abstract:  We consider the problem where rankings, provided for instance by a group of evaluators, 
have to be combined into a common group ranking.  Axioms are general principles which are evident 
actualities that cannot be proven to be correct but which do not have counter examples. These 
principles present better design solutions in the shortest time as they provide a systematic research 
process in a design space which becomes complicated with customer needs. In addition, the fact that 
axioms can be generalized allows this method to be effective and powerful in different design areas. 
Individuals or small groups often make decisions which affect the interests of other people. In the case 
of asking 20 voter to provide a full ranking on 5 planes, we can consider each of the possible rankings 
as elements of Sn. There for First, we ask the experts to express the preference about of various plane. 
Second, using the new method are developed for assessing the preferences of the different individuals, 
for the selection the best design. The following new method applied to optimization condition during 
the calculating process (by defining two main rules). It reduces the searching space continuously and 
compute the final global optimal solutions with respect the value functions properties.   
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INTRODUCTION 

 
 Today’s competition conditions have carried customer needs to an effective position in all decisions related 
to service and production systems. There are a wide range of customer needs affecting decision makers in many 
decisions on product design and system design to find the most appropriate alternatives. Many new models 
which predicate on AD principles have been developed in the last few years to include these needs within the 
decision-making process with a systematic approach and to present comprehensive solution suggestions to 
decision makers. 
 AD principles, which allow for the selection of not only the best alternative within a set of criteria but also 
the most appropriate alternative, show a great difference when compared with other approaches. 
 R ECENTLY, in many social problems such as environmental management, it has been one of the most 
serious difficulties to get the consensus of people because of the multiplicity of their value judgments and the 
conflict of their interests. 
  In group decision making, therefore, it seems rather important to analyze the group dynamics and/or to 
refine information available for decision makers so that it may help their mutual understanding. (Tetsuzo, 
keinosuke and hirofumi,1979). 
 Decision making is a part of our daily lives. All decision problems have multiple alternatives and criteria. 
An increase in numbers of alternatives and criteria makes difficult to give a decision. Because of this difficulty, 
research on how to solve such problems has been enormous. Consequently, methodologies appear in 
professional journals of different disciplines. These methodologies are classified into two categories (Lai & 
Hwang, 1994): Multiple Objective Decision Making (MODM) and Multiple Attribute Decision Making 
(MADM). The difference between MADM and MODM is that MADM is associated with problems of which 
numbers of alternatives have been predetermined. The Decision Maker (DM) is to select/rank a finite number of 
courses of action. On the other hand, MODM is not associated with the problems in which alternatives have 
been predetermined. The DM’s primary concern is to design a ‘‘most” promising alternative with respect to 
limited resources. 
 MADM refers to making preference decisions over the available alternatives that are characterized by 
multiple, usually conflicting, attributes.  
 Although decision making is a difficult process, the situation that DM has exact information is better than 
the situation that DM has inexact information about the alternatives with respect to an attribute. (Kahraman, 
Cebi, 2009; Lai, Hwang,1994). 
 A wide range of real-world decision making problems require the assignment of a discrete set of 
alternatives described over a set of attributes into predefined homogenous groups. Such problems are usually 
referred to as ‘‘discrimination’’ or ‘‘classification’’ problems. In case the groups are defined in an ordinal way, 
multi criteria decision aid (MCDA) researchers have introduced the term ‘‘sorting’’. In sorting problems the 
attributes that describe the alternatives have the form of evaluation criteria, while the groups are defined in a 
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preferentially ordered way from the most to the least preferred ones. 
 MCDA provides a variety of techniques to address sorting problems. The development of sorting models 
through MCDA techniques often requires the decision maker to define specific information on the parameters of 
the developed model. This is the case in the outranking relations approach and the corresponding sorting 
techniques (Belacel, 2000; Massaglia, Ostanello, 1991; Perny, 1998; Yu, 1992). 
 The required information includes technical and non-technical parameters such as the weights of the 
evaluation criteria, preference, indifference and veto thresholds, etc. The direct specification of these parameters 
by the decision-maker ensures that the developed sorting model fits his/her judgment policy. Nevertheless, the 
procedure required for the decision analyst to elicit this information from the decision maker is often time 
consuming. This can be an inhibitory factor for its real-world application. (Zopounidis & Doumpos, 2004). 
 A voting rule is an algorithm for determining the winner in an election, and there are several approaches 
that have been used to justify the proposed rules. One justification is to show that a rule satisfies a set of 
desirable that uniquely identify it. Another is to show that the calculation that it performs is actually maximum 
likelihood estimation relative to a certain model of noise that affects voters (MLE approach). (Elkind, 
Faliszewski, slinko, 2010). 
 
Multi Criteria Sorting Methods: 
 Every classification/sorting methodology involves the specification of two issues: (1) the form of the 
criteria aggregation model that is developed for classification/sorting purposes, and (2) the methodology that is 
employed to define the parameters of the model. These issues also apply to all MCDA classification/ sorting 
methodologies. Consequently, the subsequent sub-sections review the MCDA classification/sorting research  
along the lines that these issues raise. 
 Before proceeding with the review, the notations used should be clarified and the problem should be 
formally stated. In particular, the problem under consideration is to assign a finite set of n alternatives A :{a1; 
a2; . . . ; an} g into q predefined groups C1; C2; . . . ; Cq. The alternatives are described using a vector of m 
criteria g = {g1; g2; . . . ; gm}. The performance of alternative ai on criterion gj will be denoted by gji. 
 

 
 
Fig. 1: Design mappings and domains. 
 
 Therefore, each alternative can be considered as a vector ai = {g1i; g2i; . . . ; gmi}. In the case where the 
groups are defined in an ordinal way, C1 will denote the group consisting of the most preferred alternatives, 
while Cq will denote the group of the least preferred alternatives. (Zopounidis & Doumpos, 2002). 
 
Statement of Problem and Notation: 
1.1 Basic Notation: 
1.1.1 Axiomatic Design and its Principles: 
 In the Axiomatic Design theory the design process is divided into four domains (fig. 2). Besides the domain, 
there is an additional feature that has to be taken into consideration to complete the design process model, and 
that is the constraints. The constraints are limiting the available solution space. 
 The design process starts in the identification of customer needs and attributes, and formulating them as 
FRs and constraints. These FRs are then mapped onto the physical domain by conceiving a design embodiment 
and identifying the DPs. There may be more than one solution to this mapping. Each DP is then mapped onto a 
set of PVs that define it.  
 At a given level of the design object, there exists a set of functional requirements. Before these FRs can be 
decomposed, the corresponding design parameters must be selected. Once a functional requirement can be 
satisfied by a corresponding design parameter, that FR can be decomposed into a set of sub-FRs, and the process 
is repeated. This process, carrying out the decomposition into new layers and mapping between the domains, is 
called zigzagging. (Cochran, 1999; Cochran, Yong-Suk & Jongyoon, 2000; Satity. Thomas, 1990; Tate & 
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Nordlund, 1996; Yong-Suk, 2003). 
 Axioms are widely accepted principles which are the fundamental concepts of this process.  
 These principles present better design solutions in the shortest time as they provide a systematic research 
process in a design space which becomes complicated with customer needs. 
 The first design axiom is known as the Independence Axiom and the second axiom is known as the 
Information Axiom. They are stated as follows (Suh, 1990). 
 Axiom 1. The Independence Axiom: Maintain the independence of functional requirements. 
 Axiom 2. The Information Axiom: Minimize the information content. 
 The Independence Axiom states that the independence of functional requirements (FRs) must always be 
maintained, where FRs are defined as the minimum set of independent requirements that characterizes the 
design goals. Mathematically, the relationship between the FRs and DPs are expressed as: 
{ } { }FR A DP=   
Here, 
{FR} is the functional requirement vector; 
{DP} is the design parameter vector; and 
A  is the design matrix that characterizes the design. 

 In general each entry aij of A relates the ith FR to the jth DP. The structure of |A| matrix defines the type of 
design being considered. In order to satisfy the independence axiom, |A| matrix should have an uncoupled or 
decoupled design. 
 

               Uncoupled Design (2)                                                                                                     

               Decoupled Design (3)                                                                                                    

                   Coupled Design (4)         

 
 The Information Axiom states that among those designs that satisfy the Independence Axiom, the design 
that has the smallest information content is the best design. Information is defined in terms of the information 
content, Ii, that is related in its simplest form to the probability of satisfying the given FRs. Information content 
Ii  for a given FRi is defined as follows: 

2
1log ( )i

i

I
p

=   

where pi is the probability of achieving the functional requirement FRi and log is either the logarithm in base 2 
(with the unit of bits) (Kahraman & Cebi,  2009; Perny, 1998). 
In this study we want to introduce the third axiom, that is comprehensive axiom. 
 The principle of comprehensive is indicating that  among all the feasible designs that satisfy the 
independence axiom, the one with the minimum information content and pay attention to all aspect of design 
target is the best design. 
 
The Representation Problem: 
 As mentioned before section , suh introduced the following two basic axiom that a design need to satisfy. 
(the independence axiom , the information axiom). 
If two axioms are satisfied therefore the design is comprehensive and complete.  
 On the other hand, given that people who are doing the design with the knowledge and abilities are 
different. Scientist  have different  knowledge and ability in applying these principle, there for plans are 
different.   
 Know that only implemented the plans, we awareness  of the efficiency and credibility designs. In this 
paper we want to introduce the decision analysis technique for assessment validity of design ,before being 
implemented. 
 In this study alternatives considered for evaluations. These includes two axiom as the scientific foundations 
of design plus comprehensive axiom. 
 In this study, First, we want of 5expert in the field of axiomatic design technique to design a plans with the 
goal of lean production (identical goal). 
 Recall that the symmetric group on 5 plans, is defined to be the set of all permutations of 5 objects, together 
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with the binary operation of (function) composition. In the case of asking voters (twenty people)  to provide a 
full ranking on 5plans , we can consider each of the possible rankings of preferred. After  identifying priorities, 
we determine the decision matrix  and use of the decision analysis technique for plane evaluation. 
 

 
Fig. 2: Process of plan evaluation. 
 
Methodology:  
The Group Ranking Valu Method: (Asgharpour, 2003): 
 Group Ranking Value (GRA) method  is introduced by Asgharpour (2003) Which is written in persian. It 
includes rules that identify the best quality dimensions via voting system. 
 The Group Ranking Value (GRV) is Based on "Counting the number of votes from paired comparisons" and 
the vote of "Absolute-Majority".  In each stage of transitive, the confirmation of dominant alternative in the 
appropriate position will causes value maximum for collective objective function. This means that  confirmation 
of dominant alternative is done, without considering of  not deployed alternative, therefore Rank  reversal 
phenomenon  do not occur. 
 Calculations are performed based on value theory. in each stage of transitive, search space is limited  via 
elimination dominant alternative or alternatives and accordingly is achieved optimal ranking. Anyway search 
space for GRV will compact, because number of alternatives been limited and  these constitute a compact set, 
hence value of alternative i (V(Ai)) is calculated throughout BSS set, as this calculation is based on the 
Algebraic sum of  the vote counting paired comparisons. V (Ai) is core of GRV and covers always the initial 
space BSS and derived the following spaces consecutively. 
 In  GRV algorithm, the confirmation of dominant alternatives generally is done in coordinate and 
uncoordinated vectors at the same time (because of a linear combination symmetry characteristic). in this way 
algorithm dispatch the achievement of optimal ranking. This means that two alternatives in each step, are 
candidates  to confirmation in two opposite vectors) 
 
Group Ranking Value Algorithm 'steps: 
 The steps of the Group Ranking Value method are desdribbed as follows: 
 
Step 1: The creation Matrix (K) of individual preferences; 

Alternative A1  Aj  Am 
A1 - … K1,j … K1,m 

      
Ai Ki,1 … Ki,j … Ki,m 
      

Am Km,1 … Km,j … - 
 
K=  i, j = 1, 2, , … ,m 
 
(The Sum of individual preferences of  paired alternatives) 
 
Ki,j =          The Sum of Decision makers that have preferred alternative i into alternative j. 
 
Ki,j = 0 ;     i = j 
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Setp 2: The creation Matrix of Outcome of individual agreements; 
Alternative A1  Aj  Am 

A1 0 … (K1,j-Ki,1) … (K1,m-Km,1) 
      

Ai 0 … (Ki,j-Kj,i) … (Ki,m-Km,i) 
      

Am 0 0 0 … 0 
 
BSS = { A1, A2 ,…… , Am} 
 
Setp 3:  
I) The Calculation alternative value i per Bounded-Search Space (BSS); 

1
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II) Disconnect and define coordinated and uncoordinated subsets; coordinated subset (S) is including alternative 
with positive values and uncoordinated subset (D) is including alternative with negative values, then  we can 
calculate the new value of each alternative (V2) in two subsets D and S separately. 
Setp 4: At this step; we use the four principles for determining of dominant alternative, These are rules 
respectively; 
1) The first main Rule 
2) The second main Rule 
3) Complementary Rule 
4) Screening Rule 
 The first main rule: In the coordinated subset (S); If the alternative value is positive strongly and the other 
alternatives value are negative strongly, then alternative with positive value is dominant and situate  highest 
rank, as well as, similar to  in the uncoordinated subset (D); If the alternative value is negative strongly and the 
other alternatives value are positive strongly, then alternative with negative value is dominant and situate  lowest 
rank.  
 Otherwise; If have exist three alternative or more with positive value in coordinated subset (S) or negative 
value in uncoordinated subset (D, we use from screening Rule, and if  each subset is including two alternatives; 
thus, we apply the second major rule. 
 The second major rule: If only in the coordinated space(S), there are two alternatives with positive value 
asV2 (Ai)> V2 (Aj) and nc(i,j)>0 , then Ai is dominant and situate  highest rank. It is obvious, for uncoordinated 
space (D), that should be action vice versa. 
 Otherwise; If only in the coordinate space(S), there are two alternatives with positive value (or negative in 
the space(D)), but the above conditions this rule not provided; then we apply Complementary Rule. 
 Complementary Rule: Otherwise; If only in the coordinate space(S), there are two alternatives with 
positive value (or negative in the space(D)), but the above conditions this rule not provided; we can't distinguish 
dominant alternative thus both alternatives can situate  in the one place and algorithm will include both 
alternatives.  
 Screening Rule: If have exist  three alternative or more with positive value in coordinate subset (S) or 
negative value in uncoordinated subset (D);In this case, we will use from screening Rule. 
 To separate alternative or alternatives with negative value in the space (S) (or with positive value in the 
space (D)) from S (or D) and again the value of the remaining alternatives calculate in the new limited space S 
(or D). As long as, be created one of mentioned rules (The first main rule, The second major rule, 
Complementary Rule), the dynamic screening algorithm continues. 
 The screening rule, if number of alternatives are numerous (nearly Twenty and more)  then perhaps get out  
from dynamic state and to have be fixed; that is mean, confirmation should occur in one direction. 
Setp 5: The algorithm will continue until, finally the position of all alternatives is specified. Equivalent 
positions can create several solutions, hence, to proceed steps 6. 
Setp 6: To calculate the objective function value for each of  resulting solutions to the following method . 
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The optimal solution will be Tobj with the max value. 
 
Empirical Study:  
 For the purpose of discussion , preferred can be placed in to one of five classes. 
 To explicitly illustrate how these method working , we look at an example. Say we ask voters to rank five 
planes based on suggestion given to them .Suppose 20 voters distribute their votes ( for axiom 1,2,3 ) in the 
following manner:  
- Independent Axiom (principle 1). 
 
Table 1: Preference for axiom 1. 

Preference Vote 
a>c>b>d>e 9 
c>b>a>d>e 2 
c>a>b>e>d 3 
b>a>c>e>d 2 
a>b>c>e>d 4 

 
 In other words, nine people select a>c>b>d>e , two people rank c>b>a>d>e, and so on. We would then 
collect this data into a profile (table 2) which represents how many people voted for each ranking of candidates. 
However, if we choose to calculate the pair wise ranking, we would find the following tally: 
 
Table 2: Represent of result of axiom 1. 

 A B C D E 
A - 16 17 20 20 
B 4 - 6 20 20 
C 5 14 - 20 20 
D 0 0 0 - 11 
E 0 0 0 9 - 

 
 In other words, A ranked higher than B sixteen times, where B ranked higher than A four times, which gives 
that A beat B overall. Similarly,  we get that A beats C by seventeen points, and so on. 
- Information axiom (principle 2): 
 In this alternative we examine the second principle.  information regarding second and later choice is 
valuable in helping aggregate preferences . for our purpose , we assume that voters rank all the experts on their 
ballot, and do not score experts as tied. 
 
Table 3: Ppreference for axiom 2. 

Preference Vote 
a>c>b>d>e 5 
c>b>a>d>e 3 
c>a>b>e>d 4 
b>a>c>e>d 2 
a>b>c>e>d 6 

 
Table 4: Represent of result of axiom 2. 

 A B C D E 
A - 15 13 20 20 
B 5 - 8 20 20 
C 7 12 - 20 20 
D 0 0 0 - 8 
E 0 0 0 12 - 

 
- Comprehensive axiom (principle 3). 
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Table 5: Preference for axiom 3. 
Preference Vote 
a>c>b>d>e 6 
c>b>a>d>e 3 
c>a>b>e>d 3 
b>a>c>e>d 3 
a>b>c>e>d 5 

 
Table 6: Represent of result of axiom 2. 

 A B C D E 
A - 14 14 20 20 
B 6 - 8 20 20 
C 6 12 - 20 20 
D 0 0 0 - 9 
E 0 0 0 11 - 

 
To do all procedure in GRV approach , we used java software . and results is the following table. 
 
Preference by  JRV: 
Axiom 1 : a, c, b, d,e 
Axiom 2 : a, c, b, e, d 
Axiom 3: a, c, b, e, d 
 Because the data is very closed to other, the result for each alternatively nearly identical. Therefore the final 
result is:    A, C,B, E,D 
 In other word, the result expression ,A design is better, when each of the three axiom that must be observed.  
 
Conclusion: 
 A framework for performance based design has been proposed .it is a system based approach where the 
principles of axiomatic design are relied on to provide a scientific structure for the design process. The concept 
of performance based design maintains that the primary goal of all members of the project team. We have 
provided a general method with  practical algorithms for scoring alternatives , when they are evaluated on some 
common ordinal scale . in this paper first we introduce the GRV method as one of MCDM technique. On the 
other hand evaluated plans that design with Axiomatic Design technique.    
 A homogeneous treatment is used at each design level. The independence and information axioms are used 
to reason about and quantify design quality . in this paper we add another axiom for quality evaluating. 
Comprehensive axiom is indicating that  among all the feasible designs that satisfy the independence axiom, the 
one with the minimum information content and pay attention to all aspect of design target is the best design. 
therefore third axiom associated with design and construction planning decision. 
 As a result GRV approach as on of the multi criteria decision method that no require to change from 
qualitative to quantitative data and provide to determine the possibility of preferred option. 
 Lastly, the evaluation and selection of optimal solutions is performed through use of the independence and 
information and comprehensive axioms. 
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