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ABSTRACT 

	The intuitionistic fuzzy set is a generalization of fuzzy set which can solve uncertainty much better. We can use similarity measure to know similarity degree between the information carried by intuitionistic fuzzy sets. This paper aims to present a new similarity measure between intuitionistic fuzzy sets based on transformations technique. In this paper, firstly we propose a weighted similarity measure between intuitionistic fuzzy sets which based on transformations intuitionistic fuzzy sets into the right-angled. By adding weight to a similarity measure is useful when we have some criteria that are more important than others in determining similarity. Finally, the proposed similarity measure is applied to medical diagnosis problems to demonstrate the usefulness of this study. 
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1. INTRODUCTION 

The level of similarity between two objects can be determined by a similarity measure. Some of the problems that can be solved using similarity measures are pattern recognition, machine learning, decision making, medical diagnosis, and image processing. The object of the problems can be assumed to be a fuzzy set, as in research conducted by Bustince et al (2006, 2007, 2008) and Lee et al (2009). The fuzzy set proposed by Zadeh was then generalized by Atanassov into an intuitionistic fuzzy set with degree of membership, degree of non-membership, and degree of hesitant. Along with the generalization of the sets, similarity measures were also developed in intuitionistic fuzzy sets. Several researchers have developed similarity measures of intuitionistic fuzzy sets. They are Li and Cheng (2002), Liang and Si (2003),  Mitchel (2003), Divya and Sridevi (2019) who developed the similarity measure and applied it to pattern recognition, Garg and Rani (2021) have constructed similarity measure by transformation technique. 
Basically, similarity measures can be developed based on the various concept, such as the similarity measure developed by Szmidt and Kackprzyk (2000, 2005) which uses Hamming distance and is applied in decision-making problems. In addition, Mitchel (2007) developed a similarity measure that had been developed by Dengfeng and Chuntian (2002), Garg and Rani (2021) developed a similarity measure that gave the best numerical results compared to several previous similarity measures and could overcome counterintuitive cases based on right triangle transformations and apply it to pattern recognition and clustering problems, and Huang et al (2024) use of the two most fuzzy sets, and the weighted average distance between intuitionistic fuzzy sets and the two most fuzzy sets is used to define the similarity measure.
The similarity measures assume that all criteria contribute equally to the similarity degree. There is no priority is given to any criteria. Sometimes, we want to calculate level of similarity by assigning different priority for some criteria. A weighted similarity measure is a way to calculate how similar two objects by assigning different importance (weights) to different components or features. This is useful when some criteria are more important than others in determining similarity. Garg (2017) developed a modified cosine similarity measure and a cosine weighted similarity measure and then applied them to decision making. Song et al (2014, 2019) also developed a similarity measure and a weighted similarity measure and applied them to pattern recognition. Because of Garg and Rani’s similarity measure (2021) had proven to provide better numerical results, so in this paper we construct a weighted similarity measure based on Garg and Rani’s similarity measure.
In real problems, similarity measures can also contribute in medical diagnosis. Hence, in this paper the proposed similarity measure is applied to medical diagnosis problems to demonstrate the usefulness of this study. 

2. PRELIMINARIES

In this part, we review again preliminary definitions for intuitionistic fuzzy sets that include similarity measure as basic theory.

Definition 2.1. (Atanassov, 1986) Given is nonempty and the universe set. A set  is intuitionistic fuzzy set of  is defined as 

with  is membership function and  is non- membership functions on . The other side,  are respectivelymembership degree and non-membership value of  in  where  belong interval  and 
Next,   as the hesitant degree for 

Furthermore, we define the following relations and operations between intuitionistic fuzzy sets 

Definition 2.2.  (Atanassov, 1986 ) Suppose  are intuitionistic fuzzy sets respectively with the universe set . The following relations and operations in intuitionistic fuzzy sets are
1.  if  and  for all 
2.  if   and   for all 
3.  
4.  
5. 

The similarity measure of intuitionistic fuzzy sets can uses concept of distance measure. The following definition of distance measure between two intuitionistic fuzzy sets.
Definition 2.3 (Szmidt and Kacprzyk, 2000). Given 𝐹 is a collection of intuitionistic fuzzy sets in 𝑋. Function 𝐷: 𝐹 × 𝐹 → [0,1] will be a distance measure if it fullfill conditions:
1. 0 ≤ 𝐷(𝐴, B) ≤ 1
2. 𝐷(𝐴, B) = 0 if and only if 𝐴 = B.
3. 𝐷(𝐴, B) = 𝐷(B, 𝐴)
4. If 𝐴 ⊆ B ⊆ 𝐶, then 𝐷(𝐴, B) ≤ 𝐷(𝐴, 𝐶), and 𝐷(𝐵, 𝐶) ≤ 𝐷(𝐴, 𝐶).

Because of dual of distance measure is similarity measure, so we give definition of similarity measure between two intuitionistic fuzzy sets.
Definition 2.4. (Li and Cheng, 2002). Given 𝐹 is a collection of intuitionistic fuzzy sets.
The function 𝑆: 𝐹 × 𝐹 → [0,1] is said to be a measure of the similarity of two intuitionistic fuzzy sets if it satisfies:
1. 0 ≤ 𝑆(𝐴, B) ≤ 1
2. 𝑆(𝐴, B) = 1 if and only if 𝐴 = B.
3. 𝑆(𝐴, B) = 𝑆(B, 𝐴)
4. 𝐴 ⊆ B ⊆ 𝐶, then 𝑆(𝐴, B) ≥ 𝑆(𝐴, 𝐶), and 𝑆(𝐵, 𝐶) ≥ 𝑆(𝐴, 𝐶)

The new similarity measure in this article is extention of similarity measure which constructed by Garg and Rani(2021).  The similarity measure that proposed by Garg and Rani (2021) was


The similarity measure that proposed by Garg and Rani (2021) based on the following distance measure. 


3. results and discussion

3.1 New similarity measure that proposed

Let  and  be two intuitionistic fuzzy sets in  A new similarity measure which we propose is 


where  is weight of  and 

The following theorems describe that the new similarity measure satisfies axioms of similarity measure.

Theorem 3.1 :  satisfies the inequality 0 ≤  (𝐴, B) ≤ 1
Proof :
Because   and  so we have


Finally, 0 ≤  (𝐴, B) ≤ 1

Theorem 3.2 :  (𝐴, B) = 1 if and only if 𝐴 = B.
Proof :
We have  (𝐴, B) = 1, so


Then


Hence  and 
We conclude that 

 Finally we have  and 
So 𝐴 = B 
If 𝐴 = B so   and 
Then 




Theorem 3.3 :  
Proof :




Theorem 3.4 : satisfies if 𝐴 ⊆ B ⊆ 𝐶 then  (𝐴, B) ≥  (𝐴, 𝐶) and 
 (𝐵, 𝐶) ≥  (𝐴, 𝐶)

Proof :
Let  then  and .
Next,





Because   so  and .
Hence,  and . 
So 
Moreover, 





and

We have that 


So


Then


We want to proof that 









Because  so 
Then 



So, we finally have


or 

Furthermore, we can conclude that 


Theorem  3.5 :  is similarity measure.
Proof :
Based on Theorem 3.1 until 3.4, we can say that  is similarity measure.

2. Application of weighted similarity measures to medical diagnosis
In this section, we give an example to demonstrate the usefulness of the weighted similarity measure. In medical diagnosis, similarity measures are used to compare a patient's symptoms with known disease symptoms  to suggest likely diagnoses.
The following steps are used for medical diagnosis
Step 1: Determine the collective information about symptoms characteristic for the patients, symptoms characteristic for diseases.
Step 2: Determine weight of symptoms. 
Step 3: Compute the degree of weighted similarity measure by using proposed similarity measure.
Step 4: Rank the given alternative based on results that computed.

We want to make medical diagnosis for four patients. They are A, B, C, and D. They have same symptoms for viral fever dan typhoid. So, we want to know each patient’s disease. 
Let components that need to be measured, diagnosed or the symptoms caused by some of diseases. These are temperature, headache, stomach pain, cough, chest pain. The relationship between patient’s information and the collection of symptoms is contained in Table 1.
Table 1 Symptoms characteristic for the patients.
	
	Temperature
	Headache
	Stomach pain
	Cough
	Chest pain

	A
	
	
	
	
	

	B
	
	
	
	
	

	C
	
	
	
	
	

	D
	
	
	
	
	



Symptoms characteristic for the diagnoses in Table 2.
Table 2 Symptoms characteristic for the diagnosis
	
	Viral fever
	Thypoid

	Temperature
	
	

	Headache
	
	

	Stomach pain
	
	

	Cough
	
	

	Chest pain
	
	



Furthermore, the symptoms weight for each disease is contained in Table 3.





Table 3 Weight of symptoms
	
	Viral fever
	Thypoid

	Temperature
	
	

	Headache
	
	

	Stomach pain
	
	

	Cough
	
	

	Chest pain
	
	

	Temperature
	
	



For diagnosis patient, we calculate the similarity value between each patient and each diagnose. We calculate use the weight similarity measure that we constructe.
A higher similarity value suggests accurate diagnosis. The result of similarity value is contained in Table 4

Table 4 The results of weighted similarity measure
	
	Viral fever
	Thypoid

	A
	0,711
	0,668491

	B
	0,596
	0,680162

	C
	0,632
	0,637168

	D
	0,800
	0,71262



From Table 4, the largest similarity measure was selected, namely A is diagnosed with viral fever, B is diagnosed with typhoid, C is diagnosed with typhoid, and D is diagnosed with viral fever.

4. Conclusion

In this article, we construct a weighted similarity measure based on the triangle transformation similarity measure. We give proof obviously such that the new similarity measure satisfies properties similarity measure. In addition, we give an illustrate to demonstrate the usefulness of the constructed similarity measure. It can be used for medical diagnosis of diseases that have the same symptoms like viral fever and typhoid. Disease diagnosis is seen based on the similarity measurement value which is close to 1.
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