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Abstract: Cancer is a disease that is rapidly expanding in prevalence all over the world. Cancer cells can metastasize, or spread, across the body and impact several different cell types. Additionally, the incidence rates of several subtypes of cancer have been on the rise in India. The countermeasures for the cancer disease can be taken by determining the specific expansion rate of each type. To rank the various forms of cancer’s rate of progression, we used some of the available data. Numerous studies are available in the literature which show the growth rate of cancer by different techniques. The accuracy of the scheme in determining the highest growth rate may vary due to the variation in the dependent factors. Within the context of this research, the Fuzzy triangular technique for order preference by similarity to ideal solution (TOPSIS), is utilized to rank the various categorizations of cancer with the help of four groups of medical professionals acting in the capacity of decision-makers. The number of decision-makers may variate according to the required accuracy of results. The findings of the three-dimensional Fuzzy TOPSIS analysis categorize each variety of cancer according to the rate at which it spreads over time. Numerical results along with visual representation are presented to examine the efficiency of our proposed work.
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1  Introduction

Cancer is a class of diseases portrayed by erratic cell growth and the ability to infect and disperse several other tissues and organs. Electronic medical records (EMRs) have been adopted into healthcare communities to help with decision-making and to make finding medical solutions easier. Cancer treatment is also not well-served by Indian health services, which lack the required facilities and skills. Tobacco use is associated with a high rate of mortality and morbidity. Considering national priorities, cancer research has focused on etiology, including the detection of preventable risk factors, understanding the function of cancer progression, and operational research to reduce tobacco usage and common cancers using current infrastructures. Clinical, epidemiological, and basic science research, including advanced molecular techniques, were all part of the multidisciplinary study. Cancer registries aided in determining the extent and patterns of cancer incidence, as well as planning prevention and control activities. The programs of the task force listed above aided in addressing national goals. Supporting projects submitted by individual scientists, which covered virtually all specialties related to cancer and various locations in the body, were also given high priority.

1.1 Literature Review

Numerous studies have been conducted on the accuracy of online health-related information [1–3]. Most of this research suggested assessment criteria and frameworks for assessing the quality of knowledge [4–7]. The rate of increase in cancer patients can be determined by using some Multi-criteria decision-making (MCDM) technique [8–10]. Many applications of TOPSIS in medical and engineering are implemented by researchers [11–13]. In recent years, MCDM has become one of the extensively utilized methods for decision-making [14–17]. In [18] author presents the MCDM methodology for the supplier selection problem. Evaluation of cost-based supplier performance has been proposed by Monezka et al. [19]. Choi et al. [20] offered to manufacture delivery performance for supply chain management by MCDM. The Fuzzy theory is also widely utilized in decision-making approaches [21–24]. The idea of the Fuzzy set was initialized by Zadeh [25] in 1986. Afterward, the concept of Fuzzy MCDM was first suggested by Bellman et al. [26] in 1987. In Ref. [27] authors presented Fuzzy MCDM techniques. Wang [28] utilized Fuzzy MCDM in the supplier selection. Chu [29] offered the application of Fuzzy TOPSIS in selecting plant location. The authors in Ref. [30] suggested a different decision-making system depending on the interval-valued Fuzzy soft Matrix. Chen [31] described inclusion-based Fuzzy TOPSIS for MCDM. In Ref. [32] authors suggested a Fuzzy TOPSIS extension for decision-making problems. The authors in Ref. [33] offered a Fuzzy-MOORA technique for the selection of ERP systems. K. In Ref. [34] authors perform architect selection by using the integrated Fuzzy MCDM model. Lee [35] suggested a two-phase Fuzzy technique for evaluating service policies in a logistic approach.

1.2 Research Contribution

There exist numerous purposes of Fuzzy TOPSIS in literature for decision-making problems [33–36]. The main contributions of this research are:

1.    To assess the quality of online various cancer information in India using an MCDM technique in a fuzzy context, namely triangular fuzzy TOPSIS.

2.    The cancer data is accumulated from the Indian Council of Medical Research (ICMR) [9].

3.    The fuzzy triangular TOPSIS is applied to lungs, stomach, breast, oral, and melanoma cancer data for the year 2010 to 2015.

4.    To select the best possible selection of optimum causes of cancer based on a given data set by using expert scores.

5.    Since the experts’ options are not based on the binary operation which is based on possibly two options. The utilization of fuzzy set ideas widens opinion criteria for experts other than binary selection.

The remaining data is designed as follows: Section 2 offers some elementary preliminaries; Collected cancer data from ICMR is listed in Section 3; Fuzzy TOPSIS scheme is described in Section 4; In Section 5 we have implemented Fuzzy TOPSIS in the ranking of cancer data; Finally, the conclusion is drawn.

2  Some Basic Preliminaries

This section presents some basic theories associated with the Fuzzy set theory, which are the key components for understanding the Fuzzy TOPSIS.

2.1 Fuzzy Set

A Fuzzy set F∼ over a universal set U in which each element of universal is mapped to the set of real numbers in [0,1] by a membership function ηF∼(u). Mathematically, it can be denoted by:

ηF∼(u):u→[0,1].(1)

2.2 Fuzzy Triangular Number

The Fuzzy triangular number can be symbolized by the triplet F∼=(f1,f2,f3). The representation of triangular Fuzzy numbers is inferred as membership functions that satisfy the subsequent requirements in Fig. 1:
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Figure 1: Triangular fuzzy number F∼=(f1,f2,f3)

1.    f1 to f2 is increasing function.

2.    f2 to f3 is decreasing function.

3.    f1≤f2≤f3.

The Fuzzy membership function is defined by:

ηF∼(u)={0foru<f1,u−f1f2−f1forf1≤u≤f2,f3−uf3−f2forf2≤u≤f3,0foru>f3.(2)

2.3 Equivalent Fuzzy Numbers

Consider F∼=(f1,f2,f3) and G∼=(g1,g2,g3) be two Fuzzy triangular numbers, these numbers are said to be equivalent if and only if f1=g1, f2=g2 and f3=g3.

2.4 Positive and Negative Fuzzy Numbers

A Fuzzy triangular number F∼=(f1,f2,f3) is said to be positive if all fi>0 for 1≤i≤3, and negative is all fi<0 for 1≤i≤3.

2.5 Operation of Fuzzy Numbers [11]

Consider F∼=(f1,f2,f3) and G∼=(g1,g2,g3) be two Fuzzy triangular numbers, the following four operations can be performed by:

a) Addition: F∼+G∼=(f1+g1,f2+g2,f3+g3).

b) Subtraction: F∼−G∼=(f1−g1,f2−g2,f3−g3).

c) Multiplication: F∼×G∼=(min(f1g1,f1g3,f3g1,f3g3),f2g2,max(f1g1,f1g3,f3g1,f3g3)).

d) Division: F∼/G∼=(min(f1/g1,f1/g3,f3/g1,f3/g3),f2/g2,max(f1/g1,f1/g3,f3/g1,f3/g3)).

3  Collected Cancer Data From ICMR

Cancer is a disease of inheritable factors. The smallest part of DNA is named genes which are the genius molecules of the cell gene that produce a protein that works as an alternative to the workhorse of cells. Through the existing health infrastructure in different countries, an operation is proposed to control the cancer disease in multidisciplinary approaches [9]. In this segment, we have shown cancer data from India from the year 2010 to 2015 collected from the Indian Council of Medical Research (ICMR) [9]. The number of patients with lung, stomach, breast, oral, and melanoma cancer from the years 2010 to 2015 is demonstrated in Tab. 1.
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The bar chart illustration of cancer data for the years 2010 to 2012 is depicted in Fig. 2.
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Figure 2: Bar chart representation of cancer data

4  Fuzzy TOPSIS Approach

TOPSIS was initially familiarized by Hwang et al. in 1981 [10]. This technique ranks all the possible choices created on the measurement of similarities to the ideal results. The objective of this technique is to determine the top possible option which has the nearest distance from the ideal result. In this segment, we have presented the mathematical structure of the TOPSIS method by using Fuzzy triangular sets.

TOPSIS Method by Fuzzy Triangular Sets

The TOPSIS method by using the Fuzzy triangular sets is defined by the subsequent steps:

Step 1: The first step is to describe the set of alternatives A, parameters P, and decision-makers DM by

A={A1,A2,…,Aa},(3)

P={P1,P2,…,Pb},(4)

DM={DM1,DM2,…,DMk}.(5)

Step 2: The second step is the construction of triangular Fuzzy linguistics to a numeric scale. We have constructed a linguistic to numeric scale for the ratings of the attributes which is depicted in Tab. 2. The rating is assigned corresponding to the decision-makers. Suppose the number of decision-makers is K, then the rating attribute can be determined by
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AabK=1K[Aab1+Aab2+…+AabK],(6)

AabK denotes the rating of a attributes according to the b parameters and K decision-makers.

Step 3: Now the triangular Fuzzy decision matrix (TFDM) is constructed centered on the attribute rating obtained in the previous step as follows:

TFDM=[A11A12⋯A1bA21A22⋯A2b⋮⋮⋱⋮Aa1Aa2⋯Aab],(7)

where Aab denotes the attribute, rating determined in the previous step.

Step 4: Next step is assigning weight to each alternative. The sample weight assigning is defined in Tab. 3.
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Step 5: The subsequent step is the multiplication of weight vectors with the TFDM and the attained matrix can be written as:

Weighted_TFDM=Bab=[B11B12⋯B1bB21B22⋯B2b⋮⋮⋱⋮Ba1Ba2⋯Bab],(8)

where Bab=Aab×ψa.

Step 6: Positive ideal result B+ and the negative ideal result B− are selected from the weighted TFDM by getting the maximum and minimum fuzzy triangular numbers from each column, respectively.

Bb+=[max(B11,B21,…,Ba1),…,max(B1b,B2b,…,Bab)],(9)

Bb−=[min(B11,B21,…,Ba1),…,min(B1b,B2b,…,Bab)].(10)

Step 7: The distance between the ideal positive result and the ideal negative result with all other elements of the WTFDM is computed by utilizing the vertex technique. The distance between two Fuzzy triangular numbers f=(f1,f2,f3) and g=(g1,g2,g3) can be determined by:

d(f,g)=(f1−g1)2+(f2−g2)2+(f3−g3)23(11)

The positive and negative distance is summed up to get d+ and d− by:

db+=∑bd(Bab,Bb+),(12)

db−=∑bd(Bab,Bb−).(13)

Step 8: The closeness coefficients CCb can be obtained by using db+ and db− in the mathematical expression:

CCb=db−db++db−,(14)

Step 9: The last step is ranking the alternatives by the assessments of closeness coefficients. The largest assessment of the closeness coefficient ranks as the best alternative of the preference order and the smallest value is ranked as the worst alternative.

5  Application of Fuzzy TOPSIS in the Cancer Data Ranking

In this segment, we have implemented triangular Fuzzy TOPSIS in the ranking of cancer data. All possible alternatives to the problem are various cancer diseases and the year of each disease act as the parameter of the problem. The measures of Fuzzy TOPSIS in cancer ranking are defined by:

Step 1: The first step is defining the problem. Cancer of lungs, stomach, breast, oral, and melanoma are named as C1, C2, C3, C4, and C5 for Fuzzy TOPSIS method. The years 2010, 2012, 2013, 2014, and 2015 are named as Y1, Y2, Y3, Y4, and Y5. The input data of the Fuzzy TOPSIS structure is displayed in Tab. 4.
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Step 2: The next step is the formation of a team of four decision-makers which are considered here as teams of four medical experts to analyze the situation of increase in cancer data. The linguistic terms are assigned to each cancer data and converted into numeric data by using the Fuzzy scale defined in Tab. 2. The average Fuzzy attribute ratings are calculated by using Eq. (6) with the number of decision-makers K is taken as four and the outcomes are depicted in Tab. 5.
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Step 3: The average rating of alternatives concerning the decision of each medical expert team results in the form of a triangular Fuzzy decision matrix (TFDM) and is stated in Tab. 6.

[image: images]

Step 4: The next step is the construction of weight vectors according to the Fuzzy scale illustrated in Tab. 3. The weights are assigned according to the rate of patient increase in each cancer disease. The weight assigned to each disease is defined in Tab. 7.
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Step 5: The next step is the multiplication of a triangular Fuzzy decision matrix with Fuzzy weight vectors assigned against each alternative as shown in Eq. (8). The attained weighted triangular Fuzzy decision matrix (WTFDM) is listed in Tab. 8.
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Step 6: The ideal positive results and ideal negative results are obtained from the weighted triangular Fuzzy decision matrix (WTFDM) and outcomes are exhibited in Eqs. (15) and (16).

Bb+=[(0.16,0.26,0.38),(0.28,0.40,0.54),(0.35,0.47,0.62),(0.35,0.47,0.62),(0.45,0.60,0.76)](15)

Bb−=[(0.02,0.05,0.11),(0.03,0.08,0.14),(0.05,0.12,0.21),(0.04,0.10,0.18),(0.06,0.13,0.23)](16)

Step 7: The distance of positive ideal results from all possible alternatives is determined by using Eqs. (11) and (12). The obtained positive distance is demonstrated in Tab. 9.
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The distance between the negative ideal solution and all the. possible alternatives are computed by using Eqs. (11) and (13). The attained negative distance is listed in Tab. 10.
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Step 8: The next step is the estimation of the closeness coefficient (CC) by using the positive and negative solutions as depicted in Eq. (14). The calculated results are presented in Tab. 11.
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Step 9: The last step is the ranking of alternatives by the values of the closeness coefficient. The largest assessment of the closeness coefficient increases the ranking values as the best option and vice versa. In this data on Cancer, the disease C1 is ranked as the highly increasing disease, which is the lungs, Cancer. Tab. 11 shows the results of raking by using triangular Fuzzy TOPSIS.

The bar chart illustration of the relative closeness of each solution with ideal results for all possible diseases is depicted in Fig. 3. The depicted results indicate that lung cancer is the highest growing disease among all others.

[image: images]

Figure 3: Bar chart representation of closeness coefficient of each disease

6  Conclusion and Future Recommendations

This study used triangular Fuzzy TOPSIS by using linguistic variables to evaluate the data on cancer in India from the years 2010 to 2015. The Fuzzy TOPSIS aids expert decision-makers as a team of medical experts in terms of subjectivity and ambiguity. The ranking by triangular Fuzzy TOSPSIS indicates that lung cancer is the most growing disease among all other types of cancers. Therefore, we can conclude that triangular Fuzzy TOPSIS can be effectively employed for the ranking of cancer data. The fuzzy-based MCDM provides accurate results with a complex implementation structure. In our future work, the fuzzy theory-based MCDM approaches can be utilized in other medical field data. The growth rate of other diseases can also be determined by using fuzzy MCDM. The fuzzy MCDM can also be utilized for the ranking of medical image encryption algorithms in the Internet of Things (IoT) and cryptography.
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Table 1: Cancer data for the years 2010 to 2012
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Table 6: Triangular Fuzzy decision matrix
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Table 4: Cancer data for triangular Fuzzy TOPSIS

Choices Y, Y, Y; Y, Y

C 23456 32145 76523 76500 78213
G, 19500 21134 56789 67543 67821
G, 15678 43212 32145 54321 65437
C, 17890 23415 65432 21345 43521

Cs 19890 21321 70342 26543 34567
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Table 9: Positive distance

Alternatives Y, Y, Y, Y, Y,

C 0 0.000621 0 0 0

G 0.022728 0.055261 0.06323 0.049297 0.000933

G, 0.007605 0 0.009933 0.000155 0.000621

C, 0.018411 0.046652 0.049297 0.070897 0.109746
0.040736 0.071513

Cs 0.010622 0.032711 0.01173
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Table 7: Weight assigned against every alternative

Alternatives Weight

C (0.6, 0.7, 0.8)
G, (0.1,0.2,0.3)
C; (0.6, 0.7, 0.8)
C, (0.1,0.2,0.3)

C; (0.3,0.4,0.5)
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Table 2: The linguistic to numerical scale for attribute rating

Linguistic variable Attribute rating
Very less (VL) (0.0, 0.1, 0.2)
Less (L) (0.2,0.3,0.4)
Moderate less (ML) (0.3,0.4,0.5)
Moderate (M) (0.4, 0.5,0.6)
Moderate increased (MI) (0.5, 0.6, 0.7)
Increased (H) (0.6, 0.7, 0.8)

Highly increased (HI) (0.8,0.9,1.0)
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Table 10: Negative distance

Alternatives Y, Y, Y, Y, Y,

C 0.022728125 0.044186 0.06323 0.070896875 0.109746
G 0 0 0 0.0021 0.000933
C 0.004214583 0.055261 0.023047 0.064420833 0.093858
C, 0.000233333 0.000376 0.000933 0 0

Cs 0.00228125  0.002946 0.020533 0.004152083  0.004083
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Table 5: Alternatives ratings according to decision-makers

Alternative Year DM-1 DM-2 DM-3 DM-4 Average attribute
rating
C Y L ML M L (0.27,0.37,0.47)
Y, ML M MI M (0.42, 0.50, 0.60)
Y, I HI HI I (0.70, 0.80, 0.90)
Y, ML M MI M (0.40, 0.50, 0.60)
Ys MI I I MI (0.55,0.65, 0.75)
G, Y VL L ML L (0.17,0.27,0.37)
Y, L ML ML ML (0.27,0.37,0.47)
Y, MI M H MI (0.50, 0.60, 0.70)
Y, HI I HI \Y (0.70, 0.80, 0.90)
Ys HI I HI HI (0.75, 0.85, 0.95)
G, Y L L ML ML (0.20, 0.30, 0.40)
Y, ML L ML ML (0.27,0.37,0.47)
Y, HI I I HI (0.70, 0.80, 0.90)
Y, M ML M M (0.37,0.47,0.57)
Ys MI M MI M (0.45, 0.55, 0.65)
C, Y, VL L VL L (0.10, 0.20, 0.30)
Y, MI M MI MI (0.47,0.57,0.67)
Y, M ML M M (0.37,0.47,0.57)
Y, I MI MI I (0.55,0.65, 0.75)
Ys HI I I HI (0.70, 0.80, 0.90)
Cs Y L ML M M (0.27,0.37,0.47)
Y, M M M MI (0.42,0.52,0.62)
Y, H MI I I (0.57,0.67,0.77)
Y, I MI I I (0.57,0.67,0.77)
Ys HI I HI HI (0.75, 0.85, 0.95)
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