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Abstract: This paper utilizes the method of fuzzy preference relations to select the audition performers 

in symphony orchestras. Pairwise comparisons based on consistent reciprocal additive transitivity are 

adopted to obtain the importance weights of evaluation criteria and to get the performance rating of tutti 

candidates with respect to each criterion. By multiplying the importance weights of evaluation criteria, 

and the performance ratings, the best candidate in symphony orchestras is determined. An illustrative 

example elicited from Southern Taiwan Pops Orchestra is used to demonstrate the selection procedures 

of this proposed approach. 
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I. INTRODUCTION 

A professional symphony orchestra is a 

sophisticated organization consists of well-trained 

musicians, conductors, staff and board members, all of 

whom have skills to help the organization run well [1]. 

The core role of the orchestra is tutti. Principal 

conductors are the console of the orchestra with the 

responsibility of making long-term and short-term 

artistic repertoire, hiring performers, promoting 

programs, inviting soloists; as well as establishing the 

public image and remain the financial stability [2]. 

Therefore, to set up an efficient audition regulation 

seems the pivot of establishing an esteemed symphony 

orchestra [3]. The core value of symphony orchestra 

lies in the understanding for the tutti facing a 

composition on stage and making the audiences 

breathtaking [4]. Two musicologists, Bresin and 

Friberg [5] indicate the factors for evaluating the 

contributions of an orchestra include the mean values 

and ranges of the musical variables (tempo, sound 

level, articulation, register, and instrument). They also 

point out that music is a feeling of knowledge and 

aesthetics. A well-known symphony orchestra puts 

stress on the good quality of tone to satisfy audiences’ 

acoustic comfortability [6]. A symphony orchestra is a 

bridge for music heritage, of which the orchestra 

directors attempt to prepare a serials of programs all 

the year. Therefore, the audition performers play 

significantly important roles in a symphony orchestra. 

The evaluation criteria for selecting the audition 

performers become the main philosophy for the 

musical organizations. This paper probes a systematic 

approach by utilizing the fuzzy preference relation to 

help an orchestra forming his own regulations. An 

analytic hierarchy framework based on the consistent 

reciprocal additive transitivity for evaluate symphony 

orchestra to evaluate tutti quality is derived in Section 

III. In Section IV, an illustrative example is presented. 

Finally, discussion and conclusion are given in Section 

V. 

II. CONSISTENT FUZZY PREFERENCE RELATIONS 

Frequently, the decision data is denoted with the 

format of preference relations in decision-making 

science. Herrera-Viedma et al. [7] initialize the 

methodology of consistent fuzzy preference relations, 

having the capability not only enables decision makers 

to express preference degree over a set of alternatives 

with the least pairwise comparisons, but also avoids 

examining the inconsistency occurred in AHP. Wan, 

Wang and Dong [8] use novel group decision making 

method with intuitionistic fuzzy preference relations 

for RFID technology selection. Chen and Chao [9] use 

fuzzy preference relation to select supplier. Chang [10] 

a study to possibility the win to license of microwave 

authority in Taiwan. Chang, Chang and Wang[11] 

measured the success possibility of implementing 

advanced manufacturing technology by utilizing the 

consistent fuzzy preference relations. Wang and C. [12] 

investigated the aggregation of fuzzy preference 

relations with an application to broadband internet 

service selection. Chao and Chen [13] evaluated the 

criteria and effectiveness of distance e-learning with 

consistent fuzzy preference relations. Wang and Lin 

[14] applied consistent fuzzy preference relations to 

select merger strategy for commercial banks in new 

financial environments. Chen and Chen [15] measured 
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fuzzy risk value by analyzing between interval-valued 

fuzzy numbers. Chang et al [16] developed an audit 

detection risk assessment system that uses fuzzy set 

theory. K., and S [17] applied the solving multi-period 

project selection problems with fuzzy goal 

programming based on TOPSIS and a fuzzy 

preference relation. 

Given }2,,...,,{ 21  nxxxX n  be a finite set of 

alternatives to be pairwise compared by a finite set of 

experts ( }2,,...,,{ 21  meeeE m ). We can assume that 

the experts’ preference intensity toward the set of 

alternatives   may be represented in two ways [18]: 

(1) Multiplicative preference relation. A 

multiplicative preference relation A  on a set of 

alternatives X  is indicated by a matrix XXA  ,

)( ija , ija  is the ratio of the preference degree of 

alternative ix  over alternative jx , A  is assumed 

multiplicative reciprocal, that is 

},...,1{,1 njiaa jiij           (1) 

(2) Additive fuzzy preference relation. An expert’s 

preferences on a set of alternatives X  is denoted by 

a positive preference relation matrix P , with 

membership function: ]1,0[: p , where 

ijjip pxx ),(  indicates the ratio of the preference 

intensity of alternative ix  over alternative jx . If 

2
1ijp  implies indifference between ix  and jx  

( ji xx ~ ), 1ijp  indicates ix  is absolutely 

preferred to jx , 0ijp  indicates jx  is absolutely 

preferred to ix . P is assumed additive reciprocal, 

given by 

},...,1{,1 njipp jiij           (2) 

Suppose there is a set of alternatives being associated 

with a multiplicative preference relation )( ija  

with ]9,[ 9
1ija . Then the corresponding fuzzy 

preference relation )( ijpP   with ]1,0[ijp  to 

)( ija  is given as: 

)log1()( 92
1

ijijij aagp            (3) 

A consistent fuzzy preference relation 'P  on 

}2,,...,,{ 21  nxxxX n  from 1n  preference values 

},,...,,{ 12312 nnppp   can be constructed as follow. 

}},...,,{,{ 12312 nnijij ppppjipB        (4) 

jjiiiiji ppp
ij

p 1211 ...
2

1
 


       (5) 

}},...,,{min{ 12312 nnpppBa           (6) 

BppBppP nnnn   }1,...,1{},...,{ 112112  (7) 

]1,0[]1,[:  aaf , 
a

ax
xf

21
)(




    (8) 

III. FRAMEWORK TO SELECT AUDITION 

PERFORMER IN SYMPHONY ORCHESTRAS BY  

UTILIZING FUZZY PREFERENCE RELATIONS 

This section proposes an analytic hierarchy model 

based on fuzzy preference relations to select the 

audition performer in symphony orchestra. The 

procedures consist of: determining the importance 

weights of evaluation criteria, evaluating the 

performance rating of audition performer with respect 

to each criterion, and ranking the audition performers. 

A. Identify the Evaluation Criteria for Audition 

Procedures 

The evaluation criteria are derived through 

literature review, widespread investigation and 

consultation with several experts. They are: 

Emotional Quotient (EQ) ( 1C : Popularity from the 

audiences, the population of the audiences, 

conductor’s demand, comfortability of the concert 

hall); Musical expressiveness ( 2C : intensity, tempo, 

expression skill); Knowledges in musicology 

( 3C :history of musical instruments, the Middle Ages, 

Renaissance, Baroque, Classical, Romantic, Periods 

thru Jazz Ages.; Knowledges in musicology 

( 3C :history of musical instruments, the Middle Ages, 

Renaissance, Baroque, Classical, Romantic, Periods 

thru Jazz Ages. ; Performing technique ( 4C : quick 

response to the sudden tonality change, potted notes, 

ornaments, silence notes, dynamic, pause, trill, 

staccato fingering bowing and tonguing); Family 

issues ( 5C : marital status, financial pressure, 

residence and health). 

B. Determining the Importance Weight of Evaluation 

Criterion 

This study provides the experts linguistic 

variables quantified in a scale of ]9,[ 9
1  to express 

their preferences about the importance weights of 

evaluation criteria (see Table 1) and the performance 

rating of feasible candidates (see Table 2) with respect 

to each criterion [19]. Fuzzy preference relations 

proposed by Herrera -Viedma et al. [7] are adopted in 

this study because it establishes a complete preference 

relation matrix that has n  elements with the least 

( 1n ) pairwise comparisons. 
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Table 1. Linguistic variables for the importance weight of criteria. 
 

Definition Intensity of importance 

Equally important (EQ) 1 

Weakly more important (WK) 3 

Strongly more important (ST) 5 

Very strongly more important (VS) 7 

Absolutely more important (AB) 9 

Intermediate values presenting compromise 2, 4, 6, 8 

 

Table 2. Linguistic variables for the performance rating of 

alternatives. 

 

Definition Intensity of importance 

Medium good (M) 1 

Fairly good (FG) 3 

Good (G) 5 

Very good (VG) 7 

Absolutely good (AG) 9 

Intermediate values presenting compromise 2, 4, 6, 8 

 

(1) The evaluators ( mkEk ,...,2,1,  ) are inquired 

which is the more important of each two 

adjoining evaluation criteria ( niCi ,...,2,1,  ) for a 

set of 1n  preference values },...,,{ 12312 nnaaa  , 

for example 
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where k
ija  denotes the preference intensity toward 

criterion i  and criterion j  assessed by thk  

evaluator. The sign “ ” indicates the remaining k
ija  

which can be obtained by inverse comparison 

methods. 

(2) Use Equation (3) to transform the preference 

value ]9,[ 9
1kija  into ]1,0[kijp . The 

remaining k
ijp  can be calculated using 

Equations (2) and (5). If this preference matrix 

contains any values that are not included in the 

interval ]1,0[ , then a transformation function is 

required to preserve the reciprocity and additive 

transitivity, given by 

a

ap
pf

k
ijk

ij
21

)(



 ,            (10) 

where },...,,min{ 12312 nnpppa   

(3) Utilize the method of average value to integrate 

the judgments of m  evaluators, namely 

)...(
1 21 m

ijijijij ppp
m

p         (11) 

(4) Use ijr  to indicate the normalized fuzzy 

preference value of each criterion, such as 

nji

p

p
r

n

i

ij

ij

ij ,,2,1,,
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(5) Given the i  denoting the importance weight 

of evaluation criterion i , the importance weight 

of which is obtained by 
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C. Evaluating the Performance Rating of Feasible 

Alternatives with Respect to Each Criterion 

The evaluators are invited to express their 

subjective judgments regarding the performance 

ratings of feasible alternatives ( tuu ,...,2,1,  ) with 

respect to each criterion by using linguistic variables, 

as listed in Table 2. 

(1) Under each criterion, the evaluators are asked to 

compare the performance rating of adjoining 

alternatives for a set of 1t  preference data 

},...,,{ 12312 ttbbb  , for example 
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where k
uvib  represents the performance rating 

assessed by thk  evaluator for alternative u  and 

alternative v  with respect to evaluation criterion i . 



Wang and Tsai, Advanced Management Science, 5(1): 46-52, 2016 

49 

(2) Using Equation (3), the performance rating 
k
uvib  is transformed into k

uvi q  in a scale ]1,0[ . 

If this preference matrix contains any values 

that are not included in the interval ]1,0[ , then 

a transformation function is required, given by 

a

aq
qf

k
uvik

uvi
21

)(



             (15) 

where },...,,min{ 12312 ttqqqa   

(3) Synthesize the different judgments of m  

evaluators, namely 

)...(
1 21 m

uviuviuviuvi qqq
m

q       (16) 

(4) Take ui  to indicate the normalized 

performance rating of alternative u  with 

respect to evaluation criterion i . 

tvu

q

q
t
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uvi
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      (17) 

D. Ranking the Alternatives 

Ranking the alternatives by the performance value 

Q  which is defined as 






n

i

iuiuQ
1

           (18) 

where i  is the importance weight of evaluation 

criterion i , and the best alternative is the one which 

has the largest performance value Q . 

IV. EMPERICAL ANALYSIS 

This study chooses the Southern Taiwan Pops 

Orchestra as an example to demonstrate the proposed 

procedures. Four feasible candidates are selected by 5 

experts with respect to 5 major aspects (including 23 

sub-criteria). Analytic hierarchy selections based on 

the consistent fuzzy preference relations are used to 

deal with this multiple criteria selection problem. The 

computations of this proposed framework are 

narrated as follows. 

A. Weighting Calculation for Evaluation Criteria 

Pairwise comparisons for these 5 major evaluation 

criteria are obtained via a series of interviews with 5 

evaluators. The following examples clarify the 

computational process involved in obtaining the 

importance weights of evaluation criteria using the 

consistent fuzzy preference relations. 

(1) The pairwise comparison matrices derived from 

5 evaluators for a set of 4 adjoining evaluation 

criteria },,,{ 45342312 aaaa  are listed in Table 3. 

Table 3. Linguistic terms assigned for 5 criteria by 5 evaluators. 

 
1E  2E  3E  4E  5E  

 

1C  VK LVS LVS LST LAB 2C  

2C  ST EQ VS VS SW 3C  

3C  VS LVLA LVS LVS LVS 4C  

4C  AB VS AB AV VS 5C  

 

(2) Using Equation (3) to transform the linguistic 

variables quantified in ]9,[ 9
1  listed in Table 3 

into an interval ]1,0[ , taking 1E  as an 

example and yielding the following values: 

312 WKa ,  750.02)3log1( 912 p  

523  STa ,   0.8662)5log1( 923 p  

7VS34 a ,   0.9432)7log1( 934 p  

945  ABa ,   000.12)9log1( 945 p  

 
(3) Using Equation (11), the aggregated pairwise 

comparison matrix is obtained. The result is 

shown in Table 4. 

Table 4. Aggregative matrix of importance weight of criteria. 

 1C  2C  3C  4C  5C  

1C  
2.500  1.356 1.953  1.298  2.768  

2C  
3.644 2.500  1.977  2.441  3.909 

3C  
3.047 1.906 2.500  1.766 3.314 

4C  
3.702 2.559 3.154 2.500  3.969 

5C  
2.232  1.091 0.913 1.031 2.500  

Total 15.125 9.466 10.497 9.036 16.46 

 

The importance weight and rank of each 

evaluation criterion is then obtained by Equations (12) 

and (13), and the results are listed in Table 5. Taking 

1  as an example, 

165.0
  2.323 3.702 3.047 .64432.5

5.2
11 


r

 

141.0
0.707 1.367 1.0731.3400.827

168.0143.0186.0143.0165.0
1 
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Table 5. Normalized matrix of importance weight and rank of evaluation criteria. 

 

 1C  2C  3C  4C  5C  
Weight ( i ) Rank 

1C  
0.165  0.144  0.207  0.142  0.168  0.156  4  

2C  
0.241  0.266  0.329  0.268  0.238  0.252  2  

3C  
0.201  0.202  0.266  0.202  0.201  0.202  3  

4C  
0.245  0.272  0.335  0.274  0.241  0.257  1  

5C  
0.148  0.116  0.179  0.113  0.152  0.133  5  

 

The results show that the importance order of 5 

evaluation criteria is: performing technique (0.257)> 

Musical expressiveness (0.252) > knowledges in 

musicology (0.202) > EQ management (0.156) > 

family issues (0.133). 

B. Calculating the Preformance Rating of All 

Feasible Candidates with Repect to Criterion 

The performance rating for all feasible candidates is 

calaulted as follows. 

(1) These 5 experts are asked to assess which 

candidate is better than another according to 

each evaluation criterion. The linguistic 

variables derived from Evaluator 1 are used as 

examples and listed in Table 6. The linguistic 

terms are translated into corresponding numbers, 

then into the interval ]9,[ 9
1  and finally in 

]1,0[ . 

Table 6. Evaluator 1 paiwise compares the alternative in criterion 

1 with linguistic variables. 

 1E  
A1 A2 A3 A4 

 A1 X LG   

1C  A2  X MF  

 A3   X AG 

 A4    X 

 

Table 7. Linguistic terms translated into number. 

 1E  
A1 A2 A3 A4 

 A1 0.500  0.134  0.291  0.791 

1C  
A2 0.866  0.500  0.658  1.158  

 A3 0.709 0.342  0.500  1.000  

 A4 0.209 -0.158  0.000  0.500  

 

 

(2) Since there are values in Table 7 being not in the 

range of ]1,0[ , this study uses Equation (15) to 

transform the values. The transformed results 

are shown in Table 8. This study finds that the 

absolute vale of minimum in Table 7 is 0.158, 

so the 222.0
158.0*21

158.0 0.134
)( 1

121 



qf . 

(3) Use Equation (16) to aggregate the different 

experts’ preference, the aggregated decision 

matrix is shown in Table 9. 

(4) Using Equation (17) to normalize the 

performance rating of 4 feasible candidates with 

respect to evaluation criteria. The results are 

listed in Table 9. 
 

Table 8. Transformed numbers. 

 1E  
A1 A2 A3 A4 

 A1 0.500  0.222 0.340  0.722 

1C  
A2 0.778  0.500  0.620  1.000  

 A3 0.659 0.380  0.500  0.880  

 A4 0.278 0.000  0.120  0.500  

 

C. Ranking the Performance Rating of 4 Feasible 

Candidate  

Using Equation (18) to multiply the importance 
weights of evaluation criteria by the performance 
ratings of candidate, an aggregative performance 
value uQ  for audition performer u  is obtained. 

Generally speaking, the performance value is the 
large-the-better. Taking 3Q  as an example. 

0.2710.312) (0.1330.269) (0.257

0.316) (0.202) 0.187 (0.2520.329) 0.156(3



Q

 
 

The performance values of 4 feasible candidates are 

listed in Table 10. The ranking of 4 candidates is 

Q3>Q1>Q4>Q2. The best candidate is A3. 
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Table 9. Aggregated and normalized decision matrix. 

  A1 A2 A3 A4 NORM 

 A1 2.500  1.558 0.798 1.489 0.159 

1C  
A2 3.442 2.500 11.098  2.431 0.253  

 A3 4.202 3.902 2.500  3.190  0.329  

 A4 3.511  3.171  1.810  2.500 0.260  

  A1 A2 A3 A4 NORM 

 A1 2.500  2.940 1.538  2.269 0.231  

2C  
A2 2.060 2.500  1.098  1.829  0.187  

 A3 3.462  3.902  2.500  3.231  0.327 

 A4 2.731  3.171  1.769  2.500  0.254 

  A1 A2 A3 A4 NORM 

 A1 2.500  2.896 2.226 3.927 0.289 

3C  
A2 2.104 2.500  1.830 3.531 0.249 

 A3 2.734 3.170 2.500  4.200 0.316 

 A4 1.703 1.459  0.800  2.500  0.146 

  A1 A2 A3 A4 NORM 

 A1 2.500  2.829 2.460 2.807 0.265 

4C  
A2 2.171 2.500  2.131 2.478 0.232 

 A3 2.540 2.869 2.500  2.847 0.269 

 A4 2.193 2.522 2.153 2.500  0.234 

  A1 A2 A3 A4 NORM 

 A1 2.500  3.207 1.998 2.782 0.262 

5C  
A2 10793 2.500  1.291 2.075 0.191 

 A3 3.002 3.709 2.500  3.284 0.312 

 A4 2.218 2.925 1.716 2.500  1.000 

* NORM: Normalization value 

 

Table 10. Performance value and rank of 4 hospitals. 

 A1 A2 A3 A4 

Q
 

0.244 0.222 0.308 0.225 

Rank 2 4 1 3 

 

 

V. CONCLUSION 

The excellent playing quality of the performer is 

a critical factor influencing the management and 

survival for a symphony orchestra. This approach is 

based on the reciprocal additive consistent fuzzy 

preference relations, rather than conventional 

multiplicative preference relation. That is to say, this 

approach takes only 1n  pairwise comparisons, 

however the traditional AHP conducts 
2

)1( nn  

judgments in a preference matrix with n  essentials, 

it is clear that the proposed approach is faster to 

compute and more efficient than the conventional 

pairwise comparison methodologies. According to 

the importance weights of evaluation criteria, the 

professional capability and service attitude are more 

important than other criteria. 
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