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Abstract 
       The theory of Multi-Criteria Decision Making (MCDM) was introduced in the 

second half of the twentieth century and aids the decision maker to resolve problems 

when interacting criteria are involved and need to be evaluated.  In this paper, we 

apply MCDM on the problem of the best drug for rheumatoid arthritis disease. Then, 

we solve the MCDM problem via      -Sugeno measure and the Choquet integral to 

provide realistic values in the process of selecting the most appropriate drug. The 

approach confirms the proper interpretation of multi-criteria decision making in the 

drug ranking for rheumatoid arthritis. 
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ي ثو التهاب المفاصل الر امتعدد المعايير على الدواء الأمثل لمرض  القرارصنع   
 

 مجيبة هشام, جبار عباس*

 قدم العلهم التطبيقية, الجامعة التكشهلهجية, بغجاد, العخاق
 الخلاصة

تم تقجيم نظخية صشع القخار متعجد السعاييخ في الشرف الثاني من القخن العذخين التي تجعم صانع القخار لحل 
البحث، نطبق اتخاذ القخار متعجد  افي هح السذكلات عشج وجهد معاييخ متزاربة متعجدة وتحتاج إلى تقييم. 

هي. بعج ذلك، نحل مذكلة اتخاذ القخار متعجد السعاييخ السعاييخ على الجواء الأمثل لسخض التهاب السفاصل الخث
وتكامل جهكيت لإعطائشا قيسًا واقعية في عسلية اختيار الجواء الأندب، مسا مجا_سهجيشه قياس لا باستخجام 

 .يؤكج التفديخ الرحيح لرشع القخار متعجد السعاييخ في تختيب الجواء لسخض التهاب السفاصل الخثهي 
 

Introduction 

      Multi-criteria decision making (MCDA) is a branch of decision theory where acts or 

alternatives are chosen considering several points of view or criteria, assuming that the decision maker 

has all the information at his/her disposal concerning the alternatives, i.e. they are fully described by a 

vector of attributes which is supposed to be known without uncertainty. Over the years, many 

approaches and underlying theories have been developed for solving decision problems with multiple 

criteria. In [1], there is a comprehensive coverage of the latest research on MCDM problems that were 

applied in different scientific fields. Also, there exist some multi-criteria decision making problems in 

medical applications, especially in medical diagnosis. According to fuzzy decision making models [2] 

based on utility theory in medical diagnosis, Rakus-Andersson and Jogreus facilitated the choice of the 

drug, especially in the diagnosis of coronary heart disease [3, 4]. 
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 In this paper, we apply multi-criteria decision making on the optimal drug for rheumatoid arthritis by 

taking the drug values as measures and a special aggregation function to obtain realistic values. 

Section two introduces the basic definitions needed in our research. Section 3 discusses the MCDM 

problem on the optimal drug for rheumatoid arthritis. In section 4, we give a study case with results. 

Lastly, the paper is finished with some conclusions. 

Basic definitions 

A capacity [5] or fuzzy measure [6] is a generalization of classical measure by means of using non-

additive property instead of additive property. The definition of the capacity is as follows. 

Definition 1. [6] Let S be a finite set and     is the power set of S. A capacity is a set function 

               that satisfies:  

 1.                     
 2. for all                            
There are many types of capacities, one of which is the   Sugeno measure [7]. The definition of the 

  Sugeno measure is as follows. 

Definition 2. Let   {            } be a finite set, then a function      
          is called  

    – Sugeno measure if it satisfies the following requirements: 

 1.          

 2.  If         then                                                      

      with       . 

In general, it can be shown that 

   {            }    
 

 
[∏(       {   } )   

 

   

]                             

This givs a polynomial equation with respect to   

        ∏(       {  } ) 

 

   

                                                              

Moreover, the values of      {         } ) for             may be computed recursively as 

   {         }      {   }     {           }       {   }     {           }               

The value of     can present the following three kinds of interaction between the elements of S:  

          
a)  whenever     , the interaction is supper-additive, that is, 

                           

b)  whenever      , the interaction is sub-additive, that is, 

                           

c)    whenever     , the interaction is additive, that is, 

            =                

A special type of nonlinear integrals is the Choquet integral [5, 6], with respect to capacity. The 

Choquet integrals are appropriate tools to represent the weights of criteria with non-additive 

characteristics as the capacities. 

Definition 3.  Let   be a capacity on  , then the Choquet integral of              w. r. t. the 

capacity         is defined by 

  ∫     ∑        

 

   

             (    )                                                               

where  (    ) is permuted so that 0  (    )                1, with 

              and },....,{ )()()( nii ssA  . 

 

MCDM on the optimal drug for rheumatoid arthritis  

Consider an MCDM that depends on n criteria (or attributes) described by the alternatives D1  …   Dn 

and a set of criteria   {        }. The alternatives 

 D = D1  …   Dn  are the set of potential alternatives. For any                 the Decision 

Maker prefers an alternative    to     where   is the preference relation of the Decision Maker. Thus, 

by employing an overall utility function        (1), we obtain: 
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A classical way to construct   is to consider one-dimensional utility function    on each criterion and 

then to aggregate them by a suitable function: 

                                                 (              )        ,                                                   

where F is called an aggregation function. 

Aggregation functions (AFs) are mathematical functions to collect helpful data in multi criteria 

decision making. The input of AFs is several numerical values and its output is a single value. A 

special type of aggregation functions is the Choquet integral w. r. t. capacity. These integrals have 

been studied and applied in diverse fields (see, e.g. [8-16]).  

Based on the overall score by means of an aggregation function which takes into account the 

importance of the criteria interaction, the alternatives can be arranged and the best alternative selected.  

In this paper, we consider that the alternatives            act as medicines for patients, while the 

set of criteria               are  symptoms that are typical of the disease. When a rational DM makes 

a decision             (a space of alternatives), concerning states-results      (a space of 

symptoms),        . Hence, we have the ordered triplet          where   is a space of 

symptoms,   is a set of alternatives, and   is the utility matrix [4]. 

                               

                                                 

  

  

 
  

[

          

          

 
   

 
   

 
 

 
   

]                                                          

 

In this matrix, each value of                            belongs in the unit interval [0, 1].  

Hence, we associate with each symptom                a value (its importance) by using the 

following rule. 

 If the number is higher, then a greater significance of symptom will be s_j.  

Hence, we give            as powers-weights to                                 where 

  is a space of weights,  

then we get the following weighted matrix.   

                           

       [

                   

                   

 
      

 
      

 
 

 
      

]                                                                   

 

By employing the quantity          given in [2], we can approximate the common decisive power of 

alternative     . 

       ∑       

 

   

 

Thus, for a final optimal alternative     we choose this    that satisfies 

 

                                              
     

                                                                                           

For defining the effectiveness of medicines, each of the following terms determines a linguistic 

variable, named medicine effectiveness with respect to symptom {                almost none, 

     very little,      little,      rather little,      medium,      rather large,      large,       

very large,       almost complete,       complete}, with  all sets being defined in the interval 

Z=[0,100], as an index set for supports of     to    .  

Rakus-Andersson and Jogreus [4] introduced the membership function      for the fuzzy set. We 

summarize the representatives of effectiveness in the following table (Table 1).  
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Table 1- The representatives of medicine effectiveness with respect to symptoms 
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1 

To compare symptom   with symptom  , we can assign the values     and     to the pair        . Hence, 

for all                 

       
 

   
 

 If symptom   is more important than symptom    then     gets consigned with one of the numbers 

        or    due to the difference of importance being equal, weak, strong, demonstrated, or 

absolute, respectively. While, if symptom   is more important than symptom    then we will assign the 

value of    . Hence, we construct a     square matrix               
  . The weights  

              are decided as components of the eigenvector corresponding to the largest in 

magnitude eigenvalue of the matrix; for more details see [4]. 

For total effectiveness, we solve the MCDM problem by using the  -sugeno measure and the Choquet 

integral for the medicines ranking.  

Case study  
In this section, we will study the case of rheumatoid arthritis disease. The clinical data, with respect 

the medical diagnosis, treatment, and symptoms of  rheumatoid arthritis,  were collected from Al 

Kindy Teaching Hospital, Baghdad, Iraq.  

We take the most substantial symptoms, which include   =”joints pain” ,    "swollen joints", 

   ”joints stiffness” ,    ”fatigue” ,    ”fever” ,    ”loss of weight” ,    "rheumatoid nodules 

under the skin”.  

The drugs recommended for improving the patient’s state are     non-steroidal anti-inflammatory 

drugs (NSAI  ),    corticoids,    cyclo oxygenize,      disease-modifying anti-rheumatic drugs 

(BMAR  ), and     iological factors. The relationship between the medicine action and the retreat 

of symptoms is shown in Table 2. 

 

Table 2- The relationship between the drugs action and the retreat of symptoms 
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       Next, we note that the physical status of a patient is subjectively better if the symptom    ”joints 
pain” disappears. The case is assigned to    "swollen joints",    ”joints stiffness” ,    ”fatigue” , 
   ”fever” ,    ”loss of weight” , and    "rheumatoid”. Thus, we construct the following matrix 
 , which represents the comparison of symptoms.  
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The largest eigenvalue of    is           and the corresponding eigenvector 

                                                       . Hence, the coordinates of   are the 

weights                         , and     . Therefore, we have the following single  -sugeno 

measures:    {  }        ,     {  }                        ,     {  }           
   {  }              {  })=0.0489,     {  }          

Using equation (2):      ∏ (       {  } ) 
 
     we obtain  

                                                            

                                 +1). 

 Thus, 

     {                                                       
                            } 
Since,           , we choose            only. 

If           , then we can calculate other  -Sugeno measure values from equation (3): 

 

   {        }     {  }     {         }      {  }     {         }  
Then,  
   {     }             {     }            {     }            
   {     }             {     }             {     }           
   {     }             {     }             {     }           
   {     }             {     }             {     }          
   {     }             {     }             {     }           
   {     }             {     }             {     }           
   {     }             {     }             {     }          
   {        }             {        }             {        }           
   {        }             {        }             {        }          
   {        }              {        }             {        }            
   {        }             {        }             {        }           
   {        }             {        }             {        }           
   {        }             {        }             {        }           
   {        }             {        }              {        }           
   {        }             {        }             {        }            
   {        }             {        }             {        }            
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   {        }             {        }             {        }           
   {        }             {        }             {        }          
   {        }             {        }             {           }           
   {           }             {           }             {           }            
   {           }             {           }             {           }          
   {           }             {           }             {           }          
   {           }             {           }             {           }          
   {           }             {           }             {           }          
   {           }             {           }             {           }          
   {           }             {           }             {           }           
   {           }             {           }             {           }          
   {           }             {           }             {           }          
   {           }             {           }             {           }           
   {           }             {           }             {           }          
   {           }             {              }             {              }          
   {              }             {              }          
    {                    }              {                   }          
   {                  }             {                  }           
   {                   }             {                    }          
   {                   }              {                   }          
    {                   }              {                   }          
   {                   }              {                   }          
   {                   }               {                   }          
   {                   }              {                   }          
   {                   }              {                       }          
   {                       }              {                       }          

   {                        }             {                        }               { }     
Now, we apply Choquet integral (Equation (4)) for the choice of an optimal drug for the rheumatoid 

arthritis disease. The Choquet integral of non-steroidal anti-inflammatory drug  (NSAI  )  is  

       ∫    

              {                               }  (           )     {             }   

                            {     }                   {  }  

                                           
 

           . 

Also, we can apply the Choquet integral on corticoid drug, as follows 

      ∫    

             {                            }    (           )    {               }   

                            {     }  

                               
 

          . 

Similarly, we can apply Choquet integral for other drugs. 

Results and Discussion 
The results of Choquet integrated values are shown in Table 3.  

 

Table 3-The results of Choquet integral in the drug ranking 

                             No.                                                           Choquet Integrated Values 

                      1        0.8    0.4   0.3   0.1   0.1    0.1   0.1                                     

                      2        0.8   0.8   0.3   0.3   0.1   0.1    0.1                                   

                      3        0.7    0.7  0.8   0.4   0.3   0.1    0.1                                   

                      4        0.8   0.7   0.7   0.8   0.8    0.7   0.3                                   
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                      5        0.8   0.9   0.8   0.7   0.8    0.7   0.6                                   

                               

      The interpretation of Choquet integral for the drug ranking confirms that the preference relation of 

the Decision Maker is                 . Therefore, the drug 5 is the optimal drug according 

to the ranking of drugs used to treat rheumatoid arthritis.                                      
Conclusions 

     In this paper, we applied multi-criteria decision making on the optimal drug for rheumatoid arthritis 

to provide realistic values in the process of selecting the most appropriate drug. The basis of the 

application is based on the decision of the effect of the drug on the medical symptoms of the disease. 

For total effectiveness, we solved multi-criteria decision making problem by using the λ-Sugeno 

measure and the Choquet integral, which confirmed the optimal drug ranking of rheumatoid arthritis. 
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