
Applied Soft Computing 123 (2022) 108975

a

b

p
s
i
m
F
i
p
i
P
u
i
t
a
i

m
A
s

(
(

h
1

Downloaded from https://iranpaper.ir
https://www.tarjomano.com
Contents lists available at ScienceDirect

Applied Soft Computing

journal homepage: www.elsevier.com/locate/asoc

A three-waymulti-attribute decisionmakingmethod based on regret
theory and its application tomedical data in fuzzy environments
Jinxing Zhu a, Xueling Ma a,∗, Jianming Zhan a, Yiyu Yao b

School of Mathematics and Statistics, Hubei Minzu University, Enshi, Hubei, 445000, China
Department of Computer Science, University of Regina, Regina, Saskatchewan, S4S 0A2, Canada

a r t i c l e i n f o

Article history:
Received 5 July 2021
Received in revised form 24 April 2022
Accepted 28 April 2022
Available online 11 May 2022

Keywords:
Regret theory
Multi-attribute decision making
Outranking relation
Behavior psychology
Three-way decision

a b s t r a c t

Cardiovascular disease is a global leading cause of death, and timely monitoring can determine its
extent. Clinicians use these diagnostic indicators to make scientific and reasonable decisions. However,
when decision-makers (DMs) encounter risks in complex environments, their limited rationality may
affect decision behaviors. Therefore, the paper explores a new three-way multi-attribute decision
making method based on regret theory (3W-MADM-R), which uses heart disease data to make
decisions in fuzzy environments. There are three main steps in developing 3W-MADM-R, i.e., (i) we
propose the notion of relative outcome functions and corresponding aggregated regret-based utility
functions of each object; (ii) we estimate the conditional probability via an outranked set defined by an
outranking relation based on the Preference Ranking Organization Method for Enrichment Evaluation
(PROMETHEE II); (iii) we construct three-way decision rules to solve the problems of clustering and
ranking of objects in data analysis. In order to demonstrate the usefulness of 3W-MADM-R, we apply
it to analyze heart disease data. By comparing with results of other methods, we show the feasibility,
stability and superiority of the presented 3W-MADM-R method.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

Multi-attribute decision making (MADM) refers to a decision
roblem in which the importance of different attributes is con-
idered and the decision scheme is ranked or the optimal one
s selected. There are many applications of MADM methods in
anagement, engineering design, economics and other fields.
or instance, Churchman et al. [1] first used a simple weight-
ng method to solve the problem of ‘‘choosing the investment
olicy of enterprises’’. At present, the classic MADM methods,
ncluding the TOPSIS method [2], the ELECTRE method [3], the
ROMETHEE-II method [4] and others. Meanwhile, many types of
ncertainties have been considered in MADM methods, includ-
ng randomness [5], fuzziness [6] and roughness [7]. According
o the behavior characteristics of a DM, stochastic, fuzzy-set,
nd rough-set-based MADM models have been proposed and
nvestigated [8–12].

With the rise of MADM techniques, their applications in the
edical field [13] have become more and more widespread.
case in point is that the MADM method can be applied to

olve cardiovascular and cerebrovascular diseases that seriously
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threaten human health. According to a report released by World
Health Organization (WHO), 18 million people die from cardio-
vascular diseases each year, and 85% of which are due to heart
disease and stroke. Data from the National Bureau of Statistics
(https://data.stats.gov.cn/) show that the proportion of deaths
due to heart disease in the total number of deaths is increasing
year by year and has reached 23.65% in 2019. Therefore, the
prevention and control of heart disease need joint efforts of
all individuals. Early monitoring, diagnosis and treatment can
effectively reduce the morbidity and mortality of heart disease
and improve the life quality of patients. One of the key problems
in the field of life sciences is how to quickly and effectively
diagnose heart disease. At present, routine detection items for
this disease mainly include blood pressure, electrocardiogram,
blood routine, blood lipids, blood glucose, hemorheology, and so
forth. These tests will help clinicians to determine the location
and extent of cardiovascular diseases. However, in complex en-
vironments, facing with limited rationality owned by DMs and
different forms of biomedical data, there are two issues that need
to be addressed. One is how to effectively and reasonably deal
with ambiguities in psychological and medical data along with
the bounded rationality of DMs, and the other one is how DMs
with limited rationality apply these data to diagnose a variety of
diseases. In real world, clinical decision making and other aspects
remain to be explored.
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Table 28
The SRCCs comparison of different methods in the data set ‘‘Mammographic Mass".

Our method TOPSIS Bell Liu et al. Jia and Liu Zhan et al. Wang et al. [59] Wang et al. [15]

Our method 1.0000 0.9969 0.9998 0.9996 0.9978 0.1874 0.7818 0.9965
TOPSIS [12] 1.0000 0.9976 0.9977 0.9994 0.1854 0.7753 0.9933
Bell [28] 1.0000 0.9999 0.9993 0.1875 0.7764 0.9948
Liu et al. [14] 1.0000 0.9992 0.1867 0.7763 0.9954
Jia and Liu [39] 1.0000 0.1865 0.7751 0.9939
Zhan et al. [55] 1.0000 0.0867 0.1886
Wang et al. [59] 1.0000 0.7822
Wang et al. [15] 1.0000
Table 29
The SRCCs comparison of different methods in the data set ‘‘Cervical Cancer Behavior Risk’’.

Our method TOPSIS Bell Liu et al. Jia and Liu Zhan et al. Wang et al. [59] Wang et al. [15]

Our method 1.0000 0.9936 0.9987 0.9969 0.9985 0.3782 0.8937 0.9412
TOPSIS [12] 1.0000 0.9912 0.9886 0.9938 0.3573 0.7823 0.9368
Bell [28] 1.0000 0.9986 0.9978 0.3662 0.8957 0.9514
Liu et al. [14] 1.0000 0.9954 0.3658 0.8958 0.9521
Jia and Liu [39] 1.0000 0.3794 0.8821 0.6032
Zhan et al. [55] 1.0000 0.3672 0.9487
Wang et al. [59] 1.0000 0.3383
Wang et al. [15] 1.0000
Fig. 28. Comparison of indexes between different methods and our method under two supplementary data sets.
7.3. Data set experiments on clustering

On this basis, the clustering results of the proposed method
are compared with the ‘‘ground truth’’ (i.e., the clustering results
obtain by decision attributes). We use the following categorical
indicators: CE, Precision, Recall, RI, F1, as shown in Fig. 28. Fig. 28
represents the clustering performance evaluation of the two sets
of data when all decision-making methods select the optimal
parameter.

Remark 7.6. With the data set ‘‘Mammographic Mass’’, although
a few methods have slightly better partial indices than those with
3W-MADM-R, the proposed method performs better overall at
five cluster indices. Similarly, in the data set ‘‘Cervical Cancer
Behavior Risk’’, the indicators under our method are in the best
state.

8. Conclusions

In recent years, the researches on MADM problems and 3WD
odels have become the mainstream. On this basis, we have
ombined RT with the traditional PROMETHEE-II method to con-
truct a new 3W-MADM-R method to solve the decision making
roblems with behavioral psychology in real life. The effective-

ess and superiority of our proposed method have been verified

26
by an illustrative example and comparative analysis of other
methods. In addition, in order to demonstrate the stability and
feasibility of the 3W-MADM-R method, parameter analysis has
been carried out and another three data sets have been added
for further verification. The main contributions of this paper are
summarized as follows:

(1) Based on the net-flow of the traditional PROMETHEE-II
method, we have constructed a new outranking relation and
objectively given the membership degree of the membership
function to calculate the conditional probability, which solves the
deficiency of the existing methods [38,39].

(2) Considering the uncertainty of the environment, we have
used the combination of regret psychology to describe the risk
attitude and preference of DMs. Meanwhile, utility pursuit coef-
ficients, risk aversion and regret aversion coefficients give DMs
great maneuverability.

(3) The 3WD model combined with RT [15] under existing
MADM problems is the last outcome matrix given subjectively,
without intermediate process. However, we have used the at-
tribute evaluation value of the original information table to ob-
jectively calculate the relative outcome function of each scheme,
which is more objective and reasonable.

(4) Analytic expressions of three thresholds have been calcu-
lated to simplify the decision rules.

(5) The proposed new 3W-MADM-R method can solve some

practical problems, and is no longer confined to the construction
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f small data cases [40,61]. Meanwhile, the theories of 3WD
ethod and MADM problems have been further enriched.
Considering the complexity and diversity of representations of

ig data in practical problems, the following aspects are worth
xploring in the future: (1) The proposed 3W-MADM-R method
ill be extended to different information environments, such
s the applications of intuitionistic fuzzy numbers [62], hesitant
uzzy numbers [58] and incomplete environments [63]. (2) The
nalytical formula with the parameter ζ in the threshold can be

solved and the sufficient and necessary conditions that satisfy
the 3WD model can be studied. (3) We will combine the pro-
posed method with the fields of dynamic 3WD [61], machine
learning [22], and so forth.
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