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Abstract: The purpose of this paper is to introduce a novel similarity measure, the single-valued
pentapartitioned neutrosophic exponential similarity measure (SVPNESM), and the single-valued
pentapartitioned neutrosophic weighted exponential similarity measure (SVPNWESM) under the
single-valued pentapartitioned neutrosophic set (SVPNS) environment for selecting bacteria on
concrete mortar to improve compressive strength and to reduce water absorption, porosity and
chloride permeability. In order to improve the properties of concrete, bacteria must fulfill
requirements such as increased compressive strength, decreased water absorption capacities,
reduced porosity, decreased chloride permeability etc. A novel approach for selecting suitable
bacteria in concrete mortar is presented in this study based on such requirements. In this study,
suitable bacteria is selected from four bacteria for concrete mortar based on 4 criteria with fixed
bacteria concentrations of 105 Based on this study, Bacillus subtitles is selected among four
alternatives as suitable. Furthermore, the proposed MADM method is shown to be well suited to

this problem after it has been compared with two existing methods.

Keywords: SVPNS; SVPNESM; SVPNWESM; MADM.

1. Introduction:

The concept of fuzzy set (FS) was first grounded by Zadeh [48] in the year 1965 to deal with
different real world problems having uncertainty. In a FS, each element has a membership value lies
in the interval [0, 1]. Afterwards, Atanassov [3] felt that the non-membership of a mathematical

expression has also plays a vital role in solving the problems having uncertainty, and established the
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concept of intuitionistic fuzzy set (IFS) by generalizing the notion of FS. In every IFS, each element
has both membership and non-membership values lies in the interval [0, 1]. Till now, many
researchers around the globe applied the concept of FS, IFS and their extensions in the area of
theoretical research and practical research. Many times, uncertainty events will also have some
indeterminacy part, which can’t be expressed by using the idea of crisp set, FS and IFS. Keep in
mind, Smarandache [42] grounded the idea of neutrosophic set (NS) by generalizing the concept of
FS and IFS to deal with the uncertainty events having indeterminacy. In an NS, each element has
truth, indeterminacy and false membership values respectively lies in the interval [0, 1]. In 2010,
Wang et al. [44] introduced the idea of single-valued neutrosophic set (SVNS) by extending the
notion of NS. The notion of SVNS is more effective in dealing with the uncertainty events having
indeterminate information. Till now, many mathematicians around the globe used the notion of
SVNS and their extensions in theoretical [5-6, 10-16, 43] as well as in the several branches of this real
world such as weaver selection [18], location selection [33-34], medical diagnosis [19, 35-36], fault
diagnosis [45-46], and other decision making problems [4, 21-22, 24, 28-31, 47].

The concept of single-valued pentapartitioned neutrosophic set (SVPNS) was grounded by
Mallick and Pramanik [27] by dividing the indeterminacy membership function into three
independent membership function namely contradiction membership function, ignorance
membership function and unknown membership function. Later on, Das et al. [7] grounded the
notion of single-valued pentapartitioned neutrosophic Q-ideals of single-valued pentapartitioned
neutrosophic Q-algebra. In 2021, Das et al. [9] established the single-valued pentapartitioned
neutrosophic tangent similarity measure of similarities between the SVPNSs under SVPNS
environment, and proposed a MADM technique under the SVPNS environment. In 2021, Das et al.
[8] proposed a MADM technique based on grey relational analysis under the SVPNS environment.
Later on, Das and Tripathy [17] extended the notion of topology on SVPNSs, and grounded the
concept of pentapartitioned neutrosophoic topological space. Thereafter, Majumder et al. [26]
established an MADM strategy based on cosine similarity measure under the SVPNS environment
for the selection of most significant risk factor of COVID-19 in economy. Recently, Radha and Mary
[37] introduced the idea of pentapartitioned neutrosophic pythagorean soft set as an extension of

quadripartitioned neutrosophic pythagorean soft set.

The rest of this article has been designed as follows:

Section-2 presents several basic definitions and operations on SVPNSs those are very useful for
developing the main results of this paper. Section 3 represents the concept of SVPNESM and
SVPNWESM of similarities between two SVPNSs . A MADM strategy using SVPNWESM under the
SVPNS environment is discussed in section-4. In section-5 the proposed MADM strategy is applied

to a real world problem. Finally, in section 6, a comparative study has been conducted to validate
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the results obtained from the proposed method. In section-7, wrap up the work presented in this
article.

List of abbreviations are shown in below:

Short Terms
Single-Valued Neutrosophic Set SVNS
Multi-Attribute Decision Making MADM
Single-Valued Pentapartitioned Neutrosophic Set SVPNS
Single-Valued Pentapartitioned Neutrosophic Exponential SVPNESM
Similarity Measure
Single-Valued Pentapartitioned Neutrosophic Weighted SVPNWCSM
Exponential Similarity Measure
Decision Matrix DM
Positive Ideal Alternative PIA

2. Some Relevant Definitions:
In this section some basic definitions and results are described .

Assume that V be a universe of discourse. Then A, a SVPNS [27] over V is defined by:
A={(t.0,(t), 0a (1), 34 (1),0 4 (1), £, (1)):teV].
Here, 0,, @,, 35, U,and /, are the truth, contradiction, ignorance, unknown and false

membership functions from V to the unit interval [0, 1] respectively i.e., 8,(t), @.(t), I.(t),

O a(t)and 2,(t)e[0,1], for each teV . So,0<0,(t)+@,(t)+I,(t)+0 o (t)+£,(t)<1, for each

teV.
The absolute SVPNS (1rn) [27] and the null SVPNS (0rn) over a fixed set V are defined as follows:

(i) Loy ={(t,120,0,0:teV},
(if) Opy ={(t,0,0,L1):teV}.

Let A={(t,0,(t), (1), 35 (t).0 A (1).04(1)):teV}and B={(t,05(t), 0, (1), 35 ()04 (t).06 (1))t eV}
be any two [27] SVPNSs over V. Then,

() Ac Bif and only if 0, (1) <0g (t), @a(t)<@g(t), Ia(t)=TIg(t), O A(t)=0 (L), La(t)=15 (1),
forall teV.

(i) A ={(t, £, (1),0 4 (1), 1= 3, (1), 04 (1),0, (1)) it eV}
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(iii) AUB = {(t.max {0, (1),05 (1)}, max{g, (t), 25 ()} min {I, (1), S (O}, min {0, (1),0 5 (D}, min{e, (1), ¢, (1)}):t eV}

(iv) AnB ={(t.min {0, (1),0, (1)}, min {, (), 0 (t)}, max {5, (1), Ig ()}, max {0, (1),0 5 (1)}, max{e, (1), £ (1)}):t eV}

Example 2.1. Suppose that A = {(p, 0.6, 0.1, 0.3, 0.4, 0.5), (g, 0.9, 0.1, 0.2, 0.2, 0.1)} and B = {(p, 0.9, 0.2,
0.2,0.1,0.4), (4, 1.0, 0.3, 0.1, 0.2, 0.1)} be two SVPNSs over a universe of discourse V = {p, q}. Then,
()AcB;

(it) Ac={(p, 0.5, 0.4, 0.7, 0.1, 0.6), (g, 0.1, 0.2, 0.8, 0.1, 0.9)} and B¢ = {(p, 0.4, 0.1, 0.8, 0.2, 0.9), (g, 0.1, 0.2,
0.9,0.3, 1.0)};

(iif) Au B=1{(p,09,02,0.2,0.1,04), (3, 1.0,0.3,0.1, 0.2, 0.1)};

(ivy AnB={(p, 0.6,0.1,0.3,0.4, 0.5), (4,0.9,0.1, 0.2, 0.2, 0.1)}.

3. Single-Valued Pentapartitioned Neutrosophic Exponential Similarity Measure:

The notion of SVPNESM is discussed in the current section. This notion depends on similarities
between two SVPNSs. In this section, some basic results on SVPNESM and SVPNWESM are
discussed.

Definition 3.1. Suppose that A and B be two SVPNSs over a fixed set V such as

A={(t,0,(t), 9 (), 34 (1), 0 4 (1), L4 (1)) :t eV} an B ={(t,0, (1), (1), Fg (),0 5 (1), £4 (t)):t €V }. Then,

the SVPNESM of similarities between A and B is denoted by Py cq (A B)and is defined by:

Pavenesu (A B) i ze*[\aA(t)—aB(t)\+\soA(t)fsoB(t)\+\SA(t)fSB(t)MD (OO0 )
tev

Theorem 3.1. Let Py (A B) be the SVPNESM between the SVPNSs A and B. Then, the

following holds:

1) 0< PSVPNESM (A, B)ﬁl,‘

2)  Popnesw (A7 B) = Pypnesm (B' A);
3)  Puenesw (A, B) =1< A=B.

Proof.

1) Since |05 (t)—0g ()20, [pa(t)—s (1) =0, |Ia(t)—Ts(t)|=0,

O A(t)-D g (t)=0and

|¢a(t)—¢g(t) =0 forall t €V then from (1) Pypyeqy (AB)=0
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Also, since exponential function is monotonically decreasing for all values in the set 0 * {0}, so
from the equation (1) it is clear that Py, .o, (A B)<1.

Hence, 0<Pypyeqm (AB)<1

2)  From the equation (1),

PSVPNESM A B Ze ‘6 +‘50A )‘+‘3A(t)_:§a(t)‘+‘m A(t)_D B(t)‘+‘£A(t)_zB(t)[|2
teV
_ (100 (t)-2u(O)la ()04 (O] a (- Fa (O} o (-0 () #fea(t)-2u (0]
==>e

= PSVPNESM (B, A)

Hence Pypyesu (A B) = Pypnesu (B, A)

3) Letusassume that A and B be two SVPNSs over V such that A=B. This implies,
Oa(t)=0g(t)=0, @a(t)—gp(t)=0, Io(t)-Tg(t)=0, O A(t)-0g(t)=0and ¢,(t)-¢5(t)=0,

for all teV . Therefore,

oa(t)-0g (1) =0,

5(1)~Fa (1) =0

@a(t)-@s (1)=0,

|0 a(t)-0 g (t)=0and |¢,(t)—¢g(t) =0forall teV . Hence, from (1),

Povenesm (A B) = nze nzl_ =1
tev tev

Conversely, let Py (A B)=1. This implies,

Oa(t)—0s (t)l =0,

£a (t)_é@s (t)l =0,

|3a(t) =T (1) =0, |0 A(t)-0 g(t)=0and |¢,(t)—¢g(t) =0forall teV . Therefore,

Oa(t)=0g(t), @alt)=@s(t), Ia(t)=Tp(t), D a(t)=0g(t)and £,(t)=¢g(t), forall teV.

Hence, A =B.
Theorem 3.2. If A, B and C be three SVPNSs over U such that A < B <C, then

PSVPNESM (A’ B) PSVPNESM (A C) PSVPNESM (B C) SVPNESM (A C)

Proof. Assume that A, B and C be three SVPNSs over a fixed set V such that A < B < C. Therefore,
oa(1)<0s (1), Pa)<pp(t), Fa(t)23p(t), 0a()20g(t), fa(t)2le(t), Oa(t)<dp(t),
oa()<@c (1), Sa(t)=Te(t), 0 ()20 (1), £a(t)2 L (1), forall teV.

We have,
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[0a (1) =28 (1) <[0a () =2c (1)

a(t)— 8 (t)‘ = ‘SOA (t)—soc (t)

7

A= @)=V a)-1c(t)

7 7

[£a(®)=Ce (O <[£a(t)—£c (1)
Therefore,
PsvpNESM (A, B) = lz efﬂa%\(t)’aB(t)‘Jr‘WA(t)’?’B(t)‘*‘3A(t)*33(t)‘+‘m A(t)0 B(t)‘JrVA(t)*fa(t)Hz

> 1 e_UaA(t)_ac(t)""‘SOA(t)_XOc(t)‘+‘3A(t)_Sc(t)‘+‘D A(t)_D c(t)‘+‘£A(t)_Zc(t)‘}z

= PSVPNESM (A’ C)
Hence/ PSVPNESM (A1 B) 2 PSVPNESM (A’ C)

Further,

|08 (t)~0c (1) < oA (t)—0c (1)

8 (t)_zf@c (t)‘ = ‘KOA (t)_SOc (t)

7

Og(t)-0c(t) <0 a(t)-0c(t)

7

7

|46 () —tc (D] <[¢a(t)—Lc (1)
Therefore,

PSVPNESM (B, C) _ 1 Ze_UaB(t)_ac(t)‘+‘@s(t)_@c(t)‘+‘38(t)_sc (t)MD e(t)-0 c(t)‘*'VB(t)_fc(t)Hz

= PSVPNESM (A, C)

Hence, Pypnesm (B, C) 2 Pyonesu (A' C) .

Definition 3.2. Let us consider two SVPNSs A and B over a fixed set V such as
A={(t,0, (1), (1), 3u(1).0 4 (1), 04 (1)) : eV} and  B={(t,, (1), 0 (1), 35 (1).0 6 (t). 05 (1)) :teV] .

Then, the single valued pentapartitioned neutrosophic weighted exponential similarity measure

(SVPNWESM) of the similarities between two SVPNSs A and B is defined as follows:

X (A, B) _ %Zwt » e—[\aA(t)—aa(t)\+\m(t)—m(t)\+\3A(t)—;~sB(t)MD OO OO0 @
tev

where, Y w =1
tev

In view of the above theorems, the two following two propositions can be formulated.

Proposition 3.1. If Pypyuesw (A B)be the single valued pentapartitioned neutrosophic weighted

sine similarity measure of similarities between the SVPNSs A and B. Then,
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1) 0<Pypunesm (A B)<1;

2)  Popnwesu (A B)=Paennesv (B A);

3)  Psvenwesw (A B)=1iff A=B.

Proposition 3.2. If A, B and C be three SVPNSs over U such that A ¢ B cC, then

PSVPNWESM (A, B) = PSVPNWESM (Av C) PSVPNWESM (B, C) 2 PSVPNWESM (Av C) :

7

4. MADM Strategy Using SVPNWESM under SVPNS Environment:

In this section, an attempt is made to propose a MADM model under the SVPNS environment
using the SVPNWESM.

In a MADM problem, let us consider two sets E={6,,6,,6,,....6,} and F={u, 1, 1t5,.... .} of

all possible alternatives and attributes respectively. Then, a decision maker can give their evaluation

information for each alternative ¢ (i=12,..,m) with respect to the each attribute 4, (j=12,...,k)

by a SVPNS. By using the decision maker’s whole evaluation information, a decision matrix (DM)
can be formed.

The steps of the proposed MADM strategy are discussed below. Figure 1 represents the flow
chart of the proposed MADM strategy.

Step-1. Formation of DM by using SVPNS.

Suppose, the decision maker gives their evaluation information by using the SVPNS

Ko ={(#1.05 (6. 11,).04 (624,33 (815).0 4 (6,14 ). 4 (8, 11, )} or each alternative 4 (i =1,2,....m)
with respect to the attributes ; (j =1,2,...,k), where

(85 (8ot )10 (80 ). 35 (600 )0y (80 )25 (611 )) = (801 ) (s2y) (1 =2.2,0sm and [=1.2,....k)
indicates the evaluation information of alternatives 6 (i =1,2,...,m)with respect to the attribute

1 (J=12,..k).

The decision matrix (DM) can be expressed as follows:

H Hy Hy
6 ((Gm) (Gom) - (G.m)

9‘2 (‘921‘/“1) (‘92!‘/‘2) (92"luk)

6, \(6oi) (Goin) ~ (6on)
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Step-2. Determination of the Weights for Each Attribute.
In every MADM strategy, the determination of weights for every attributes is an important task.
If the information of attributes” weight is completely unknown, then the decision maker can use the

compromise function to calculate the weights for each attribute.

The compromise function of 4, for each 6, is defined as follows:

2= (340, () + 0, (0t1y) =5y (8t ) -0y (Gotty) 14 (811 ) B (3) . Then the

i=1

A
weight of the j-th attribute is defined by w, = ———.................. (4)

Here, Zk:Wj =1

=1

Step-3. Selection of the Positive Ideal Alternative (PIA).
In this step, the decision maker can form the PIA by using the maximum operator for all the
attributes.

The positive ideal alternative (PIA) I" is defined as follows:

I :(vf,vz*,v;,...,vlj) .................. 5)

Where, vj*:(max{aij(ﬁi,yj):i:1,2,...,m},max{goij(Hi,yj):i:1,2,...,m},min{iiij(a,yj):i:1,2,...,m},
min {01y (6, 41;):i=1.2,..,m}, min {¢, (Hi,yj):izl,z,...,m}) .................. ®6), =12,k

]

Step-4. Determination of the SVPNWESM between the PIA and K, (i=1,2,...,m).

In this step, the SVPNWESM between the decision elements from the decision matrix and the PIA

is calculated by using eq. (2).

Step-5. Ranking Order of the Alternatives.

Finally, the ranking order of alternatives is determined based on the ascending order of
SVPNWESM between the PIA and the decision elements from the decision matrix. The alternative
associated with the highest SVPNWESM value is the most suitable alternatives.

Srila Dey, Rama Debbarma, Binod Chandra Tripathy, Suman Das, Priyanka Majumder, Single-Valued
Pentapartitioned Neutrosophic Exponential Similarity Measure under SVPNS Environment and Its Application
in the Selection of Bacteria.



Neutrosophic Sets and Systems, Vol. 51, 2022 412

The flowchart of the proposed MADM-strategy is given as follows:

Goal of the Decision
Making Problem

'

Parameter
Selection

Selection of Attributes

y

Selection of Alternatives

\ 4

Decision Making

Process \ Decision Matrix Formation by Using SVPNS

y

Selection of the Positive Ideal Solution or

Negative Ideal Solution for the Decision Matrix

Calculation of Attribute’s Weight

v

Determination of the SVPNWESM between
the PIA and Other Alternatives

v

Ranking Order of the Alternatives

Figure- 1: Proposed MADM-Strategy

5. Application of the Proposed MADM Strategy for Selecting Suitable Bacteria in Concrete
Mortar under the SVPNS Environment:

The calcite producing bacterium has been used in this research work to study its effect on
strength and permeation properties of concrete. The calcite produced by the bacteria in the concrete
pores, densities the matrix which results not only in improvement of compressive strength but also
reduces the pore size, thereby, improving the permeation properties. Further, the rate of calcite
precipitation is dependent upon the type of bacteria and the concentration of the bacteria.

Bio mineralization process depends on the types of bacteria. Selection of bacteria is a key factor in
the bio mineralization process. Bacteria must fulfill some of the requirements for improving the
properties of concrete. It must be able to adjust to alkaline atmosphere in concrete for the production

of calcium carbonate, it should produce copious amount of calcium carbonate without being affected
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by calcium ion concentration, it must be able to withstand high pressure and should be oxygen
brilliant to consume much oxygen and minimize corrosion of steel.

The selection of the bacteria is depend on the survive capability of bacteria in the alkaline
environment. Shewanella species bacterium able to survive up to 6 to 7 days inside the concrete,
due to calcite precipitation and clogging of pores inside the concrete matrix. This life span and
pathogenic property are the disadvantages of using as self-healing agent for a longer period.
Generally, researchers used some alkali-resistant, calcite precipitating, ureolytic bacteria of the
Bacillus genus like Bacillus subtillis, Bacillus sphaericus, Bacillus cereus, Bacillus magaterium etc.
[1-2, 19-20, 23, 25, 32, 38-40].

From literature review it is concluded that these bacteria could survive up to hundreds of years
without nutrients and can able to withstand environmental chemicals, high mechanical stresses as
well as ultraviolet radiations [41]. Generally, in case of ureolytic process, urea generates a huge
amount of CO:2 and urea produces ammonia, which has a foul smell. So that to reveal from this
situation researchers to investigate the calcite precipitating, alkali-resistant non-ureolytic bacteria.
Afterwards the study showed aerobic alkaliphilic spore forming bacteria in concrete lead to the
precipitation of CaCQs. Table 1 represents the list of bacteria used to concrete mortar base on
compressive strength, water absorption capacities, porosity, chloride permeability as output.

Table 1: List of Bacteria and Their Effect on Concrete Mortar

Bacteria Concentratio | Material | Compressive | Water Porosity | Chloride
n () (4y) strength(28 | absorption | reduction | permeability
days) (1) reduction | (28 days) | reduction
(28 days) (45) (28 days)
(4) (45)
Bacillus 10"5 Mortar 18.30% 89.00% 45.00% 10.00% -
sphaericus 40.00%
(6)[20]
Bacillus cohnii | 105 Mortar | 26.23%
(Nonureolytic)
(6,) [40]
Bacillus 1075 Mortar 27.00% 23.00%
subtilis ( 6, ) (54 Map)
[32]
S. pasteurii 1075 Mortar | 22.00% 13.00%
() [38] (28 Map)

The decision hierarchy of the current MADM problem is given below:
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Selection of Bacteria
Compressiv Material Concentration Porosity Water Chloride
e strength reduction absorption permeabilit
(28 days) (28 days) reduction y
(28 days) reduction

Bacillus sphaericus

Bacillus cohnii

(Nonureolytic)

Bacillus subtilis

S. pasteurii

Figure- 2: Decision Hierarchy of the Current MADM-Problem

Figure-2 represents decision hierarchy of the Current MADM-Problem and steps involve in the

current MADM problem is presented as follows:

By using the evaluation information for all alternatives given by the decision makers, prepare the

decision matrix in Table-2.

Table-2: Decision Matrix

Hy Hy Hy Hy Hs Hg
0, | 0.802,0301,02) | (09,0.1,0.1,0.001) | (0.60.2040203) | (0.80.1,0200,0.2) | (0.80.1,0.20202) | (0.9,0.1,0.1,0.1,0.1)
0, | (0.901,02,0.00.1) | (0.70.203,0202) | (0.7,0.1,0.1,01,03) | (0.9,00,0.1,020.1) | (0.8020.1,0.1,02) | (0.90.0,0.1,0.0,0.1)
0, | (0.90.1,02,0.0,0.1) | (0.7,0.0,030202) | (0.9,0.0,0.1,0.00.1) | (0.90.0,0.1,0.10.1) | (0.90.0,0.10.0,0.1) | (0.9,0.0,0.1,0.1,0.1)
0, | 0.801,01,01,01) | (0.800020.101) | (0.80.1,02000.1) | (0.80.20200,02) | (0.7,0.2020.1,0.3) | (0.80.1,02,0.1,0.2)

Now, by using the eq. (5) & eq. (6), the PIA (I") is formed for the decision matrix is shown in
Table-3:

Table-3: Positive Ideal Alternative

Hy

Hy

H

Hy

Hs

He
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6 | (0.802030.1,02) | (0.90.1,0.1,0.0,0.1) | (0.60.20.4,0.2,03) | (0.80.1,0.2,0.0,0.2) | (0.80.1,0.2,0.2,0.2) | (0.9,0.1,0.1,0.1,0.1)
6, | (09,0.1,0200,0.1) | (0.7,0.20.3,0202) | (0.7,0.1,0.1,0.1,0.3) | (0.9,0.0,0.1,0.2,0.1) | (0.8,0.2,0.1,0.1,0.2) | (0.9,0.0,0.1,0.0,0.1)
6, | (0.9,01,02,0.0,0.1) | (0.7,0.0,0.3,02,0.2) | (0.9,0.0,0.1,0.0,0.1) | (0.9,0.0,0.1,0.1,0.1) | (0.9,0.0,0.1,0.0,0.1) | (0.9,0.0,0.1,0.1,0.1)
6, | 08,0.1,01,01,0.1) | (0.80.0,0.2,0.1,0.1) | (0.80.1,02,0.0,0.1) | (0.80.20.2,0.0,0.2) | (0.7,0.2,020.1,03) | (0.80.1,0.2,0.1,0.2s)
v (0.9,0.2,0.1,0.0,0.1) | (0.9,0.2,0.1,0.0,0.1) | (0.9,0.2,0.1,0.0,0.1) | (0.9,0.2,0.1,0.0,0.1) | (0.9,0.2,0.1,0,0.1) | (0.9,0.1,0.1,0,0.1)

Weights of the attributes are obtained by using the eq. (3) & eq. (4). The weights of the attribute are
wi1=0.1710526, w2=0.1602871, ws=0.1602871, wa= 0.1698565, ws=0.1662679, we= 0.1722488.

By using the eq. (2), obtained SVPNWESM of similarities between the PIA and the decision

elements from the decision matrix as follows:

SVPNWESM (1" ) = 0.1928416,
SVPNWESM (6,17 )= 0.2077046,
SVPNWESM (6,,17) = 0.2141489,
SVPNWESM (6,,17) = 0.2044531.

The ascending order of the SVPNWESM of similarities between the PIS and the decision elements

from the decision matrix is as follows:

SVPNWESM (6),,1") < SYPNWESM (6,,1" ) < SVPNWESM (6, 1" ) < SVPNWESM (1"

6. Comparative Study:

To verify the proposed result based on the SVPNWESM, an investigation has been conducted for
the purpose of comparison with the existing MADM techniques [9, 26]. From the comparative
Table-4, it is observed that the existing methods support the same performance as per the proposed
method for best attribute. According to the Table-4 it is clear that the weighted values of all attribute
are much closed for two existing methods. In case of proposed technique the weighted values of all
attribute is not closed compare to existing tool, it helps to take better decision for considering

attributes. So the proposed method is more effective compare to considering MADM methods.
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Table-4: Comparative Study

Methods 01 | 62 | 63 | 6 Ranking Order

MADM Strategy Based on ® 3 10 3 O1< Ou< O< O3
e T D~ — =3 =
Tangent Similarity Measure o o i) S
[ee] oe] [ee] o0
under SVPNS Environment [9] | & 2 2 S
o ] o o

MADM Strategy Based on " ~ o O1< Q< Qi< O3
. e = =] ) O
Cosine Similarity Measure N X @ L
S, 1 <
under SVPNS Environment & ] 9 L
e = = S

[26]

Proposed MADM Strategy ° L 2 = O1< O1< O2< O3
< S < e}
0 IN — S
I N < =
) =] — o
— N (o] N
S S o =

7. Conclusions: In this article, a novel MADM is proposed for selecting suitable bacteria in concrete
mortar based on compressive strength, water absorption capacities, porosity, chloride permeability
etc. The ranking order ©1 < ©s < 02 < Osis derived by the proposed method. It is obvious from the
ranking order generated by the new method that alternative s is the best among all alternatives. A
comparison of the results obtained by the new MADM method is performed using different existing
methods. Based on all methods, alternative s i.e., Bacillus subtilis is the best alternative, and
therefore, it is concluded that the proposed method is well suited for solving such a problem.

The main limitation of this paper is that it compares alternatives based on a fixed concentration of
bacteria. In future work, the effect of different concentrations of bacteria will be tested after selecting

the most suitable bacteria from among the four alternatives discussed in this paper.

Further, it is hoped that, the proposed MADM technique can also be used in solving other
decision-making problems such as weaver selection [18], location selection [33-34], medical

diagnosis [19, 35-36], fault diagnosis [45-46], etc.
Conflict of Interest: The authors declare that they have no conflict of interest.

Authors Contribution: All the authors have equal contribution for the preparation of this article.

References:

1. Achal, V., Mukherjee, A. & Reddy, M.S. (2011). Microbial concrete: way to enhance the
durability of building structures. Journal of materials in civil engineering, 23(6), 730-734.

2. Andalib, R., Abd Majid, M.Z., Hussin, M.W., Ponraj, M., Keyvanfar, A., Mirza, J., & Lee, H.S.
(2016). Optimum concentration of Bacillus megaterium for strengthening structural

concrete. Construction and Building Materials, 118, 180-193.

Srila Dey, Rama Debbarma, Binod Chandra Tripathy, Suman Das, Priyanka Majumder, Single-Valued
Pentapartitioned Neutrosophic Exponential Similarity Measure under SVPNS Environment and Its Application
in the Selection of Bacteria.



Neutrosophic Sets and Systems, Vol. 51, 2022 417

[6V]

. Atanassov, K. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20, 87-96.

4. Biswas, P., Pramanik, S., & Giri, B.C. (2014). Entropy based grey relational analysis method for
multi-attribute decision making under single valued neutrosophic assessments. Neutrosophic Sets
and Systems, 2, 102-110.

5. Das, S. (2021). Neutrosophic Supra Simply Open Set and Neutrosophic Supra Simply Compact
Space. Neutrosophic Sets and Systems, 43, 105-113.

6. Das, S., Das, R.,, & Granados, C. (2021). Topology on Quadripartitioned Neutrosophic Sets.
Neutrosophic Sets and Systems, 45, 54-61.

7. Das, S, Das, R, Granados, C., & Mukherjee, A. (2021). Pentapartitioned Neutrosophic Q-Ideals
of Q-Algebra. Neutrosophic Sets and Systems, 41, 52-63.

8. Das, S., Shil, B.,, & Pramanik, S. (2021). SVPNS-MADM strategy based on GRA in SVPNS
Environment. Neutrosophic Sets and Systems, 47, 50-65.

9. Das, S., Shil, B., & Tripathy, B.C. (2021). Tangent Similarity Measure Based MADM-Strategy
under SVPNS-Environment. Neutrosophic Sets and Systems, 43, 93-104.

10.Das, R., Smarandache, F., & Tripathy, B.C. (2020). Neutrosophic Fuzzy Matrices and Some
Algebraic Operations. Neutrosophic Sets and Systems, 32, 401-409.

11.Das, S., & Pramanik, S. (2020). Generalized neutrosophic b-open sets in neutrosophic topological
space. Neutrosophic Sets and Systems, 35, 522-530.

12.Das, S., & Pramanik, S. (2020). Neutrosophic ®-open sets and neutrosophic ®-continuous
functions. Neutrosophic Sets and Systems, 38, 355-367.

13.Das, S., & Pramanik, S. (2020). Neutrosophic simply soft open set in neutrosophic soft
topological space. Neutrosophic Sets and Systems, 38, 235-243.

14.Das, S., & Pramanik, S. (2021). Neutrosophic Tri-Topological Space. Neutrosophic Sets and Systems,
45, 366-377.

15.Das, S., & Tripathy, B.C. (2020). Pairwise neutrosophic-b-open set in neutrosophic bitopological
spaces. Neutrosophic Sets and Systems, 38, 135-144.

16.Das, S., & Tripathy, B.C. (2021). Neutrosophic simply b-open set in neutrosophic topological
spaces. Iraqi Journal of Science, 62(12), 4830-4838.

17.Das, S., & Tripathy, B.C. (2021). Pentapartitioned neutrosophic topological space. Neutrosophic
Sets and Systems, 45, 121-132.

18.Dey, P.P., Pramanik, S., & Giri, B.C. (2015). An extended grey relational analysis based interval
neutrosophic multi attribute decision making for weaver selection. Journal of New Theory, 9,
82-93.

19.Dhivya, J., & Sridevi, B. (2017). Single valued neutrosophic exponential similarity measure for

medical diagnosis and multiattribute decision making. International Journal of Pure and Applied

Mathematics, 116(12), 157-166.

Srila Dey, Rama Debbarma, Binod Chandra Tripathy, Suman Das, Priyanka Majumder, Single-Valued
Pentapartitioned Neutrosophic Exponential Similarity Measure under SVPNS Environment and Its Application
in the Selection of Bacteria.



Neutrosophic Sets and Systems, Vol. 51, 2022 418

20. Gavimath, C.C., Mali, B.M., Hooli, V.R., Mallpur, ].D., Patil, A.B., Gaddi, D.P., & Ternikar, C.R,,
Ravishankera, B.E. (2012). Potential application of bacteria to improve the strength of cement
concrete. Int. |. Adv. Biotechnol. Res., 3, 541-544.

21.Hagq, A., Gupta, S., & Ahmed, A. (2021). A multi-criteria fuzzy neutrosophic decision-making
model for solving the supply chain network problem. Neutrosophic Sets and Systems, 46, 50-66.

22.Khan, M.F,, Haq, A., Ahmed, A, & Ali, I. (2021). Multiobjective Multi-Product Production
Planning Problem Using Intuitionistic and Neutrosophic Fuzzy Programming. IEEE Access, 9,
37466-37486.

23.Kim, HK., Park, S.J., Han, J.I., & Lee, H.K. (2013). Microbially mediated calcium carbonate
precipitation on normal and lightweight concrete. Construction and Building Materials, 38,
1073-1082.

24.Liu, D., Chen, X.,, &Peng, D. (2018). The Intuitionistic Fuzzy Linguistic Cosine Similarity
Measure and Its Application in Pattern Recognition. Complexity, 2018, Article ID 9073597, 1-11.
https://doi.org/10.1155/2018/9073597

25.Maheswaran, S., Dasuru, S.S., Murthy, A.R.C., Bhuvaneshwari, B., Kumar, V.R., Palani, G.S,, ...

& Sandhya, S. (2014). Strength improvement studies using new type wild strain Bacillus cereus
on cement mortar. Current science, 50-57.

26. Majumder, P., Das, S., Das, R., & Tripathy, B.C. (2021). Identification of the Most Significant Risk
Factor of COVID-19 in Economy Using Cosine Similarity Measure under SVPNS-Environment.
Neutrosophic Sets and Systems, 46, 112-127.

27.Mallick, R., & Pramanik, S. (2020). Pentapartitioned neutrosophic set and its properties.
Neutrosophic Sets and Systems, 36, 184-192.

28.Mondal, K., & Pramanik, S. (2015). Neutrosophic tangent similarity measure and its application
to multiple attribute decision making. Neutrosophic Sets and Systems, 9, 80-87.

29.Mondal, K., Pramanik, S., & Giri, B.C. (2018). Interval neutrosophic tangent similarity measure
based MAMD strategy and its application to MAMD problems. Neutrosophic Sets and Systems, 19,
47-53.

30.Mondal, K., Pramanik, S., & Giri, B.C. (2018). Single valued neutrosophic hyperbolic sine
similarity measure based MADM strategy. Neutrosophic Sets and Systems, 20, 3-11.

31.Mondal, K., Pramanik, S., & Smarandache, F. (2016). Role of neutrosophic logic in data mining.
New Trends in Neutrosophic Theory and Application. Pons Editions, Brussels, 15-23.

32.Nugroho, A., Satyarno, 1., & Subyakto, S. (2015). Bacteria as self-healing agent in mortar cracks.
J. Eng. Technol. Sci., 47, 279-295. https://doi.org/10.5614/j.eng.technol.sci.2015.47.3 4.

33. Pramanik, S., Dalapati, S., & Roy, T.K. (2016). Logistics center location selection approach based
on neutrosophic multicriteria decision making. New Trends in Neutrosophic Theory and Application.

Pons Editions, Brussels, 161-174.

Srila Dey, Rama Debbarma, Binod Chandra Tripathy, Suman Das, Priyanka Majumder, Single-Valued
Pentapartitioned Neutrosophic Exponential Similarity Measure under SVPNS Environment and Its Application
in the Selection of Bacteria.


https://doi.org/10.1155/2018/9073597
https://doi.org/10.5614/j.eng.technol.sci.2015.47.3.4

Neutrosophic Sets and Systems, Vol. 51, 2022 419

34.Pramanik, S., Dalapati, S., & Roy, T.K. (2018). Neutrosophic multi-attribute group decision
making strategy for logistic center location selection. Neutrosophic Operational Research, Vol. III.
Pons Asbl, Brussels, 13-32.

35. Pramanik, S., & Mondal, K. (2015). Cosine similarity measure of rough neutrosophic sets and its
application in medical diagnosis. Global Journal of Advanced Research, 2(1), 212-220.

36. Pramanik, S., & Mondal, K. (2015). Cotangent similarity measure of rough neutrosophic sets and
its application to medical diagnosis. Journal of New Theory, 4, 464-471.

37.Radha, R, & Mary, A.S.A. (2021). Pentapartitioned Neutrosophic pythagorean Soft set.
International Research Journal of Modernization in Engineering Technology and Science, 03(02), 905-913.

38.Ramachandran, S.K., Ramakrishnan, V., & Bang, S.S. (2001). Remediation of concrete using
micro-organisms. ACI Materials Journal-American Concrete Institute, 98(1), 3-9.

39.Schlangen, H.E.J.G., Jonkers, HM., Qian, S., & Garcia, A. (2010). Recent advances on self healing
of concrete. In FraMCos-7: Proceedings of the 7th International Conference on Fracture Mechanics of
Concrete and Concrete Structures, Jeju Island, Korea, 23-28 May 2010.

40.Sharma, KK, & Kalawat, U. (2010). Emerging infections: Shewanella—a series of five
cases. Journal of Laboratory Physicians, 2(02), 061-065.

41.Sierra-Beltran, M.G., Jonkers, H.M., & Schlangen, E. (2014). Characterization of sustainable
bio-based mortar for concrete repair. Constr. Build. Mater., 67, 344-352.

42.Smarandache, F. (1998). A unifying field in logics, neutrosophy: neutrosophic probability, set
and logic. Rehoboth, American Research Press.

43. Tripathy, B.C., & Das, S. (2021). Pairwise Neutrosophic b-Continuous Function in Neutrosophic
Bitopological Spaces. Neutrosophic Sets and Systems, 43, 82-92.

44.Wang, H., Smarandache, F., Zhang, Y.Q., & Sunderraman, R. (2010). Single valued neutrosophic
sets. Multispace and Multistructure, 4, 410-413.

45.Ye, J. (2016). Fault diagnoses of steam turbine using the exponential similarity measure of
neutrosophic numbers. Journal of Intelligent & Fuzzy Systems, 30(4), 1927-1934.

46.Ye, J. (2017). Single-valued neutrosophic similarity measures based on cotangent function and
their application in the fault diagnosis of steam turbine. Soft Computing, 21(3), 817-825.

47. Ye, ]., & Zhang, Q.S. (2014). Single valued neutrosophic similarity measures for multiple

attribute decision making. Neutrosophic Sets and Systems, 2, 48-54.
48. Zadeh, L.A. (1965). Fuzzy sets. Information and Control, 8, 338-353.

Received: June 14, 2022. Accepted: September 15, 2022.

Srila Dey, Rama Debbarma, Binod Chandra Tripathy, Suman Das, Priyanka Majumder, Single-Valued
Pentapartitioned Neutrosophic Exponential Similarity Measure under SVPNS Environment and Its Application
in the Selection of Bacteria.



