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Abstract

Healthcare waste management has been an extensively attractive topic recently since it is
one of the key concerns regarding both environment and public health, predominantly in
developing nations. The optimization of the treatment procedure for healthcare waste is
indeed a complex “multi-criteria decision-making (MCDM)” problem that involves con-
tradictory and interweaved critical criteria. To successfully handle this issue, this study
extends the original method, named the “double normalization-based multi-aggregation
(DNMA)” approach, with “interval-valued intuitionistic fuzzy sets (IVIFSs)” for decision-
making problems taking criteria in terms of benefit or cost types. This method involves two
target-based normalizations and three subordinate utility models. To estimate the criteria
weights, we propose a new parametric divergence measure and discuss the feasibility of
the developed divergence measure based on existing divergence measures for IVIFSs. Fur-
ther, the developed framework is implemented to elucidate the “healthcare waste treatment
(HCWT)” problem. The comparative and sensitivity analyses of the outcomes indicate
that the proposed approach efficiently tackles the problem of HCWT selection. The out-
comes show that steam sterilization (0.462) is the optimal one for HCWT. The prioritiza-
tion options, obtained by presented approach, are dependable and suitable, which are steam
sterilization > microwave > incineration > landfilling.
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1 Introduction

More healthcare facilities, then more “Healthcare Waste (HCW)” (Aung et al., 2019;
Wu et al., 2019). Literature and reports show a substantial surge in HCW (Adamovié
et al., 2018; Rafiee et al., 2018). As a result, HCW management has become one of the
most demanding challenges for public sectors all over the world, especially in emerg-
ing nations in which the HCW is usually combined with the solid wastes that come out
of cities (Debere et al., 2013). As described by “World Health Organization (WHO),”
the HCW is “waste generated by healthcare activities including a broad range of mate-
rials, from used needles and syringes to soiled dressings, body parts, diagnostic sam-
ples, blood, chemicals, pharmaceuticals, medical devices, and radioactive materials”
(WHO, 2018). The WHO reported that roughly 85% of the HCW is not dangerous, but
the remaining 15% can be a highly dangerous material that might be toxic, infectious,
or even radioactive. To proficiently segregate the dangerous and non-dangerous wastes,
numerous regulations are adopted by most of the developed and developing countries.
It is possible to treat the non-dangerous wastes simply with the municipal solid wastes,
but in case of disposing of the dangerous HCW, we are in need of some strict, demand-
ing treatments. If the HCW is managed poorly, it might result in infectious effects on
waste handlers, healthcare personnel, patients, and the whole society. This can make
the environment polluted, which can negatively impact all people living in that society.
Consequently, the HCW must be strictly segregated right where they are generated, be
treated properly, and then disposed of prudently. It should be noted that this procedure
is done improperly, the living environment will be seriously polluted, diseases such as
typhoid and cholera are transmitted, unpleasant odors will be discharged, and differ-
ent species of insects and worms will grow in the place where people live (Du Mortier
et al., 2016). These threatening issues have resulted in the attractiveness of the topic
of HCW management to academic scholars, governments, and practitioners (Awodele
et al., 2016; Wu et al., 2019).

Many scholars (Liu et al., 2019; Wang et al., 2018) have pointed out the high impor-
tance of choosing the appropriate technology for waste treatment. This is definitely a
complex MCDM concern. To tackle such type of problem efficiently, there is a require-
ment to propose MCDM models. On the other hand, it is not easy for “decision experts
(DEs)” to offer crisp assessments of options on various attributes (Arcos-Aviles et al.,
2018; Ekmekgioglu et al., 2010; Mardani et al., 2015, 2016, 2017). Sometimes, crisp
values may unable to observe the imprecision. Thus, to treat the vagueness and uncer-
tainty, “fuzzy sets (FSs)” (Zadeh, 1965) have been broadly used to various technologies.
The theory of “interval-valued intuitionistic fuzzy sets (IVIFSs)” (Atanassov & Gargov,
1989), as an extension of “intuitionistic fuzzy sets (IFSs)” (Atanassov, 1986), was pro-
posed to illustrate information precisely, where both “belongingness degree (BD)” and
“non-belongingness degree (ND)” are defined in interval values.

In this study, for the first time, we introduce a framework based on a divergence
measure to develop the extended DNMA framework under the IVIFSs environmen-
tal to elucidate the MCDM problems, which include criteria in terms of benefit and
cost types. The utility degree-based approaches are valuable in managing the MCDM
problems with massive experts and criteria. Liao and Wu (2020) suggested the “double
normalization-based multiple aggregation (DNMA)” model, which considers the advan-
tages of diverse normalization process and “aggregation operators (AOs)” and inte-
grates them in an suitable mode. The “overall utility degree (OUD)” of IVIF-DNMA
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method extensively utilizes the “subordinate utility degrees (SUDs)” and the priorities
of options. The contribution of the paper is discussed as follows:

e First, we develop an extended utility value-based framework, namely, the DNMA
method with IVIFSs. This method is composed of two normalization functions and
three subordinate utility models.

e Secondly, to evaluate the criteria weights, this paper introduces an innovative para-
metric divergence measure of IVIFSs and makes a comparison with the existing IVIF-
divergence measures.

e Thirdly, we discuss a case study on the selection of “Healthcare Waste Treatment
(HCWT)” methods to exemplify the procedure of the presented framework in solving
MCDM problems.

e Finally, to validate of the results, a sensitivity investigation is discussed through vary-
ing over parameter values of the presented IVIF-DNMA framework. We discuss a com-
parison of the IVIF-DNMA framework with extant models to express the reliability of
the outcomes.

The rest of the work is prepared as follows: Sect. 2 confers the review of decision-mak-
ing in the discipline of HCWT, how to choose the related criteria, and the hierarchical
configuration of the study. Section 3 presents the elementary ideas of IVIFSs. Section 4
discusses the parametric divergence measure for IVIFSs. Section 5 proposes a novel
IVIFS-DNMA method. Section 6 demonstrates the developed framework by an empirical
case study of HCWT assessment. It also illustrates the comparative discussion with extant
models and sensitivity investigation with different utility parameter values. Section 7 shows
the conclusions and further recommendations of the study.

2 Literature review
2.1 Interval-valued intuitionistic fuzzy sets (IVIFSs)

The principle of IVIFSs has been proposed to elucidate information, where both the BD
and ND are defined in interval values. The IVIFSs have attained a number of theoreti-
cal achievements in terms of measure theory (Zhang et al., 2011), comparison methods
(Xu, 2007; Bai, 2013; Zhang et al., 2018), and MCDM methods (Mishra & Rani, 2018a;
Oztaysi et al., 2017). Khoshnava et al. (2020) presented an “interval-valued intuitionistic
fuzzy-improved score function and weighted divergence based approximation (IVIF-ISF-
WDBA)” model for prioritize the stakeholders. Mishra et al. (2020c) discussed the “com-
plex proportional assessment (COPRAS)” on IVIFSs to assess suitable safety and health
facility in “hazardous waste recycling systems (HWRSs).” Mishra et al. (2020d) reviewed
the IVIF-information measures and illustrated some counter-intuitive concerns. Alrasheedi
et al. (2021) applied “IVIF-combined compromise solution (CoCoSo)” model to prior-
itize the indicators of “green growth to sustainable manufacturing (GGSM).” Mishra et al.
(2022a) developed the “additive ratio assessment (ARAS)” model on IVIFSs to assess and
select the suitable “low-carbon tourism strategy (LCTS).” Chen et al. (2021) proposed the
IVIF-projection model to assess “third party reverse logistic providers (3PRLPs)” with sus-
tainability to promote the “circular economy (CE).”
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Under the IVIFSs setting, there are many promising ranking techniques developed by
researchers for MCDM problems, such as the IVIF-TOPSIS method (Bai, 2013), IVIF-
VIKOR method (Mishra & Rani, 2019a; Rani et al., 2018), IVIF-TODIM method (Mishra
& Rani, 2018a), IVIF-WASPAS (Mishra & Rani, 2018b), IVIF-COPRAS (Wang et al.,
2016; Hezam et al. 2022b), and IVIF-MABAC (Mishra et al., 2020b). There are three rep-
resentative approaches of the utility degree-based MCDM approaches, i.e., the TOPSIS,
VIKOR, and MULTIMOORA (He et al. 2021). They are different from the normalization
and aggregation techniques. It is known that various normalization procedures have dif-
ferent advantages and disadvantages (Jahan & Edwards, 2015), and several “Aggregation
Operators (AOs)” have different functions (Llopis-Albert et al., 2017; Liao & Wu, 2020;
Mishra et al., 2019b). However, the classical utility value-based methods apply only one
normalization technique, which would limit their applications. In this regard, Liao and
Wu (Liao & Wu, 2020) proposed a new utility degree-based DNMA model to treat the
MCDM concerns. Wang and Rani (2021) gave the IF-DNMA model for prioritizing and
evaluating the “sustainability risk factors (SRFs)” in “supply chain management (SCM).”
Recently, Saha et al. (2022) presented the q-ROF- “full consistency method (FUCOM)”-
DNMA” approach to deal with the HCWTT assessment. Hezam et al. (2022a) introduced
a hybrid MCDM methodology by combining “method based on the removal effects of cri-
teria (MEREC)-ranking sum (RS)-DNMA” approach with IFSs and applied to evaluate the
“alternative fuel vehicles (AFVs)” problem.

“Divergence measure (DiM) has been widely used for the measurement of discrimi-
nation among objects. In FSs theory, Pal (1993) was the first scholar who gave the idea
of DiM. Later, Vlachos et al. (2007) initiated the philosophy of DiM in the case of IFSs
and applied it to the study areas such as pattern recognition and medical diagnosis. Ansari
et al. (2018) defined innovative IF-DiM and implemented to develop a technique for edge
detection. Montes, et al. (2015) discussed the IF-DiM with a new definition and axioms.
Mishra et al. (2017a) introduced new IF-DiMs with their application in the correlative
MCDM approach. Mishra et al. (2017b) proposed some novel Jensen-exponential DiMs
to develop a new MCDM procedure with partial information on the weights of criteria for
IFSs. The DiM has also been extended to IVIFSs. For instance, Zhang et al. (2011) stud-
ied a DiM for IVIFSs to evaluate the pattern recognition problems. Ye (2011) introduced
an optimized MCDM model using novel IVIF-DiMs. Meng et al. (2013) presented a new
IVIF-DiM, which was utilized to compute the attribute weights for the proposed decision-
making method. Meng et al. (2015) argued a framework using a DiM and a Shapley func-
tion. Mishra et al. (2020b) integrated the method on the basis of “multi-attributive bor-
der approximation area comparison (MABAC)” model using “IVIF-entropy and DiM” to
evaluate “programming language assessment (PLA)” problems. Mishra and Rani (2018b)
defined IVIF-entropy-DiM using the exponential function and utilized it to discuss the
WASPAS method under the IVIFSs environment.

2.2 Application of decision-making and criteria selection in healthcare waste
treatment

A great pact of research recently carried out into the ways of choosing the appropriate HCWT
technologies has applied the fuzzy set-based “linguistic values (LVs)” to signify DEs’ views.
For example, a fuzzy MCDM approach was introduced by Dursun et al., (2011a, 2011b), aiming
at assessing four prominent technologies related to waste treatment. The basis of their approach
was the concepts of fuzzy measure and fuzzy integral (Morrissey & Browne, 2004). In another
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study, an MCDM procedure was developed by Dursun et al., (2011a, 2011b) based on fuzzy
logic and to evaluate the methods of HCW disposal. Furthermore, Liu et al. (2013) discussed a
new VIKOR model for the selection of HCWT methods. They validated their method by han-
dling an HCWT assessment problem in China. Also, Liu, et al. (2014) used MULTIMOORA
(Brauers & Zavadskas, 2010) method with “interval 2-tuple linguistic numbers (I2TLNs)” to
choose the best waste treatment process for a case in Shanghai, China. Next, Voudrias (2016)
discussed the detailed explanations related to the HCWT procedure and then evaluated them by
means of “analytic hierarchy process (AHP).” Lee et al. (2016) pointed out a study in England
in which the AHP was applied as a mechanism for the assessment of the “optimal” method
that can be implemented for HCWT. Shi, et al. (2017) gave an MCDM model with MABAC
and I2TLNs for evaluating the “best” procedure for HCWT. Xiao (2018) proposed a D-number
doctrine-based method, conducted an investigation on the HCWT procedures. More recently,
Liu et al. (2019) recommended a technique using the Hamy-mean operator and “intuitionistic
uncertain linguistic terms sets (IULTSs)” for the assessment of the optimal HCWT method.
Hinduja and Pandey (2018) established an integrated procedure with “decision-making trial
and evaluation laboratory (DEMATEL)-AHP” on IFSs for estimating and choosing the optimal
HCWT. Mishra et al., (2020a) discussed the “‘evaluation based on distance from average solu-
tion (EDAS)” model on IFSs for estimating the suitable disposal method for HCWT. Rani et al.
(2020) presented “Pythagorean fuzzy-“stepwise weight assessment ratio analysis (SWARA)-
ARAS” model for choosing the HCWT options. Liu et al. (2021) recommended the “Pythag-
orean fuzzy-CoCoSo” model for assessing and ranking “medical waste treatment methods
(MWTMs). Puska et al. (2021) combined the “full consistency method (FUCOM)” and “‘com-
promise ranking of alternatives from distance to ideal solution (CRADIS)” models for selecting
the type of incinerators to treat the problem of HCW in healthcare organizations in Bosnia and
Herzegovina. Rani et al. (2021) presented the CRITICMULTIMOORA model on SVNSs for
choosing the food waste treatment method. Chauhan and Singh (2021) gave a hybrid model
with a “linear programming (LP)” model to treat the concern of safe disposal of hazardous and
infectious HCWs. Torkayesh et al. (2021) proposed a model with the “geographic information
system (GIS),” the BWM, and the “measurement of alternatives and ranking based on com-
promise solution (MARCOS)” tools on grey interval set for landfill location selection for the
HCW system during COVID-19 era. Mishra et al. (2022b) discussed the IVPF- “complex pro-
portional assessment (COPRAS)” model for treating the “waste-to-energy (WTE)” methods
for “municipal solid waste (MSW)” treatment. Torkayesh and Simic (2022) discussed a novel
hybrid model with the “hierarchical stratified best—-worst method (H-SBWM),” the CoCoSo and
the WASPAS methods for recycling facility location selection in urban healthcare plastic waste.

To make a sustainable HCW management system, the system should be socially fit,
economically practical, and environmentally efficient (Xiao, 2018). Consequently, the
evaluation of HCWT options, which considers the need for trade-off various contradictory
attributes with intrinsic imprecision and vagueness, is actually a MCDM problem of high
significance. The MCDM methods that conventionally take into account the deterministic
or random processes are not capable of efficiently handling those decision-making prob-
lems that include inaccurate linguistic information. In addition, in the case that many per-
formance indicators are needed for discussion during the process of assessment, research-
ers often have a tendency to organize the attributes in a multi-level hierarchy to take out
an assessment of high effectiveness. Thus, the present study is centered upon the com-
plete multi-criteria assessment of HCWT options, aiming at identifying the best one that
can be well applied to the case of Istanbul, which is the largest Turkish city. This work is
mainly designed to offer an MCGDM model on the basis of the fuzzy measure principles
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Cost (G1)

Waste residuals (G2)

. Microwave
Release with health effects (G3) —

Odor (G4) —

Incineration
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Selection of the
HWTTs

Treatment effectiveness (Gs) I Steam sterilization

Level of automation (G7) I

Landfill disposal
Adaptability to environmental policy

(Gs)

Public acceptance (Go)

Fig.1 A framework of selecting HCWT technologies

to evaluate the HCWT options. It helps to integrate into the analysis of those imprecise
data that are represented as linguistic variables.

For evaluating and taking the proper criteria to assess the optimal best HCWT methods,
there is a requirement to take a decision related to the framework to monitor the development
of assessing these sources and then certify that the considered attributes are proficient of cov-
ering all facets of the considered approach. Thus, this paper offered a structure (Fig. 1) to
discuss the key criteria that can be discussed in selecting the optimum sources (see Table 1).

The alternative HCWT technologies are B;: “Incineration,” B,: “Steam sterilization,”
Bj: “Microwave” and B,: “Landfill disposal.” These HCWTs are assessed over the four
prime aspects, “economic, environmental, technical and social,” which have nine criteria,
and are depicted in Fig. 1.

3 Preliminaries

Here, some essential concepts of IVIFSs and divergence measure are discussed.
Atanassov and Gargov (1989) extended IVIFSs based on IFSs to handle the uncertainty,
which is exemplified by the BD and the ND in interval form.

Definition 1 Atanassov and Gargov (1989). Let C={c1,c2,...,cn} be a fixed
set. An IVIFS P on C is given by P= {(ci, yp(cl-),vp(ci» i € C}, where
tp, vp - C — [0, 1] hold sup (uP(cl-)) + sup (vp(ci)) < 1. The intervals yp(ci) and
vP(cl-) indicate the BD and ND of the variable ¢; in C, respectively. For simplicity, suppose
up(ci) = [mp (i), mp ()] €10, Nand vy (c;) = [v (er). v (e)] € 10,10,

@ Springer



Assessment of healthcare waste treatment methods using an...

Table 1 Selected criteria for evaluating healthcare waste treatment technologies (HCWTT)

Criteria Sources

Cost (G)) Liu et al. (2013); Dursun et al. (2011a); Liu et al. (2015); Dursun et al.
(2011b); Xiao (2018); Ozkan (2013); Lu, et al. (2016); Vucijak et al.
(2016); Shi et al. (2017); Chauhan, Singh (2016)

Waste residuals (G,) Liu et al. (2013); Dursun et al. (2011a); Liu et al. (2015); Dursun et al.
(2011b); Xiao (2018); Ozkan (2013); Lu et al. (2016); Shi et al. (2017)

Release with health effects Liu et al. (2013); Dursun et al. (2011a); Liu et al. (2015); Dursun et al.

(Gy) (2011b); Xiao (2018); Vucijak et al. (2016); Shi et al. (2017)
Odor (G,) Dursun et al. (2011a); Liu et al. (2015); Dursun et al. (2011b); Liu, et al.
(2014); Lu et al. (2016)
Reliability (Gs) Liu et al. (2013); Dursun et al. (2011a); Liu et al. (2015); Dursun et al.

(2011b); Xiao (2018); Liu, et al. (2014); Lu et al. (2016); Shi, et al. (2017)
Treatment effectiveness (G4) Liu et al. (2013); Dursun et al. (2011a); Liu et al. (2015); Dursun et al.
(2011b); Xiao (2018); Liu et al. (2014); Lu et al. (2016); Shi, et al. (2017)
Level of automation (G;) Dursun et al. (2011a); Liu et al. (2015); Dursun et al. (2011b); Xiao (2018);
Liu et al. (2014)
Adaptability to environmen- Dursun et al. (2011a); Liu et al. (2015); Dursun et al. (2011b); Xiao (2018);
tal policy (Gg) Liu et al. (2014);
Public acceptance (Gg) Liu et al. (2013); Liu et al. (2015); Dursun et al. (2011b); Xiao (2018); Liu
et al. (2014); Lu et al. (2016); Vucijak et al. (2016); Shi, et al. (2017)

The interval ﬂp(c,-) = [n;(ci), n;(cl-)] = [l - y;(ci) - v;(c,-), 1- ,u;(ci) - v;(ci)]
signifies the “hesitancy degree (HD)” of ¢; to P. The pair( [/4]; (cl-), y;(ci)], [v; (ci), vy (cl)])
is termed as an “interval-valued intuitionistic fuzzy number (IVIFN)” (Xu, 2007).
For easiness, the IVIFN is commonly depicted as P = ([p, q], [, s]) such that
[p, q] c [0, 1], [r,s] C [0, 1]andg + s < 1.

Definition 2 (Mishra et al., 2017) Suppose P, Q € IVIFSs(C). Then, some operations on
IVFESs can be defined by.

(a PCQ iff y};(ci) < ,ua(cl-), y;(ci) < ,ug(ci), vl;(ci) > v(‘)(cl-) and
)

V.
) P= Qiff PC QandP 2 0.
© P = {{e; [vp (i), vi ()]s [mp (ci)s mp ()] )1 e € €},

(d PUQ =1 - [”;(Ci) ' '“(_)(Ci)’ L) v ﬂa(cj)} lc; € C¢,

\ [vl;(ci) A vc_z(cl-), v;r(cl-) A vg(ci)] )

@ Pno=4({" [ (c) A w0 (o) A wiler) ] le, € C}.
[v;(ci) v v&(ci), v;(ci) v va(ci)]

Bai (2013) pi(;neered the score value using the HD between the BD and ND of IVIFNs.
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Definition 3 Let P = <[p’ q],[r, s]> € IVIEN(C), then S(P) = p+p(1—p—r);rq+q(l—q—s) is
known as a score function of IVIFN.

Definition 4 For an IVIFN P = ([p, ¢|.[r, s] )and &> 0) € R, we have Xu (2007):

EP=([1-(1-pF, 1= -9f]. [~ §). M

Definition 5 For a set of IVIFNs P= {Pl, Py, ...y Pf}, where
P, = ([pk, qk], [rk, sk] ), k=1,2,---,¢, an “interval-valued intuitionistic fuzzy
weighted averaging (IVIFWA)” operator as

e[ R0 o [ o))

k=1 k=1 k=1 k=1

)

In the similar line, an “interval-valued intuitionistic fuzzy weighted geometric IVIFWG)”
operator as

kégkpk - < [ﬁ (pk)fk’ ﬁ (qk)fk] , ll _ﬁ (1 —rk)fk, 1 —ﬁ(l —sk)f"] >

k=1 k=1 k=1 k=1
3
The DiM has been known as an efficient way to calculate the discernment degree. Firstly,
Vlachos and Sergiadis (2007) developed the concept of IF-DiM. After that, Montes, et al.
(2015) discussed a new axiomatic procedure of [VIF-DiM.

Definition 6 (Montes et al., 2015) A function I : IVIFSs(C) x IVIFSs(C) — R is called
an IVIF-DiM based on the given postulates:

D1I(P,Q) = I(Q, P),
D2I(P,Q) =0 & P=Q,
D3I(PN R, QN R) < IP, Q),

D4I(PUR, Q UR) < I(P, Q), VR € IVIFS(O).

4 The proposed IVIF-divergence measure

Three measures have been introduced for assessing the discrimination level of IVIFSs,
viz. IVIF-dissimilarity, IVIF-distance, and IVIF-divergence. The dissimilarity measure
considers a different number of enviable axioms for IVIFSs. A distance measure cannot
be necessarily considered as a dissimilarity measure. Essentially, a distance measure for
IVIFSs cannot be necessarily helpful for applications like image processing; the reason
is that if one image is signified using IVIFSs, the triangular inequality might fail to repre-
sent the enviable link. On the contrary, the IVIF-DiM can be considered as a dissimilarity
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measure, and it involves a set of enviable axioms that help to assess the differences for
IVIFSs (Montes et al., 2015). In this section, novel parametric IVIF-DiM is developed and
various axioms are investigated.

Definition 7 A parametric symmetric IVIF-DiM between IVIFSs P and Q with
y > 0(y # 2)is given as follows:

3 —

[ () + (1530’ ]’” () + (s3le)) +[ () + (w3l ]/

| .
L(P.Q) = EEIEz— ;

“

Theorem 1 The function I,(P, Q) is a valid IVIF-DiM. This meets the following properties:
PLL(P, Q) =1,(Q.P),

P2I,(P,0)=0 ©P=Q,
P31,(P, Pn Q) = I,(Q, PU 0),
P41,(P, Q) = I,(P*, Q°),
P51,(P, Q) = I,(P‘, Q),

P61,(P, P°) = liff Pis a crisp set.

To express the advantage of the DiM, we compare it with the extant DiMs. The compar-
ison is discussed with the broadly utilized counter-intuitive cases. First, the existing IVIF-
DiMs are reviewed as.

(i) Zhang, Yao, and Zhang (2011):

n

) N ﬂP(Ci)
L(P, Q) = ,:21 Hp(ci)1 %(ﬂ?(ci) + MQ(ci))

1- ﬂp(ci)
3(2=mp(er) = Ho(er))

+ (1 —yp(c,-))ln

where pp (cl-) and ,uQ(ci) stand for the average of the BDs of ¢; to IVIFSs P and Q,, respec-
tively, with
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[/‘;(Ci) + 45 (¢;) vi (i) + "p(ci)] _ ug () + g () +2 = v (e) = v ()
4

_1 [l‘a(ﬁ) + ”(S(Ci) V(S(C;) +VQ(ci)] ~ ”S(Ci) + ﬂé(ci) +2- VE(C,-) _ V&(ci)
MQ(Ci) - E 3 +1 - > _ - |
(i) Ye (2011):
0= (Bl el o) )
i=1
o W)+ ws () +2 =i (ci) = s (e;)

22
W72 [ () + g () + 2= ) = vy (@) + (s (o) + g ) + 2= () = v ()]

. i <v;r(cl-) +v5 (e) +2 = pf () — w5 (1) )

)

4

i=1

vy () +vg (ci) +2 = g (ci) = iy (i) _
a/2- [(V;(Ci) +vi(e) +2 =g (c) = w5 (c)) + (VS(Ci) +vg(e) +2-ui(e) - M(;(Ci))]

log,

(iii) Meng et al. (2013):

INCEOEEDY

Y (O 0
Hp(ci) oD +vae) ve(e) PG
S S logy = + — log, =
up(c,») + vP(c,») . uo(c;) . 1) (c) MP(Ci) +vp( i) - Vo (i) . Vol
upletvp(e) * u(ep)+vg(en) upleytvplen) © g drvg e

where p2 (¢;) = ui (¢;) + g (¢;) and ve (¢;) = vit (¢;) + vg (¢;) for E= P, Q.
(iv) Mishra et al. (2020b):

min {,,;(c,.),,d(;(ci)} + min {y;(c,.),,d(;(ci)}
hy(P.O)=1-log, |1+ € +min{v;(ci), Yo (cl-) } + min{vljr (ci), va (ci)}

2n
+min {ﬂ;(ci),né(c,.)} + min {ﬂ;(ci),n'a(ci) }

Example 1 Let P; and Q, be two IVIFNs as shown in Table 2. We evaluate the degree of
discrimination between P; and Q; by various IVIF-DiMs. The outcomes are portrayed in
Table 2.

In Table 2, from the first and fourth columns, IZ(PI, Ql) = IZ(P4, Q4),
Iy (P, Qy) =1y (P4, Q4), (i = 1,4), when P, # P,, Q; # Q,. In the similar way, from the
first, third and fourth columns, Iy, (Py, Q) = Ly (Pa, Qy) = Ly (P4, Qy), (i =1,2,4),
when P, = P, # P, Q, # Q, = Q,.From the third column, I, (P5, Q3) = I, (P3, Q3) =0,
when P; # Q5. On a similar line, regarding the DiM I;+(P, Q), all entries are negative for
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Table 2 Comparison of various IVIF-DiMs with counter-intuitive sets

P, (10.2,0.3],[0.4,0.6])  ([0.2,0.31,[0.4,0.6])  ([0.2,0.3],[0.3,0.5])  ([0.2,0.3],[0.3,0.5])
0 (10.3,0.4],[0.4,0.6])  ([0.3,0.41,[0.3,0.5)  ([0.3,0.4],[0.4,0.6])  ([0.3,0.4],[0.3,0.5])
L(P, Q) 0.001 0.005 0.000 0.001
1,(P, Q) 0.001 0.005 0.000 0.001
Ly, Q) —0.420 —0.411 —0.420 —0.414
Iy (P, Q) 0.074 0.074 0.152 0.074
1,(P, Q) 0.075 0.015 0.122 0.023

P;and Q; (i = 1,2,3,4). Therefore, we can establish that the similarity measures I,(P, Q),
I, (P, O), Iyp(P, Q) and I(P, Q) are not reasonable. For now, we observe that
I,(Ps, Q3) = IY(P3, 0;) =0, when P; # Qs, which does not hold the axiom (D2) of
Definition 5. Therefore, we determine that the developed IVIF-DiM I, (P, Q) tackles these
flaws. Hence, the proposed IVIF-DiM is more practical and sensible than the existing ones.

5 The divergence measure-based IVIF-DNMA method

Since the IVIFSs have been broadly used to address the uncertain decision-making prob-
lems, therefore, we investigate the DNMA framework with IVIFSs to treat the concerns.
The procedural steps for IVIF-DNMA framework are presented (graphically illustrated in
Fig. 2) by.

Step 1 Originate the “decision-matrix.”

For MCDM, Let consider B = {b,, b,, ... bp} be set of options and organize attribute
set A= {al, ayy e aq}. The DE offers his/her evaluation degree A,-j of options
b;(i =1,2,-,p) over criteria a;(j = 1,2, -, ¢q) by “linguistic values (LVs).” Then, we
convert the LVs into IVIFNs, which creates a “linguistic decision-matrix (LDM)”
M = () , with &5 = ([py> 451 [ s5])-

Step 2 Computing the weights of experts.

Consider ¢ experts with importance weight vector y; = (1//1, Wy, e y/f)T. The ratings
are taken into LVs and described into IVIFNs. Let e, = ( [yk‘, /4;'] s [vk‘ s v+] ) be a rating of
the k" expert and it is evaluated by

v = (e + 1) (2+ 7, + ) kel

(e + 1) 2+ 7 + 7))

&)

M~

=~
Il

Clearly, y; > 0and Y, _ v, = 1.
Step 3 Obtaining the AIVIF-DM.
Assume that Z= (z(.k)) is the LDM of the k™ expert, where

ij
zg‘) = <[pij‘.k, q;k] , [rl;k, s;k] >, k=1,2,-,¢. Here, to combine all the distinct decisions

and construct an aggregate decision, we must form an AIVIF-DM. To this end, let

@ Springer



A. Al-Barakati, P. Rani

Assessment of
HCW Disposal Alternative

il N
v

m
4, =
Y o L

Informatxou Collection related ™,
to Healthcare waste (HCW)

-~ Literature Review “-_

&0

NN e

\ | 4
\ 4 -
\‘\ Evaluation of HCW /’, ‘ Sk LA ’)
\\\ treatment //,/ B, B, Bs, ... B, e, e e, ... e
L |_Set of HOW diposloptons | . Fxpressed i VIFNs
MG i it S

Healthcare waste (HCW) treatment evaluation system
ay, a,, ..., a,
Set of HCW dlsposal criteria

_________________________________________ | —

," Construct Aggregated Interval-valued Intuitionistic Fuzzy Decision Matrix and Criteria Weights ™

\
;

5 1

Compute DEs’ weights :
]

]

i

]

]

H

]

1

H

1

'

[Decision matrix for DEs with

each criteria and options IVIF-decision matrix proposed IVIF-divergence measure

{
i

1

i Convert DEs linguistic Construct IVIF-decision

! evaluation to IVIFNs matrix

H

i P .

i Compute aggregated Compute criteria weights based on
1

\

.-~ Interval-valued Intuitionistic Fuzzy Double Normalization based Multiple Aggregation B
K (IVIF-DNMA) Method b

Target-based linear normalization values l I Target-based vector normalization values

—

¥ v
Complete compensatory Un-compensatory model Incomplete compensatory
model (CCM) based on (UCM) based on weighted model (ICM) based on

weighted average operator

maximum operator

C,(B,) and 5(C, (B,))

weighted geometric operator
C,(B,) and §(C,(B,))

v v |
Subordinate utility values and Subordinate utility values and Subordinate utility values and
ranks ranks ranks
c{™ (B,) and p,(B,) cY(B,) and p, (B,) ¢ (B,) and p,(B,)
[ = I
2

| c(s)mas(c, ()

Wi, W, W3

Weights of the CCM, UCM and ICM based on proposed IVIF-divergence measure

[ Final rank of HCW disposal alternatives R, w. r. t. parameter & ]

Fig.2 Procedure of the IVIF-DNMA approach

&

= [5],,, be the AIVIF- DM,

Springer

where

3= ([P @yl [rs 53] Di= 1.2

j=1,2, --,q.Then,Z = Zk ly/kz ) and
‘ Wi a Wi ‘ ‘
o= [-T10-r)"  -T10-a)" |- [T 05) " T (5)”
k=1 k=1 k= k=1

PRy 22

(©)



Assessment of healthcare waste treatment methods using an...

Step 4 Computing the attribute weights.
Let w = (wl,wz, W )T be the attribute weights, where Zq VT = lw e [0, 1].
Successively for the purpose of obtaining w;, the following equatlon is applied as

w, = i=12.q (N

Step 5 Assessment of the normalized AIVIF-DM.

With the use of an appropriate normalization method, the efficiency of the final decision
can be improved (Belton & Gear, 1985). Here, we propose linear and vector normalization
formulae. Both the numerical values and IVIFNs are managed by these formulae. A linear
normalization approach is given by

Zij .
T, JE€a,
max; Zji
NO = (1) . where 50 Z0] [7, 50 i3
ij IJ i i Tij o Sjj %
P 1-—2  _ jea,
max; S(z;)
®)
where S(.) is a score degree of IVIFNs.
Next, we utilize vector normalization to obtain the normalizes AIVIF-DM Z = [Zij]pxq
: — : 2) _ (2)
with z; = ([py gy, [rys 5] }intoN® = (”ij ),,xq’Where
—2) =2 =2 (2)
@ <[p’/’q’7]’[rif’ ]) J € ay.
Ty = 7o 0| [@ 0 . ©)
([rii » S ] [pi/' = ]) J & ay
- Pij —2) _ i

U <§{(Pu)2+(qy)2}>l/2,qu <§{(pu)2+(qy)2}>l/2’ 1o

7P = v 5@ v i=1,2,

Il
-

...,p,j= 1,2’...’(]

11
Step 6 Implement the the “subordinate aggregation models (SAMs).”
Here, we present three different SAMs with diverse normalization models.
Step 6.1 The “complete compensatory method (CCM).”
Zeleny (1982) discussed a function r(d; p) which is an AO applicable to measuring the
discrimination of option B; to the “Ideal Solution (IS)” B*:
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q » 1/p
r@m={2(%W—d)} lspse,

where w; signifies the criteria weight.

The functions r(d;p) of p = 1 and p = oo have been applied to the VIKOR approach and
the function r(d;p) of p = 2 to the conventional TOPSIS approach. Each criterion holds a
weight; as a result, we do not have any reason for the addition of another weight to a big-
ger one. Therefore, we make use of the function r(d;p) of p = 1 as the primary AO of the
developed IVIF-DNMA approach. For more details, see (Shi et al., 2017). Therefore, the
CCM is defined using the IVIFWAO as follows:

q
Cl(Bi) _ ([IA’EJ-D’ ‘?Ejl)]! [?;1)’ 3;-”]) _ je_al o, ’7;'1) (12)

The options can be prioritized using the C, (Bl-) :i=1,2,--,pinadecreasing manner,
and we obtain the ranking outcomes p, (Bi) ti=1,2,-,p.

Step 6.2 The “un-compensatory method (UCM).”

For the avoidance of a situation in which the chosen solution has a very improper per-
formance in some criterion, the function r(d; p) with p = oo, termed the weighted maxi-
mum operator is used for the purpose of composing the second aggregation function, as
shown below:

@ ~@] [.@ a2 D\
Cy(B;) = ([Pfj) qu)], [r,f,-), s;-)]) = maxw, (nf,)> (13)

The options can be ranked using the C, (Bi) :i=1,2,--+,pin a descending way, and
we get the ranks as p,(B;) 1 i=1,2,-,p.

Step 6.3 The “incomplete compensatory method (ICM).”

The vector normalization process with the IVIFWGO is used as follows:

_ ([0 @] [:® ®])_ 4 @
Cs(B)) —([p,.j . 45 Hr, 8 ])—jgw,-n,j (14)

The options s can be ranked by arranging C, (Bl-) :i=1,2,-,pin adescending mode,
and we get the ranks as p; (Bl-) ci=1,2,-,p.

Step 7 Obtain of “subordinate utility degrees (SUDs).”

The three considered models are represented as CCM (Q 1), UCM (Q,) and ICM (Q3).
Each alternative B; has two types of aspects: the SUDs C_ (Bl-) :i=1,2,--,pand the pref-
erence order p, (Bl-) 1 i=1,2,-,p with each attribute Q, : 7 = 1,2, 3. Clearly, we define
two “decision-matrices (DMs)”: the SUD-DM A(C) = [CT (Bl-)]m><3 and the ranking-DM
A) = [p:(Bi)] 5

Cl(.Bl) CZ(.BI) G:3(‘31) P1 (Bl) Pz(‘B1) Ps(.Bl)
HC)=| €1(B) Cx(B) Ca(B) |and ip)=| () p2(B) p2(8)
C/(8,) C;(B,) C4(B,) 21(B,) 0:(B,) rs(B,)

To reserve the innovativeness of the SUDs C, (Bl-) : v =1,2,3, the normalized values
are defined as

@ Springer



Assessment of healthcare waste treatment methods using an...

N N N N) N . —

CO(B) = ([, 4], 19, s0]); v = 1,23,
A(T) A7)

~(N) _ Py A(N) _ 9;

where p; ﬁ’qu ﬁ
({6} ({6}
o 5
# = J s = i =1,23,i=12.,p, j=12

T e

Step 8 Assess the “overall utility degree (OUD)” of each alternative.
A coefficient & € [0, 1]is considered to illustrate the SUDs and the prioritizations of alter-
natives. Here, we assume & = 0.5. The OUD of alternative is defined as

15)

2 p—p (B ) +1
wy * §<C(1N)(Bi)/mf‘xqm(3i)) +( —§)<+)

2
1 2 r(B;)
Ki=13 —w2*\:(Cé”)(Bi)/m?XQN)(Bi)) +<1—:>< - ) +1

I
+wy \ &(c(8,) [ maxcy? (B,.))2 +(1- 5(#)
' (16)

where w;, w, and w; are the weights of three models, respectively, with w, + w, +w; = 1.
Here, the weight w,, w, and w5 is obtained using the developed IVIF-divergence measure.
The ultimate preference set p = {p(B1 ).p(B,), p(B3), s p(Bp)} is found in descending
value of R; : i=1,2,---,p

6 Case study about the healthcare waste treatment selection

Here, we present a case study carried a sample of six hospitals in Himachal Pradesh (India)
to illustrate how the proposed framework can be employed effectually in selecting the opti-
mal HCWT method.

In the first step, for the purpose of this study, we prepare the information concerning ten
hospitals that usage HCWT technologies. Only six hospitals have been allowed to collect
the information and other related information to assist this study. Out of these six hos-
pitals, three are from the public domain, and the remaining is from the private domain.
All considered hospitals have the necessary structures about the HCWT methods; though,
after the duration of data collection, it was observed that the considered hospitals lacked
advanced high-tech facilities associated with HCWT technologies. The considered hospi-
tals’ details due to the ethical standards of the work cannot be revealed. For data collec-
tion regarding the HCW in these hospitals, there was required to get the approval of the
administrator because of the ethical approval from the hospitals, though the data collection
was approximately three months in the period of 2019 September and 2019 December.
There are numerous criteria that are essential to choosing the optimal HCWT procedures.
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Table 3 LVs for the importance

ratings of attributes and DEs

Table 4 LTs for the rating of
criteria and options

LVs

IVIFNs

Extremely important (EI)
Very important (VI)
Important (I)

Moderate (M)

Unimportant (U)

Very unimportant (VU)
Extremely unimportant (EU)

([0.9,0.95], [0, 0.05])
([0.75, 0.85], [0.1, 0.15])
([0.6, 0.7], [0.15, 0.25])
([0.45, 0.6], [0.3, 0.4])
([0.3, 0.45], [0.4,0.55])
([0.15, 0.3], [0.6, 0.7])
([0, 0.11, [0.8, 0.9])

LVs

IVIFNs

Extremely poor (EP)
Very poor (VP)

Poor (P)

Medium poor (MP)
Medium (M)

Medium good (MG)
Good (G)

Very good (VG)

Very very good (VVG)
Extremely good (EG)

([0.05, 0.11, [0.85,0.9])
([0.1, 0.21, [0.7,0.75])
([0.2, 0.3, [0.55,0.65])
(10.30, 0.40], [0.45,0.55])
([0.45, 0.55], [0.35,0.4])
([0.55, 0.651, [0.3,0.35])
([0.65, 0.751], [0.2,0.25])
(10.75, 0.81, [0.15,0.2])
([0.8, 0.851, [0.1,0.15])
([0.85, 0.9, [0.05,0.1])

An analysis (see Table 1) was given with an interview, feedback, and literature review to
evaluate the critical attributes for assessing the appropriate “HCW treatment (HCWT)”
technologies.

To choose the best HCWT technology, an expert committee from various departments
or institutions was created consisting of four experts (e;, e,, €3, ¢,). The committee com-
prised two fields DEs from a waste disposal firm, an environmental engineer, a professor
of industrial engineering, and an HCW management expert. Next, the procedure of imple-
menting the IVIF-DNMA approach to HCW treatment method selection is given.

Each expert performs his/her knowledge concerning the rating of HCWT alternative
under the considered attributes. Tables 3 and 4 considered from Khoshnava et al. (2020),
Alrasheedi et al. (2021), Mishra et al. (2023) signify the LVs in the IVIFNs to calculate
the weights of considered criteria and the HCWT options by DEs. Based on Table 3 and
Eq. (5), the DEs’ weights are obtained and given in Table 5. Table 6 expresses the DMs of
each DE ¢;: 1,2,3,4, regarding the performance of suppliers.

By Eq. (6), Tables 5 and 6, the AIVIF-DM is obtained and presented in Table 7. Next,
by Eq. (7) and Table 6, the attribute weights for HCWT selection problem are calculated
as: w; =(0.096, 0.047, 0.177, 0.089, 0.053, 0.108, 0.115, 0.155, 0.16).

According to Egs. (8), (9), (10) (11) and Table 7, the linear and vector normalized
AIVIF-DM is assessed and presented in Tables 8 and 9.

The SUDs of the CCM, UCM and ICM are obtained by Eqgs. (12) , (13), (14) and portrayed
in Table 10. Corresponding to Eq. (15), the normalized SUDs of these models are computed
and are presented in Table 11. Next, from Eq. (3) and normalized SUDs, the weights of SUDs
are obtained and given in Table 11.
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Table 5 DEs’ weight assessment

DEs e e, ey e,
LVs\ratings I M VI VI
IVIFNs ([0.60, 0.701, [0.15,  ([0.45, 0.60], [0.30,  ([0.75,0.85], [0.10,  ([0.75, 0.85],
0.25]) 0.40]) 0.15]) [0.10,
0.15])
Weights (Wk) 0.245 0.193 0.281 0.281
b T W  w  n
a;, (G, VG,G,VG) (FPPpP) (MPEFF) (FFPF)
a, (PFPMG) (FF,G,F) (P,P,P,P) (P,VP,F,VP)
a3  (VG,GGG) (GGGMG) (PMPPP) (PPVPP)
a MMMM) (PPPG) (P,GM,P) (VG,VG,VG,VG)
as (VG,G,G,VG) (PFFG) (FMG,EF) (FF,G,VG)
as (GGGMG) (VPMPPP) MGJFEFF) (G VGMG,F)
a;  (G,G,GM) (G,G,VG,G) (G,G,G,G) (M,PPVP)
ag  (P,P,VLM) (G,VG,VG,G) MM,G,G) (P,P,VPP)
ay (VG,G,GMG) (VG,G,VG,G) (PMPPP) (PPPF)

Table 7 AIVIF-DM for the HCWT options

by

by

by

b,

a;

a

as

ay

as

3

az

ag

agy

([0.702, 0.775],
[0.174, 0.225])

(10.367, 0.471],
[0.425, 0.4971)

([0.678, 0.763],
[0.186, 0.237])
([0.450, 0.550],
[0.350, 0.400])
([0.707, 0.778],
[0.172, 0.222])
([0.624, 0.725],
[0.224, 0.275])
([0.603, 0.705],
[0.234, 0.285])

([0.256, 0.360],
[0.518, 0.590])

(10.270, 0.3721,
[0.492, 0.577])
(10.516, 0.619],
[0.299, 0.351)

(10.624, 0.725],
[0.224, 0.2751)
(10.366, 0.476],
[0.414, 0.4971)
(10.469, 0.575],
[0.334, 0.3951)
(10.198, 0.298],
[0.561, 0.652])
(10.682, 0.7651,
[0.184, 0.2351)

(10.702, 0.775],
[0.174, 0.2251)

([0.654, 0.74], [0.210, ([0.707, 0.778],

0.260])

[0.172, 0.222])

([0.417,0.5171],
[0.372, 0.432])
([0.20, 0.30], [0.55,
0.65])

([0.220, 0.320],
[0.529, 0.629])
([0.386, 0.493],
[0.398, 0.471])

([0.389, 0.49], [0.397,
0.458])

([0.239, 0.341], [0.543,
0.61])

([0.173, 0.273], [0.589,
0.677])

([0.75, 0.80], [0.15, 0.20])

([0.471, 0.571, [0.340, ([0.612, 0.697], [0.236,

0.390])

(10.476, 0.577],
[0.337, 0.387])
(10.650, 0.7501,
[0.200, 0.250])
(10.573, 0.677],
[0.255, 0.307])
(10.220, 0.3201,
[0.529, 0.629])

0.289])

([0.60, 0.689], [0.248,
0.301)

([0.245, 0.348], [0.527,
0.600])

([0.173, 0.273], [0.589,
0.677])

([0.28, 0.382], [0.484,
0.567])

From Eq. (20), the normalized SUDs, the OUDs, and the ranks of HCWT options are esti-
mated and shown in Table 11. Therefore, the ranking of HCWT is B, > B; > B; > B, and the
option B, is the optimal HCWT options.

@ Springer



A. Al-Barakati, P. Rani

Table 8 Linear normalization values for the HCWT options

b, b, by b,

a, (10.255,0.311], (10.575,0.651], ([0.462, 0.519], ([0.486, 0.543], [0.32,
[0.612, 0.689]) [0.218, 0.305]) [0.344, 0.434],) 0.41])

a (10.586, 0.646]. ([0.47,0.52], [0.364, ([0.689, 0.764], [0.13, ([0.683, 0.732], [0.156,
[0.248, 0.328]) 0.452]) 0.20]) 0.23])

as (10.276, 0.331, [0.58, ([0.318, 0.37], [0.528, ([0.614, 0.70], [0.174, ([0.666, 0.74], [0.136,
0.669]) 0.628]) 0.256]) 0.217))

a, (10.426, 0.475), ([0.488, 0.566]. ([0.473,0.543], ([0.214, 0.27], [0.676,
[0.385, 0.477]) [0.309, 0.408]) [0.327, 0.424]) 0.73])

as (10.618, 0.693], ([0.392, 0.489], ([0.393, 0.486], ([0.524, 0.608], [0.321,
[0.251, 0.307]) [0.423, 0.482]) [0.428, 0.477]) 0.377))

ag ([0.507, 0.606], [0.34, ([0.147, 0.225], (10373, 0.462], ([0.484, 0.57], [0.366,
0.393]) [0.659, 0.734]) [0.456, 0.504]) 0.42])

a; (10.508, 0.609]. (10585, 0.672], ([0.554, 0.656], [0.29, ([0.195, 0.28], [0.61,
[0.327, 0.38]) [0.273, 0.328]) 0.344]) 0.676])

ag (10.206, 0.293], ([0.611, 0.689], ([0.486, 0.586], ([0.138, 0.221], [0.661,
[0.598, 0.662]) [0.255,0.311]) [0.344, 0.397]) 0.737])

ag (10.565, 0.652]. ([0.618, 0.693], ([0.178, 0.262], (10.227, 0.314], [0.566,
[0.292, 0.347]) [0.251, 0.307]) [0.607, 0.695]) 0.6417)

6.1 Comparison with other models

Here, comparison analyses between the results assessed from the IVIF-DNMA with dif-
ferent extant models are given. To clarify the usefulness and exhibit the distinctive ben-
efits of the IVIF-DNMA framework, the IVIF-WASPAS (Mishra & Rani, 2018a, 2018b)
and IVIF-COPRAS (Wang et al., 2016) models are applied to tackle aforementioned
MCDM problem.

6.1.1 Comparing with the IVIF-WASPAS model

Steps 1-4 Same as those in the developed method.

Step. 5 Obtain  the  “normalized-AIVIF-DM”  Z =[]~ with

z; = ([a; byl. [c;n dy] ). intoND = (;ﬁj.“) , where r/f/.l) is given by Eq. (8).
i i> Vi ij> oXq .
n
Step 6 Compute the degree Sl(.l) = @ w; r]f/.l) of the weighted sum method (WSM).
=1 7

Step 7 Compute the degree Sl(.z) = Q@ w; 11;.1) of the weighted product method (WPM).
j=1

Step 8 Calculate the combined degree S; = 4 SEI) + (-2 Sl@ of the WASPAS
measure for each option, where 4 € [0, 1] stands for the coefficient of strategic accuracy.

Step 9 Prioritization of options by decreasing score values of S;.

Next, the results of HCWT assessment are discussed in Table 12.

Therefore, the preference order of the HCWT options is B, > B; > B, > B, and the
option B, is with the highest suitability degree of the HCWT options.
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Table 9 Vector normalization values for the HCWT options

b, b, by b,

a, ([0.15, 0.193], [0.478, ([0.424, 0.497], (10.32, 0.372], [0.285, ([0.342, 0.394], [0.266,
0.53]) [0.185, 0.254]) 0.354]) 0.335])

a, (10.298, 0.349], (10.21, 0.2461, [0.451, ([0.386, 0.456], (10.381, 0.426], [0.209,
[0.321, 0.412]) 0.541]) [0.175, 0.262]) 0.298])

a; (10.143, 0.182], (10.172, 0.211], [0.42, ([0.406, 0.483], (10.452, 0.519], [0.116,
[0.455, 0.513]) 0.487]) [0.148, 0.215]) 0.184])

a, (10.327, 0.374], (10.387, 0.464], (10.372, 0.441], ([0.14, 0.187], [0.478,
[0.287, 0.351]) [0.233, 0.303]) [0.246, 0.314]) 0.51])

as (10.404, 0.444], (10.268, 0.329], (10.269, 0.326], (10.35, 0.398], [0.272,
[0.198, 0.2561) [0.385, 0.4551) [0.392, 0.449]) 0.332])

ag (10.40, 0.464], [0.198, ([0.126, 0.191], (10.305, 0.369], (10.384, 0.441], [0.219,
0.243]) [0.496, 0.5761) [0.298, 0.342]) 0.265])

a (10.344, 0.402], (10.389, 0.4361, (10.37, 0.4281, [0.203, ([0.14, 0.198], [0.536,
[0.238, 0.29]) [0.188, 0.239]) 0.254]) 0.611])

ag (10.173, 0.243], (10.475, 0.525], (10.389, 0.458], (10.117, 0.185], [0.457,
[0.402, 0.458]) [0.135, 0.174]) [0.198, 0.238]) 0.525])

ag ([0.417, 0.472], ([0.451, 0.496], (10.14, 0.2051, [0.444, ([0.179, 0.244], [0.406,
[0.175, 0.218]) [0.144, 0.1861) 0.528]) 0.475])

6.1.2 Comparing with the IVIF-COPRAS method

Steps 1-4 Same as those in the aforesaid method.

Step 5 Add the benefit and cost-type criteria values. In IVIF-COPRAS model, each
alternative is exemplified with its sum of maximum degree of «; and minimum degree
p;. Let A = {1,2, ..., m} be the benefit-type attributes, then the aggregate value for each
alternative is given by

a»_ m @
a; _gwjny’ 17

LetV={m+1,m+2,.., q} be the cost-type attribute. Then, the aggregated value is
obtained as

@ q @
a’ = @ w;n.’ .
i J=mal J nlj (18)

where m and g are numbers of benefit-type and overall attributes, respectively.
Step 7 Calculate the “relative degree (RD)” ()

r,5(a
Vi= S(a§])> + S<a(2)>1 ;<; >1 ) (19)

i i=1 S(g@)

M and ot
Step 8 Assess the “utility degree (UD).” The UD is obtained by relating the entire
obtained options over the best option. The UD ranges from 0 to 100%. The UD (7’%) is

where S (al(.l)> and §<a§2)> signifies the score values of a ,» respectively.
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Table 10 SUDs for the HCWT options

HCWT ccM(Q,) UCM (@,) ICM (Q;)
Ci(8) S*(C.(B)) Cy(B;) $*(C,(B:)) C5(B)) $*(C5(B))

b, ([0.425,0.507], 0.504 ([0.143,0.178], 0.165 ([0.256,0.311], 0.384
[0.411, 0.481]) [0.796, 0.822]) [0.327, 0.383])

b, ([0.49,0.574],  0.58 ([0.125,0.161], 0.146 ([0.302,0.36], 0.445
[0.339, 0.413]) [0.816, 0.839]) [0.287, 0.352])

by ([0.475,0.565], 0.577 ([0.138,0.172], 0.164 ([0.309,0.378], 0.463
[0.325, 0.402]) [0.7587, 0.807]) [0.269, 0.333])

by ([0.414,0.495], 0.506 ([0.154,0.187], 0.181 ([0.233,0.30], 0.358
[0.38, 0.466]) [0.735, 0.790]) [0.349, 0.415])

obtained by #; = L~ x 100%, where y; and y,y,,, are the importance of alternatives given by

Eq. (19).

Here, the assessment of HCWT technologies is portrayed in Table 13.

Hence, the rank of the HCWT alternatives is By > B, > B, > B, and the option Bj is the
berst HCWT options.

Next, we present a comparison with existing works aiming at demonstrating the superi-
ority of the proposed MCDM method. We have applied the similar case study using vari-
ous extant models for making comparisons with the developed method.

e The proposed approach, Zavadskas, et al. (2014) approach, Wang et al. (2016) method
and Mishra and Rani (2018b) method developed the methods using the IVIFSs, unlike
Hinduja & Pandey (2018) wherein the IFSs were used.

e In the proposed method, the two normalization approaches are implemented. The supe-
riority of a developed framework depends on the sensible combination of normaliza-
tion (for more details see (Liu & Wu, 2019), while Mishra and Rani (2018b) and Hin-
duja and Pandey (2018) used the linear normalization and Wang et al. (2016) applied
the vector normalization method.

e To address vagueness in MCDM concerns, all the inputs, such as the assessments of
options on attributes by various experts, expert and criteria weights, were measured
uncertain and were characterized by IVIFNs, while Hinduja and Pandey (2018) consid-
ered uncertain and articulated by IFNs.

Moreover, we exemplify an organized comparison of the presented method with several
methods using various parameters discussed in the MCDM procedures (see Table 14).

6.2 Sensitivity investigation

The sensitivity over the parameter £ values of presented method is discussed. The changing
of £ is a assisting way to assess the sensitivity level of the IVIF-DNMA model by varying
f from SUDs to the prioritizations of options. Table 15 and Fig. 3 signify the variation in
the HCWT alternatives for different values of £. Based on the investigations, we get the
same prioritization as B, > B; > B, > B,, which implies steam sterilization (Bz) is at the

top of the ranking, while the microwave (Bj; ) is ranked the second. Incineration (B, ) is the
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Table 11 Normalized SUDs and OUDs of the HCWT options

HCWT CCM (Q] ) UCM (QZ) ICM (@3) R; (¢ = 0.5) Final Ranking

c"(B) ,(B) C(B) p(B) C(B)  ps(Bi)

b, 0.464 4 0.499 3 0.463 3 0.333 3
b, 0.534 1 0.445 1 0.5362 0.462 1
by 0.5312 0.4992 0.559 1 041 2
by 0.466 3 0.5514 04314 0.28 4
Weight value of model wy =0.238 wy = 0.665 wy = 0.097

third, while Landfill disposal (34) has the fourth rank. From Table 15, the presented IVIF-
DNMA model is proficient of producing stable and, simultaneously, flexible prioritizations
in variation in parameter.

7 Conclusions

For most of the developing countries, HCW management is an important challenge. This is
because of the fact that any HCW mismanagement may lead to severer problems in public
health and environmental pollutions through transmitting dangerous diseases by a variety
of micro-organisms and viruses, and add to the list the risk of groundwater contamination
that may take place by the untreated medical waste in landfills. As a result, to choose an
appropriate treatment strategy for HCW is of a high significance in order to finally estab-
lish an effective HCW management system. This has been known as a complex MCDM
problem since it requires taking into consideration numerous optional solutions and a vari-
ety of criteria in terms of benefit aspects, cost aspects, and target aspects. Furthermore, the
experts generally make available inaccurate linguistic terms as their judgments, which is
because of the fuzzy nature of structure constraints, imprecise information, and hesitancy.
In the present paper, a novel ranking framework named the double normalization-based
multi aggregation approach with IVIFSs (IVIF-DNMA) has been developed. A suitable
combination of two normalization methods, three subordinate utility models, and a para-
metric divergence measure for criteria weights have been discussed to strengthen their ben-
efits but evade their weaknesses. For criteria weights, a new parametric divergence meas-
ure for IVIFSs has been introduced and then compared with extant measures to illustrate
the reasonability of proposed one. In addition, empirical research has been carried out in
this paper, aiming at validating the proposed method. The empirical research has illustrated
the implementation of the presented approach to the HCWT selection. Comparative discus-
sion and sensitivity analysis have been confirmed its accuracy, adaptability, and efficacy.
From the empirical work, it has been recognized that the developed approach is capable of
efficiently handling the concern of HCW treatment method selection in IVIFSs.

The results of the presented IVIF-DNMA have been expressed that the ranks of
HCWT technology assessment is consistent, and “steam sterilization (SS)” is the best
HCWT technology in India. Also, results show that “incineration (IN)” is an operative
HCWT method, but because of its high cost and adverse outcome on environment and
public health; thus, it is not chosen as a suitable HCWT technology.
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Table 12 Implementation of IVIF-WASPAS for the HCWT options

HCWT  WSM WPM WASPAS Ranking
s s(s) 5 s(s?) S s(s:)
b, ([0.425,0.507],  0.504 ([0.378,0.457], 0.453 ([0.402,0.482], 0479 3
[0.411, 0.481]) [0.453, 0.527]) [0.432, 0.504])
b, ([0.496,0.574],  0.58 ([0.437,0.517],  0.521 ([0.467,0.546], 0.551 1
[0.338, 0.413]) [0.384, 0.465]) [0.36, 0.438])
by ([0.475,0.565],  0.577 ([0.425,0.517], 0.523 ([0.45,0.541], 0.551 2
[0.325, 0.402]) [0.372, 0.448]) [0.347, 0.424])
by ([0.414,0.495],  0.506  ([0.32,0.409], 0.404 ([0.368,0.453], 0457 4
[0.38, 0.466]) [0.478, 0.553]) [0.426, 0.508])
Table 13 Overall results of IVIF-COPRAS model for the HCWT options
a; S(af.”) B; S(ﬂ[@) Yi #A; Ranking
b, ([0.218,0.261], [0.423, 0312 ([0.197, 0.232], [0.505, 0.269 0.438 81.81% 3
0.481]) 0.55])
b,  ([0.247,0.285], [0.391, 0.348  ([0.155, 0.194], [0.576, 0.213  0.508 94.83% 2
0.4471) 0.62])
by ([0.189, 0.234], [0.475, 0.271  ([0.09, 0.124], [0.669, 0.128  0.535 100% 1
0.527]) 0.716])
by  ([0.133,0.174], [0.565, 0.192  ([0.114, 0.144], [0.629, 0.156  0.409 76.30% 4
0.621]) 0.674])

Though the presented IVIF-DNMA model has offered significant insights into
MCDM process, still there are several limitations that permit advance study and model
improvement. The presented approach could be enhanced using the linguistic assess-
ments of criteria with an aggregated decision-matrix. Only objective weight of attribute
is used that determines from the IVIF-DM and derives based on information provided
by DEs.

In future work, the extension of developed framework can be introduced to handle other
MCGDM problems, such as human resource management, healthcare recycling partner
assessment, sustainable supplier selection, medical supplier selection, and sustainable bio-
mass crop selection. Also, we will extend the proposed method using different objective
criteria-weight-determining methods.

Additionally, the policy implications to improve observance to HCWT guidelines are
discussed as.

e The “government hospitals (GHs)” need compact support assistances to protect suf-
ficient funding from the administration to begin operating the services of “common
waste management facilities (CWMFs).” The “state health structures development pro-
ject (SHSDP)” can illustrate a main influence in the application of “bio-medical waste
(BMW)” recommendations by the GHs.
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Table 15 OUD:s of the IVIF-

DNMA model with different ¢ b by by b

values of & 0.0 0.305 0.572 0471 0.239
0.1 0314 0.541 0.457 0.249
0.2 0.321 0.516 0.444 0.258
0.3 0.326 0.496 0.432 0.266
04 0.323 0.478 0.421 0.273
0.5 0.333 0.462 0.41 0.28
0.6 0.335 0.447 0.40 0.286
0.7 0.337 0.434 0.391 0.292
0.8 0.339 0.421 0.382 0.298
0.9 0.341 0.409 0.374 0.304
1.0 0.342 0.397 0.366 0.309

—o—Incineration
—5—Steam sterilization

—&—Microwave

—o—Landfill

Fig.3 OUDs ([R,-) over the utility parameter ¢ values

e The “pollution control board (PCB)” also needs to act as a initiator between the GHs
and the CWMFs more proficiently so as to quick settlement can be warmed between
the two structures.

e Various types of advertisements are employed by two CMFWs in the government.
These can create misunderstanding among GHs workers, particularly among those who
restructured their CMFW. The PCB should verify that various memorandums are not
discussed by the CMFWs to the GHs.
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