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Abstract---In a real-world computing environment, the information is 

not complete, precise, and certain, making it very difficult to derive an 

actual decision. Uncertainty is a factor that makes the decision-
making process more difficult in medical diagnosis. Everyone is 

different from the other at the physical level as well as mental level, 

symptoms of a disease expressed by patients are linguistic in nature 

and vary from person to person. That is why Decision making in 
medical diagnosis is becoming a vast research field in medical science. 

In medical diagnosis, generally, uncertainty (vagueness or 

imprecision) arises due to patients’ vague linguistic expression of their 
problems to medical experts. The field of medicine and decision-

making are the most fruitful and interesting areas of applications of 

fuzzy set theory. In the present paper, we study the importance of 
different fuzzy sets and fuzzy multi-criteria decision-making methods 

in the field of medical diagnosis. AMS Mathematics Classification: - 

03B52, 03E72 
 

Keywords---Medical diagnosis, Fuzzy Matrix, Fuzzy Sets, Fuzzy 

Decision- Making methods. 

 
 

1. Introduction 

 
A major task of medical science is to diagnose diseases. Hence medical diagnosis 

is the art of determining a person’s pathological conditions of the body, from all 

the available symptoms. In the medical field, dealing with diagnosis error and 
several levels of uncertainties and imprecision in the diagnoses of diseases had 
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been a great challenge [13]. The representation of the uncertain and imprecise 

knowledge of medical documentation gives rise to a fuzzy environment. 

 

The fuzzy set theory also plays a vital role in the field of Decision Making. There 
are varieties of models involving fuzzy matrices to deal with different complicated 

aspects of medical diagnosis. Sanchez formulated the diagnostic models involving 

fuzzy matrices representing the medical knowledge between symptoms and 
diseases [5, 6]. Esogbue and Elder [3] utilized fuzzy cluster analysis to model 

medical diagnostic. Meenakshi and Kaliraja [4] have extended Sanchez's approach 

for medical diagnosis using the representation of an interval-valued fuzzy matrix. 
They have also introduced the arithmetic mean matrix of an interval-valued fuzzy 

matrix and directly applied Sanchez's method of medical diagnosis to it. Baruah 

[7] used the definition of a complement of a fuzzy soft set proposed by Neog and 
Sut [11] and put forward a matrix representation of a fuzzy soft set and extended 

Sanchez's approach for medical diagnosis. Edward Samuel and Balamurugan [12] 

studied Sanchez's approach to medical diagnosis using an Intuitionistic fuzzy set. 

Multi-Criteria Decision-Making (MCDM)methods are a very powerful and useful 
tool for reliable decision-making in different fields of decision-making, especially 

in medical diagnosis. Among the contributions in the health care industry are in 

diagnosing certain diseases, comparing the efficiency of medical equipment, 
finding the best treatment technique for a particular disease, explanation of sets 

of medical discoveries and outcomes, and real-time observing of patient data [14]. 

There are several Fuzzy MCDM methods such as Fuzzy TOPSIS, AHP, 
PROMETHEE, etc, which are extensively used in medical diagnosis. In the present 

paper, we will study how different Fuzzy sets and Fuzzy MCDM methods have 

been applied in the medical field. 
 

 

2. Preliminaries 

 
Definition 2.1.  (Triangular fuzzy number matrix) [2] 

Triangular fuzz number matrix of order mxn is defined as A = (𝑎𝑖𝑗)𝑚𝑥𝑛  where 

𝑎𝑖𝑗= (𝑎𝑖𝑗𝐿,𝑎𝑖𝑗𝑀,𝑎𝑖𝑗𝑈) is the 𝑖𝑗𝑡ℎelement of A. 𝑎𝑖𝑗𝐿, 𝑎𝑖𝑗𝑈are the left and right spreads 

of 𝑎𝑖𝑗respectively and 𝑎𝑖𝑗𝑀is the mean value. 

 

Definition 2.2. (Addition and subtraction operation on triangular fuzzy number 
matrix) [2] 

Let A = (𝑎𝑖𝑗)𝑛𝑥𝑛 and B =( 𝑏𝑖𝑗)𝑛𝑥𝑛be two triangular fuzzy number matrices of same 

order. 
Then (i) Addition Operation 

A (+) B = (𝑎𝑖𝑗 + 𝑏𝑖𝑗)𝑛𝑥𝑛where 

              (𝑎𝑖𝑗+ 𝑏𝑖𝑗)= (𝑎𝑖𝑗𝐿+𝑏𝑖𝑗𝐿, 𝑎𝑖𝑗𝑀 +𝑏𝑖𝑗𝑀, 𝑎𝑖𝑗𝑈+𝑏𝑖𝑗𝑈) is the ijth element of A(+)B 

(ii) Subtraction Operation 

A (-) B =(𝑎𝑖𝑗 − 𝑏𝑖𝑗)𝑛𝑥𝑛 where𝑎𝑖𝑗 -𝑏𝑖𝑗 = (𝑎𝑖𝑗𝐿- 𝑏𝑖𝑗𝑈 , 𝑎𝑖𝑗𝑀 − 𝑏𝑖𝑗𝑀, 𝑎𝑖𝑗𝑈-𝑏𝑖𝑗𝐿) is the  𝑖𝑗𝑡ℎelement 

of A(-)B 
The same condition holds for triangular fuzzy membership number too. 

 

Definition 2.3 (Multiplication operation on triangular fuzzy number matrix) [2] 
Let A= (𝑎𝑖𝑗)𝑚𝑥𝑝 and B =(𝑏𝑖𝑗)𝑝𝑥𝑛 be two triangular fuzzy number matrices. Then the 
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Multiplication Operation: A (.)B =(𝑐𝑖𝑗)𝑚𝑥𝑛 , where (𝑐𝑖𝑗) = ∑ aik
𝑝
𝑘=1 𝑏𝑘𝑗 for i = 1, 2 .....,m 

and  j = 1,2,.....n. 

 
Definition 2.4. (Max-min composition on fuzzy membership value matrices) 

“Let 𝐹𝑚𝑛 denote the set of all mxn matrices over F. Elements of 𝐹𝑚𝑛are called as 
fuzzy membership value matrices. 

For A = (𝑎𝑖𝑗 ) ϵ 𝐹𝑚𝑥𝑝and B = (bij) ϵ 𝐹𝑝𝑥𝑛the max-min product A(.)B = (𝑠𝑢𝑝𝑘 [{inf{𝑎𝑖𝑘; 

𝑏𝑘𝑗}}]) ϵ 𝐹𝑚𝑥𝑛.” 

 

Definition 2.5. (Maximum operation on triangular fuzzy number) 
“Let A =(𝑎𝑖𝑗)𝑛𝑥𝑛 where 𝑎𝑖𝑗 = (𝑎𝑖𝑗𝐿 , 𝑎𝑖𝑗𝑀, 𝑎𝑖𝑗𝑈) and B =(𝑏𝑖𝑗)𝑛𝑥𝑛 where 𝑏𝑖𝑗= (𝑏𝑖𝑗𝐿, 𝑏𝑖𝑗𝑀 , 𝑏𝑖𝑗𝑈) 

be two triangular fuzzy number matrices of same order. Then the maximum 

operation on it is 
given by 𝐿𝑚𝑎𝑥= max(A, B) = (sup{ 𝑎𝑖𝑗 ; 𝑏𝑖𝑗) where sup{𝑎𝑖𝑗 , 𝑏𝑖𝑗 } = (sup(𝑎𝑖𝑗𝐿 ; 𝑏𝑖𝑗𝐿), 

sup(𝑎𝑖𝑗𝑀; , 𝑏𝑖𝑗𝑀) , sup(𝑎𝑖𝑗𝑈; 𝑏𝑖𝑗𝑈)) is the  𝑖𝑗𝑡ℎelement of max(A, B).” 

 

Definition 2.6 (Arithmetic mean (AM) for triangular fuzzy number) 

“Let A = (𝑎1, 𝑎2 , 𝑎3) be a triangular fuzzy number then AM (A) = 
𝑎1+𝑎2+𝑎3

3
 

The same condition holds for triangular fuzzy membership number.” 
 

Definition 2.7 (Type-1 Fuzzy Sets) 

“A fuzzy set whose membership values are itself a fuzzy set.” 
 

Definition 2.8 (Type-2 Fuzzy Sets) [8] 

A type 2 fuzzy set A ̂is a fuzzy set whose membership values are type 1 fuzzy sets 
on [0,1] and is expressed by the following set notation: 

𝐴̂={(𝑥, 𝜇𝐴(𝑥)/𝑥 ∈ 𝑋} where  𝜇𝐴 :X→F [0,1] 
 

Definition 2.9 ( Intuitionistic Fuzzy Sets) [30] 

Let a set E be fixed. An intuitionistic fuzzy set or IFS A in E is an object having 

the form A={(𝑥, 𝜇𝐴(𝑥), 𝑉𝐴(𝑥))/𝑥 ∈ 𝑋} where the functions 𝜇𝐴  : E → [0, 1] and 𝑉𝐴 : E → 
[0, 1] define the degree of membership and degree of non-membership respectively 

of the element x ∈E to the set A, which is a subset of E, and for every x ∈E 

0≤𝜇𝐴(𝑥)) +𝑉𝐴(𝑥)≤1. 

The amount 𝜋𝐴(x) =1 − (𝜇𝐴(𝑥) +𝑉𝐴(𝑥)) is called the hesitation part, which may cater 
to either membership value or non-membership value or both. 

 

3. Medical Diagnosis Under Fuzzy Environment 
3.1 An Application of Fuzzy Matrices in Medical Diagnosis [10] 

 

Let S be the set of symptoms of certain diseases, D is a set of diseases and P is a 
set of patients. The elements of triangular fuzzy number matrix are defined as A = 

(𝑎𝑖𝑗)
𝑚×𝑛

 

where (𝑎𝑖𝑗) =(𝑎𝑖𝑗𝐿 , 𝑎𝑖𝑗𝑀, 𝑎𝑖𝑗𝑈  ) is the 𝑖𝑗𝑡ℎ element of A, 0≤ 𝑎𝑖𝑗𝐿  ≤𝑎𝑖𝑗𝑀 ≤ 𝑎𝑖𝑗𝑈 ≤ 10. 

Here 𝑎𝑖𝑗𝐿  is the lower bound, 𝑎𝑖𝑗𝑀is the moderate value and 𝑎𝑖𝑗𝑈 is the upper 

bound. 
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Procedure 3.1.1 

Step 1: Construct a triangular fuzzy number matrix (F, D) over S, where F is a 

mapping given by F: D → 𝐹̂(S), 𝐹̂(𝑆) is a set of all triangular fuzzy sets of S. This 

matrix is denoted by 𝑅0which is the fuzzy occurrence matrix or symptom-disease 
triangular fuzzy number matrix. 

Step 2: Construct another triangular fuzzy number matrix (𝐹1, S) over P, where 

 𝐹1is a mapping given by 𝐹1: S → F (P). This matrix is denoted by 𝑅𝑠which is the 
patient -symptom triangular fuzzy number matrix. 
Step: Convert the elements of triangular fuzzy number matrix into its 

membership function as follows: Membership function of (𝑎𝑖𝑗) =  (𝑎𝑖𝑗𝐿 , 𝑎𝑖𝑗𝑀, 𝑎𝑖𝑗𝑈) is 

defined as
ijL ijM ijU

aij

a a a
, ,

10 10 10

 
   

 
 if 0 ≤  aijL  ≤ aijM ≤ aijU  ≤ 10 

Where  UijijL ijM
aa a

0 1
10 10 10

     

Now the matrix R0 and Rs are converted into triangular fuzzy membership 
matrices namely (Ro)mem and (Rs)mem. 

Step 4: compute the following relation matrices. 

R1= (Rs)mem (.) (Ro)mem it is calculated using Definition 2.4 
R2 = (Rs)mem (.) (J (-) (R0)mem), where J is the triangular fuzzy membership matrix in 

which all the entries are (1,1,1). (J(-) (Ro)mem) is the complement of (Ro) mem  and it 

is called as non -symptom -disease triangular fuzzy membership matrix. 

𝑅3= (J(-)((Rs)mem )(.)(R0)mem, where (J(-)(𝑅𝑠)mem) is the complement of 𝑅𝑠 and it is 
called as non patient-symptom triangular fuzzy membership matrix. R2 and R3 
are calculated using subtraction operation and Definition 2.4 

𝑅4= max{𝑅2;𝑅3 }. It is calculated using Definition 2.5 
The elements of 𝑅1, 𝑅2, 𝑅3, 𝑅4 is of the form 𝑦𝑖𝑗 = (𝑦𝑖𝑗𝐿,𝑦𝑖𝑗𝑀,𝑦𝑖𝑗𝑈) 

where 0 ≤ 𝑦𝑖𝑗𝐿≤𝑦𝑖𝑗𝑀 ≤ 𝑦𝑖𝑗𝑈≤ 1. 

R5 = R1 (-) R4. It is calculated using subtraction operation. The elements of R5 is of 

the form Zij = (ZijL, ZijM, ZijU)  [-1,1] where ZijL  ≤ ZijM ≤ Z ijU. 

Step 5: Calculate R6 = AM (zij) and Row'i= Maximum of ith row which helps the 
decision maker to strongly confirm the disease for the patient. 

 

3.2 Application of Type -2 Fuzzy Set Theory in Medical Diagnosis [8] 
The theory of type-2 fuzzy sets is an intuitive and computationally feasible in 

addressing uncertain and imprecise information in decision making by extending 

the Sanchez’s approach. The following was the proposed algorithm: 

Step 1: Introduce type-2 fuzzy relation (type-2 fuzzy matrix), 𝐴̂ to model the 

uncertainties of the state of the patient. 

Step 2: Obtain the physician medical knowledge in the form of type-2 fuzzy 

relation 𝑅̂ which shows the association between symptoms and diseases. 
Step 3: Use an appropriate compositional rule to infer the association between 

patients and diseases. 

Step 4: An appropriate defuzzification method is used to make diagnostic 
decision. 
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3.3 Application of Intuitionistic Fuzzy Sets in Medical Diagnosis [1, 9] 

 
Intuitionistic fuzzy sets as a generalization of fuzzy sets can be useful in 

situations when description of a problem by a (fuzzy) linguistic variable, given in 

terms of a membership function only, seems too rough. For example, in decision 
making problems, particularly in the case of medical diagnosis there is a fair 

chance of the existence of a non-null hesitation part at each moment of 

evaluation of an unknown object. To be more precise - intuitionistic fuzzy sets let 

us express for e.g., the fact that the temperature of a patient changes, and other 
symptoms are not quite clear, Intuitionistic fuzzy sets can be used as a tool for 

reasoning in the presence of imperfect facts and imprecise knowledge. 

 
Analogous to Sanchez’s notion of “Medical Knowledge” “Intuitionistic Medical 

Knowledge” as an intuitionistic fuzzy relation R from the set of symptoms S to the 

set of diagnoses D (i.e., on S × D) had been defined which reveals the degree of 
association and the degree of non-association between symptoms and diagnosis. 

The methodology involves mainly the following three jobs: 1. Determination of 

symptoms. 2. Formulation of medical knowledge based on intuitionistic fuzzy 
relations. 3. Determination of diagnosis on the basis of composition of 

intuitionistic fuzzy relations. Let A be an IFS of the set S; and R be an IFR from S. 

Let A be an IFS of the set S; and R be an IFR from S to D. Then max–min–max 

composition  [14] B of IFS A with the IFR R(S → D) denoted by B = A◦R signifies 
the state of the patient in terms of diagnosis as an IFS B of D with the 

membership function given by 

𝜇𝐵(d)= [𝑠∈𝑆
∪ 𝜇𝐴(s)∩  𝜇𝑅(s, d)] and the non-membership function is given by 

𝑉𝐵(d)= [𝑠∈𝑆
∩ 𝑉𝐴(s)∩  𝑉𝑅(s, d)]   for all d∈D (∪= 𝑚𝑎𝑥,∩= 𝑚𝑖𝑛) 

If the state of a given patient P is described in terms of an IFS A of S; then P is 
assumed to be assigned diagnosis in terms of IFS B of D, through an IFR R of 

“Intuitionistic Medical Knowledge” from S to D which is assumed to be given by a 

doctor who is able to translate his own perception of the intuitionism involved in 
degrees of association and non-association respectively between symptoms and 

diagnosis. 

 

3.4 Application of Fuzzy Soft Sets in Medical Diagnosis [11, 12] 
 

A matrix representation of fuzzy soft set had been introduced and extended by 

Sanchez known as  Sanchez’s approach for medical diagnosis using the notion of 
fuzzy soft complement. The proposed algorithm was as follows:- 

Algorithm:- 

1. Input the fuzzy soft set (F, D) and compute (𝐹, 𝐷)𝑐 .Compute the corresponding 

matrices     𝑅1and 𝑅2 

2. Input the fuzzy soft set (𝐹1, S) and compute (𝐹1, 𝑆)𝑐 . Compute the corresponding 

matrices 𝑄1 and 𝑄2  

3. Compute 𝑇1 = 𝑄1 − 𝑅1, 𝑇2 = 𝑄1 − 𝑅2, 𝑇3 = 𝑄2 − 𝑅1, 𝑇4 = 𝑄2 − 𝑅2 

4. Compute the corresponding membership value matrices MV(𝑇1),MV(𝑇2), 
MV(𝑇3),MV(𝑇4) 

5. Compute the diagnosis scores   𝑆𝑇1, 𝑆𝑇2 etc. 

6. Find 𝑆𝑘= (𝑆𝑇1𝑗
𝑚𝑎𝑥 (𝑝𝑖 , 𝑑𝑗) − 𝑆𝑇2

(𝑝𝑖, 𝑑𝑗)) We conclude that the patient 𝑝𝑖is suffering 

from the disease 𝑑𝑘. 

7. If 𝑆𝑘has more than one value, then go to step (1) and repeat the process by 
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reassessing the symptoms for the patient. 

 

4 Decision Making Methods In Medical Diagnosis 

 
This study mainly focuses on some of the application of decision- making 

methods such as Fuzzy TOPSIS, AHP, PROMETHEE etc. in medical diagnosis. 

 
4.1 TOPSIS Method 

 

In 2020 Khalid Naeem proposed a mathematical analysis of viral hepatitis types 
using Pythagorean fuzzy soft sets (PFSSs) via TOPSIS (Technique for Order of 

Preference by Similarity to Ideal Solution), VIKOR (Vise Kriterijumska 

Optimizacija Kompromisno Resenje) and generalized aggregation operator models 
and showed that both the techniques render the same optimal choice [15]. Later 

Naime Demirtas calculated an artificial neural network related to the consistency 

of convergence coefficients by the Fuzzy TOPSIS method and understood the 

accuracy of the results.[16].Aswini Kodipalli conducted a  study based on Fuzzy 
TOPSIS method to detect and diagnose the likelihood of having PCOS and its 

associated mental health problems. Since the clinical and psychological data 

pertaining to PCOS varies from woman to woman and involves inherent 
uncertainty, imprecision, and ambiguity, the traditional machine learning 

algorithms will not model the system under consideration.[17] Priyanka 

Majumder and Piyali Biswas introduced a new TOPSIS approach named TOPSIS -
1 to identify the most significant risk factor and continuous monitoring of death 

of covid-19 where they had computed the separation measures, using the m 

dimensional supremum distance instead of Euclidean distance[18]. Intuitionistic 
fuzzy TOPSIS method was proposed by Kiran Pal, V. Kumar and H. D. Arora for 

decision making by utilizing entropy weight to diagonise vector borne diseases 

such as chikungunya, dengue, and malaria etc [19].Apart from diagnosis Fuzzy 

TOPSIS method had been applied in selecting medical imaging devices as it  was a 
challenging problem for both budget planning and medical decision making. 

Ismail Burak Parlak proposed a new methodology for the selection of medical 

devices using interval type-2 fuzzy sets combined with Wu and Mendel’s centroid 
ranking method.[20]. Rana Muhammad Zulqarnain1developed a model for 

TOPSIS to select better hospitals or medical clinics in a country.[21]. 

 
4.2 Analytic Hierarchy Process [AHP] 

 

AHP is a method for making alternative decision sequences and selecting the best 
alternative when decision makers with multiple objectives or criteria to make 

certain decisions. Gülçin Büyüközkan in a study combined Fuzzy AHP and 

TOPSIS to do the strategic analysis of electronic service quality in health care 

industry where the author had used AHP to compute the criteria weights and 
continued with Fuzzy TOPSIS methodology [22]. Muhammad Muslihudin had 

analyzed layer chicken disease using Fuzzy AHP. Diagnosis of poultry disease 

with certainty factor method that attacks poultry (chicken) was very helpful to the 
poultry farmers in anticipating the symptoms of treatment for a fast, precise and 

efficient [23] Farnaz Sabahi proposed a new FAHP, bimodal fuzzy analytic 

hierarchy process (BFAHP) that augmented two aspects of knowledge, probability 
and validity, to fuzzy numbers to better deal with uncertainty. In BFAHP, fuzzy 
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validity was computed by aggregating the validities of relevant risk factors based 

on expert knowledge and collective intelligence. By considering both soft and 
statistical data, compute the fuzzy probability of risk factors using the Bayesian 

formulation. In BFAHP approach, these fuzzy validities and fuzzy probabilities 

were used to construct a reciprocal comparison matrix. Then aggregate fuzzy 
probabilities and fuzzy validities in a pairwise manner for each risk factor and 

each alternative. BFAHP decides about being affected and not being affected by 

ranking of high and low risks. For evaluation, the proposed approach had applied 

to the risk of being affected by coronary heart disease using a real data set of 152 
patients of Iranian hospitals.[24]. Arati Mohapatro had put forward a decision 

support system (DSS) which would come to the aid of detection of Dengue fever by 

carrying out an analysis of AHP and fuzzy AHP (FAHP) methodology. The data of 
confirmed Dengue as diagnosed by a physician was picked up, examined 

independently using AHP and FAHP approach, and the results obtained were then 

compared with the diagnosis report of an expert doctor. The outcome indicated 
that expert systems could be leveraged for the diagnosis of Dengue and could be a 

useful tool for non-expert physicians.[25]. Phi-Hung Nguyenin in a study to 

provide an innovative new approach employing quantitative and qualitative 
techniques to understand individuals’ vaccination intention during the global 

pandemic of COVID -19 proposed a novel three-staged approach combining 

Spherical Fuzzy Analytic Hierarchy Process (SF-AHP), Partial Least Squares-

Structural Equation Model (PLS-SEM), and Artificial Neural Network (ANN)[26]. 
Fuzzy Analytic Hierarchy process had been used to prioritize factors of breast 

cancer treatment alternatives [Hatice Camgöz-Akdağ] [27] 

 
4.3 Fuzzy PROMETHEE Method 

 

Fuzzy PROMETHEE (Preference Ranking Organization Method for Enrichment of 
Evaluations), a multi-criteria decision-making process was used by Dilber Uzun 

Ozsahin to evaluate breast cancer treatment techniques on factors that include 

side effects, overall survival rate, cost of treatment and treatment time [28]. The 
author had employed Fuzzy PROMETHEE method in order to solve the decision 

making problems in nuclear imaging. In another study by Mordecai Maisaini this 

method was used to analyze the therapeutic techniques based on factors such as 

radiation dose, cost of treatment, treatment time, chances of survival, side effects 
and cost of the method for the hospital. Evaluation results showed that the 

surgery among other techniques showed a great performance on lung cancer 

treatment based on the criteria, importance, and weight they had selected. Fuzzy 
PROMETHEE also shows that one can easily modify the method by adding more 

criteria and change their importance and weights depending on the specific 

application. Recently, Fuzzy PROMETHEE technique was used to develop a new 
path for cancer treatment based on nanoparticles (NPs) applications, used in 

controlled anticancer drug delivery (drug release, toxicity, and unspecific site 

targeting) to enhance patient safety [29]. 
 

5. Conclusion 

 
This paper provides several applications of fuzzy decision- making methods in 

medical diagnosis. Based on this study, future developments of fuzzy decision -

making in medicine and healthcare can be forecast. As such, it appears to be 
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eminently suited to aspects of medical decision making. Furthermore the 

principles behind fuzzy decision making are straightforward and is relatively easy. 
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