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are conducted graphically with respect to some of the system 
parameters involved in the crispified model.
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1  Introduction

In the modern age, human health is dependent on manmade 
products like as garments, food, cosmetics etc. which are 
essential in our life. An item is called green product if it is 
not harmful for human body or it does not pollutes the envi-
ronment. In the manufacturing world, most of the manmade 
products are not fully green. Over the last few years, green 
product plays a significant role to control the pollution of 
environment and human disease. Presently, several research-
ers worked in the area of green product based production 
process. Laroche et al. (2001) did a survey on  the behaviour 
of customers’ who are interested to procure environment 
friendly products. Yan and Yazdanifard (2014) proposed the 
concept of green product purchase approach for sustainable 
development in the environment. Ghosh and Shah (2015) 
established a supply chain model considering green level 
and selling price sensitive customers’ demand. Jamali and 
Rasti-Barzoki (2018) determined the optimal selling prices 
of green product and non-green product via game theory 
approach in a supply chain model. Dong et al. (2019) con-
sidered green investment policy to produce green product 
in a supply chain model (SCM). Sana (2020) presented a 
comparison study between non-green and green products 
marketing. He also assumed that Government collects mini-
mum tax from the manufacturer of green product than the 
manufacturer of non-green product. In a SCM, Ghosh et al. 
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(2021) analyzed the impact of customers with green-sensi-
tive demands.

Presevation facility is an important factor to maintain 
the quality of the produced deteriorated goods. Several 
researchers suggested to use presevation technology in their 
develoved inventory models for deteriorating goods. Hsu 
et al. (2010) proposed preservation investment in deterio-
rated inventory model to reduce the deterioration. Then, Dye 
and Hsieh (2012) investigated optimal replenishment strat-
egyin a deteriorating inventory problem with preservation 
facility. Dye (2013) also proposed the preservation facil-
ity in a deteriorating inventory model. Zhang et al. (2014) 
determined the optimal pricing strategy in a deteriorating 
inventory model includeing preservation facility. Yang 
et al. (2015)  formulated an inventory model with preserva-
tion technology for deteriorating items. Zhang et al. (2016) 
examined the impact of pricing, preservation investment and 
service policies for deteriorating goods under resource con-
straints. Mishra et al. (2017) suggested preservation facility 
in a deteriorated inventory problem with partial backlog-
ging. Pal et al. (2018) developed a preservation facility based 
deteriorated inventory model. Also they assumed that the 
deterioration started at any random time. Then, Ullahet al. 
(2019) analyzed the impact of preservation investment in a 
SCM. Shaikh et al. (2019a) formulated an inventory model 
with preservation and trade credit facility for deteriorating 
goods. Das et al. (2020a) considered preservation investment 
in a deteriorating inventory problem with partial backlogged 
and price varying demand. Again, Das et al. (2021)  inves-
tigated a deteriorating inventory problem under trade credit 
and preservation technology facility.

The first model of inventory control was developed by 
Harris (1913) in crisp environment. After that, due to fluctu-
ation of different  characteristics related to the inventory sys-
tem, several developed inventory models in uncertain envi-
ronment. In the uncertain environment, one or more than one 
model parameter is/are considered as random variable(s), 
fuzzy set(s)/number(s), interval valued, rough set(s), intui-
tionistic fuzzy set(s), nutrosophic fuzzy set(s) etc. Porteus 
(1986) developed a production inventory model under sto-
chastic environment. He assumed that the production sytem 
produced defective product after a random time from the 
starting time. Later, Hung (2011), Ghosh et al. (2017), Mal-
lick et al. (2018), Manna et al. (2018), Sana (2020) and many 
researchers established various types of inventory models 
in stochastic environment. Mandal et al. (1998) introduced 
fuzzy concept in the field of inventory control system. Then, 
Kao and Hsu (2002), Taleizadeh et al. (2009), Priyan and 
Uthayakumar(2016), Manna et al.  (2017), Shaikh et al. 
(2018), Supakar and Mahato (2020), De et al. (2020a, b) 
applied the granular differentiability technique for solving 
optimization problem corresponding  to fuzzy production 
inventory model. In a game-theoretic model of information 

security investment decisions under triangular fuzzy envi-
ronments, Gupta et al. (2020) presented their findings with 
respect to firm investment decisions. According to Haseli 
et al. (2020), they extended fuzzy set theory-based  criteria 
methods. Moghdani et al. (2020) developed a multi-item 
EPQ model with fuzzy uncertainty. Again, Gupta et al. 
(2007, 2009) introduced the interval-valued costs in the area 
of inventory control. After that, Bhunia et al. (2017), Shaikh 
et al. (2019a, b) , Rahman et al. (2020) and others developed 
inventory modelsin interval environment. Moheimani et al. 
(2021a, b) expanded the application of  rough set and type-2 
fuzzy in disaster management. In their study, Moheimani 
et al. (2021a, b) built guidelines for more preparedness to 
deal with COVID-19 based on the rough set theory. Souri 
et al. (2021) examined e-service acceptance and service 
preference by focusing on rough set theory. Zarafshan et al. 
(2021) discussed a theoretical framework for analyzing and 
understanding quality costs based on rough set theory for 
the ceramic industry. Mullai and Broumi (2018) introduced 
neutrosophic set in an inventory model. In the same year, 
Mullai and Surya (2018) developed a neutrosophic inventory 
model under the price break policy. Later, Mullai and Surya 
(2020), Das et al. (2020b) investigated inventory problem 
with considering neutrosophic fuzzy numbers.

In this work, a green production model for deteriorating 
items is formulated under both crisp and nutrosophic envi-
ronments. The preservation investment dependent deterio-
ration rate and green level dependent production cost are 
considered. In addition, consumers’ demand is influenced by 
the selling price of the item and its greenness. Moreover, the 
deterioration rate, demand parameters. holding cost, produc-
tion cost and setup cost are considered as pentagonal neutro-
sophic number. To investigate the validity of this model, two 
numerical examples under crisp and neutrosophic environ-
ments are considered and solved the same using artificial 
bee colony (ABC) algorithm. Finally, a sensitivity analysis 
is performed with respect to different model parameters.

2 � Research gap and contributions

Several researchers developed different types of production 
inventory model considering various imprecise parameters, 
viz. inventory costs, demand parameters can be represented 
by stochastic, fuzzy, fuzzy stochastic, rough and interval 
approaches. To the best of our knowledge, nobody did not 
consider the deterioration rate, demand parameters, holding 
cost, production cost and setup cost as pentagonal neutro-
sophic number in a production inventory model. A compara-
tive review of the related literature to the proposed model is 
represented in Table 1.

The main contributions of this study are as follows:
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•	 An imprecise production inventory model with preserva-
tion investment for deteriorating items is formulated in 
neutrosophic fuzzy environment.

•	 Selling price and green sensitive demand is considered 
where both are decision variable.

•	 Deterioration rate, demand parameters, holding cost, pro-
duction cost and setup cost are considered as pentagonal 
neutrosophic number.

•	 The maximization problem related to the corresponding 
model (average profits) is solved by artificial bee colony 
algorithm.

3 � Basic concepts of neutrosophic set

3.1 � Neutrosophic set (NSS)

Let Y  be the universe of discourse and let y ∈ Y . A neutro-
sophic set P̃N is described by the truth membership function 
𝜎P̃N (y), non-membership function 𝜏P̃N (y) and indeterminacy 
function 𝜔P̃N (y) with the following expression:

P̃N =
{
(y, 𝜎P̃N (y), 𝜏P̃N (y),𝜔P̃N (y)) ∶ y ∈ Y

}

w h e r e  𝜎P̃N (y) ∶ Y → (0−, 1+); 𝜏P̃N (y) ∶ Y → (0−, 1+);

𝜔P̃N (y) ∶ Y → (0−, 1+).

For the above functions,𝜎P̃N (y), 𝜏P̃N (y),𝜔P̃N (y) the inequal-
ity is satisfied

From the definition, it is evident that a neutrosophic set 
P̃N takes real value in (0−, 1+).

3.2 � Single valued neutrosophic set (SVNS)

A single valued neutrosophic Set P̃N generated by the truth 
membership function 𝜎P̃N (y), non-membership function 
𝜏P̃N (y) and indeterminacy function 𝜔P̃N (y) has the following 
expression:

P̃N =
{
(y, 𝜎P̃N (y), 𝜏P̃N (y),𝜔P̃N (y)) ∶ y ∈ Y

}
,

where, 𝜎P̃N (y) ∶ Y → [0, 1]; 𝜏P̃N (y) ∶ Y → [0, 1]; 𝜔P̃N (y) ∶

Y → [0, 1].
The functions 𝜎P̃N (y), 𝜏P̃N (y), 𝜔P̃N (y) satisfy the following 

inequality

0− ≤ sup𝜎P̃N (y) + sup𝜏P̃N (y) + sup𝜔P̃N (y) ≤ 3+.

0 ≤ 𝜎P̃N (y) + 𝜏P̃N (y) + 𝜔P̃N (y) ≤ 3∀y ∈ Y .

Table 1   Comparative study of the proposed model with the existing models

Author(s) Customers’ demand 
dependent on

Produduction/
supply chain 
model

Deteriorating item 
with preservation 
technology

Model development 
in neutrosophic fuzzy 
environment

Application of 
artificial bee colony 
algorithm

Green Level Selling price

Karaboga and Basturk 
(2007)

√

Dye and Hsieh (2012) √
Ghosh and Shah 

(2015)
√ √

Zhang et al. (2016) √ √
Mishra et al. (2017) √ √
Jamali and Rasti 

(2018)
√ √ √

Pal and Bardhan 
(2018)

√

Mullai and Broumi 
(2018)

√

Supakar and Mahato 
(2018)

√ √

Chakraborty et al. 
(2019)

√

Mullai and Surya 
(2020)

√

De et al. (2020a, b) √ √
Sana (2020) √ √ √
Das et al. (2020a) √ √
This paper √ √ √ √ √ √
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3.3 � Single valued pentagonal neutrosophic number 
(SVPNN)

A single valued pentagonal neutrosophic number P̃ is stated as 
P̃ =

([(
p1, p2, p3, p4, p5

)
;𝜌
]
,
[(
q1, q2, q3, q4, q5

)
;𝜆
]
,
[(
r1, r2,

r3, r4, r5
)
;�
]
;
)
, where �, �, � ∈ [0, 1].

The truth membership functions (𝜎P̃) ∶ ℝ → [0, 𝜌] , the 
non-membership function (𝜏P̃) ∶ ℝ → [𝜆, 1] and indetermi-
nancy membership function (𝜔P̃) ∶ ℝ → [𝛿, 1] are given as:

𝜎
P̃
(y) =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

𝜎
P̃l1
(y), p1 ≤ y < p2

𝜎
P̃l2
(y), p2 ≤ y < p3

𝜎
P̃l1
(y), p3 ≤ y < p4

𝜌, y = p4

𝜎
P̃l1
(y),p4 ≤ y < p5

0, Otherwise

⎫
⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

;

𝜏
P̃
(y) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

𝜏
P̃l1
(y), q1 ≤ y < q2

𝜏
P̃l2
(y), q2 ≤ y < q3

𝜏
P̃l1
(y), q3 ≤ y < q4

𝜆, y = q4

𝜏
P̃l1
(y),q4 ≤ y < q5

1, Otherwise

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

;

𝜔
P̃
(y) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

𝜔
P̃l1
(y), r1 ≤ y < r2

𝜔
P̃l2
(y), r2 ≤ y < r3

𝜔
P̃l1
(y), r3 ≤ y < r4

𝛿, y = r4

𝜔
P̃l1
(y),r4 ≤ y < r5

1, Otherwise

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

3.4 � Crispification of linear neutrosophic pentagonal 
number

Let P̃l pn = (p1, p2, p3, p4, p5;q1, q2, q3, q4, q5;r1, r2, r3, r4, r5) 
be a linear pentagonal neutrosophic number. Figure 1 shows 
the pictorial representation of linear pentagonal neutro-
sophic number. To display the truth membership function, 
non-membership function and indeterminacy membership 
function, we draw black, red and blue lined pentagonals 
respectively.

From Chakraborty et al. (2019) the are as of removalcan 
be computed as (Figs. 2, 3, 4, 5, 6, 7, 8),

Fig. 1   Pictorial representation of linear pentagonal neutrosophic 
number

Fig. 2   Removal of area step 1

Fig. 3   Removal of area step 2
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Henceforth, the crispified value of a linear pentagonal 
neutrosophic number is hereunder,

PNu(Ã, p) =
PNu l(Ã, p) + PNu r(Ã, p)

2
,

PNu(B̃, p) =
PNu l(B̃, p) + PNu r(B̃, p)

2
,

PNu(C̃, p) =
PNu l(C̃, p) + PNu r(C̃, p)

2
.

PNu(d̃pn, p) =
PNu(Ã, p) + PNu(B̃, p) + PNu(C̃, p)

3

Fig. 4   Removal of area step 3

Fig. 5   Removal of area step 4

Fig. 6   Removal of area step 5

Fig. 7   Removal of area step 6
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Thus, PNu(d̃pn, 0) =
PNu(Ã,0)+PNu(B̃,0)+PNu(C̃,0)

3

Then, PNu(Ã, 0) =
(p1+p2)𝛿

2
+

(p2+p3)(1−𝛿)

2
+

(p4+p5)𝛿

2
+

(p3+p4)(1−𝛿)

2

2

PNu(Ã, 0) =
PNu l(Ã, 0) + PNu r(Ã, 0)

2
,

PNu(B̃, 0) =
PNu l(B̃, 0) + PNu r(B̃, 0)

2
,

PNu(C̃, 0) =
PNu l(C̃, 0) + PNu r(C̃, 0)

2

PNu l(Ã, 0) = Area of Fig.2 =
(p1 + p2)𝛿

2
+

(p2 + p3)(1 − 𝛿)

2

PNu r(Ã, 0) = Area of Fig.3 =
(p4 + p5)𝛿

2
+

(p3 + p4)(1 − 𝛿)

2

PNu l(B̃, 0) = Area of Fig.4 =
(q1 + q2)(1 − 𝛿)

2
+

(q2 + q3)𝛿

2

PNu r(B̃, 0) = Area of Fig.5 =
(q4 + q5)(1 − 𝛿)

2
+

(q3 + q4)𝛿

2

PNu l(C̃, 0) = Area of Fig.6 =
(r1 + r2)(1 − 𝛿)

2
+

(r2 + r3)𝛿

2

PNu r(C̃, 0) = Area of Fig.7 =
(r4 + r5)(1 − 𝛿)

2
+

(r3 + r4)𝛿

2

PNu(B̃, 0) =

(q1+q2)(1−𝛿)

2
+

(q2+q3)𝛿

2
+

(q4+q5)(1−𝛿)

2
+

(q3+q4)𝛿

2

2

PNu(C̃, 0) =

(r1+r2)(1−𝛿)

2
+

(r2+r3)𝛿

2
+

(r4+r5)(1−𝛿)

2
+

(r3+r4)𝛿

2

2

PNu(d̃pn, 0) =
1

12

[
(p1 + p2 + p4 + p5 + q2 + 2q3 + q4 + r2 + 2r3 + r4)𝛿+

(p2 + 2p3 + p4 + q1 + q2 + q4 + q5 + r1 + r2 + r4 + r5)(1 − 𝛿)

]

4 � Notation and assumptions

In constructing the mathematical model, different notation 
and fundamental assumptions are taken into account. These 
are stated here under:

5 � Notation

I(t)	� On-hand inventory level of the pre-
served goods.

P	�  Manufacturer’s production rate.
tp	�  Production period.
T 	�  Business period.
u	� Preservation investment level.
�(u)	�  Deteriorating rate.
𝜃l pn(u)	�  Neutrosophic deteriorating rate.
PNu(𝜃l pn(u), 0)	�  Crispified deteriorating rate.
gl	�  Product’s green level.
sp	� Product’s selling price.
D(gl, sp)	� Customers’ demand rate.
D̃l pn(gl, sp)	� Neutrosophic customers’ demand 

rate.
PNu(D̃l pn(gl, sp), 0)	� Crispified customers’ demand rate.
hc	� Holding cost/unit/unit time.
h̃cl pn	�  Neutrosophic holding cost /unit/

unit time.
PNu(h̃cl pn, 0)	�  Crispified holding cost /unit time /

unit.
Pc(gl)	�  Production cost /unit product.
P̃cl pn(gl)	�  Neutrosophic production cost /unit 

product.
PNu(P̃cl pn(gl), 0)	�  Crispified production cost /unit 

product.
A	�  Setup cost /cycle.
Ãl pn	�  Neutrosophic setup cost /cycle.
PNu(Ãl pn, 0)	�  Crispified setup cost /cycle.
�(gl, sp, tp)	�  Manufacturer’s average profit.
𝜋̃l pn(tp, gl, sp)	�  Manufacturer’s neutrosophic aver-

age profit.
PNu(𝜋̃l pn(tp, gl, sp), 0)	�  Manufacturer’s crispified average 

profit.

5.1 � Assumptions

	 (i)	 A manufacturing model over infinite time horizon is 
considered. The manufacturing firm produces single 

Fig. 8   Schematic diagram of the inventory level of produced product
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item at a constant rate P and meets up the customers’ 
demand at the rate D( sp, gl) , i.e.,P > D( sp, gl).

	 (ii)	 During the production period of the produced items, 
the product deteriorates continuously with time and 
the deterioration rate is preservation investment level 
dependent. The deterioration rate in crisp and neutro-
sophic environments are respectively

	(iii)	 The customers’ demand rate is influenced by the 
greenness and selling price of the product. Also, it 
climbs with the greenness of the product and drops 
with its selling price. Hence the mathematical expres-
sion of customers’ demand rate in crisp and neutro-
sophic environments are respectively

where �, � and � are positive constants in crisp nature, 
whereas 𝛽l pn, 𝛾̃l pnand 𝛿l pn are neutrosophic numbers.

	(iv)	 The unit production cost is dependent on the product 
green level which is expressed in crisp and neutro-
sophic nature are respectively as follows:

where cf  is the constant unit production cost in crisp 
nature and 𝛼(> 0) is the control parameter of the green 
level. Also, c̃fl pn and 𝛼̃l pn are fixed production cost and 
control parameter of the green level in neutrosophic 
nature respectively.

6 � Model description and formulation

Let us suppose that a manufacturer produces products dur-
ing [0, tp] at a rate  P. During the period [0, tp] , produced 
products level increases continuously  with the period 
P − D(gl, sp) − �(u)I(t) per unit time. After production 

(1)�(u) = �e−�u, u ∈ [0, ∞]

(2)and 𝜃l pn(u) = 𝜂̃l pne
−𝜉u, u ∈ [0, ∞]

(3)D(gl, sp) = � + �gl − �sp

(4)D̃l pn(gl, sp) = 𝛽l pn + 𝛾̃l pngl − 𝛿l pnsp

(5)Pc(gl) = cf e
�ugl

(6)P̃cl pn(gl) = c̃fl pne
𝛼̃l pnugl

period i.e., during [tp, T] , stock level of products is decreased 
due to both effects of demand D(gl, sp) and deterioration 
�(u)I(t) per unit time. The entire cycle is repeated.

6.1 � Crisp model

In this model, all the parameters are crisp valued and the 
deterioration rate is dependent on preservation investment 
level whereas the production cost is green level dependent. 
Also, the customers’ demand is selling price and green level 
dependent. The following differential equations representing 
the inventory level I(t) at any instant t are given by

with I(0) = 0 = I(T).

The solutions of (7) and (8) are

The continuity of I(t) at t = tp implies

The manufacturer’s total production cost (MPC) is given 
by

The manufacturer’s total holding cost (MHC) is given by

The deterioration cost (DC) is DC = dc
{
Ptp − D(gl, sp)T

}
.

The manufacturer’s sales revenue (MSR) is 

MSR = sp

T∫
0

D(gl, sp) dt = spD(gl, sp)T .

The manufacturer’s total profit (MTP) is given by

(7)
dI(t)

dt
= P − D( sp, gl) − 𝜃(u)I(t), 0 < t ≤ tp

(8)
dI(t)

dt
= −D( sp, gl) − 𝜃(u)I(t), tp < t ≤ T

(9)I(t) =
1

𝜃(u)

[
1 − e−𝜃(u)t

][
P − D( sp, gl)

]
, 0 < t ≤ tp

(10)I(t) =
1

𝜃(u)

[
e(T−t)𝜃(u) − 1

]
D( sp, gl), tp < t ≤ T

(11)T = tp +
1

�(u)
log

[
1 +

P − D(gl, sp)

D(gl, sp)

{
1 − e−�(u)tp

}]

MPC = Pc(gl)

tp

∫
0

Pdt = Pc(gl)Ptp

MHC = hc

T

∫
0

I(t)dt

=
hc

{�(u)}2

[{
P − D(gl, sp)

}{
�(u)tp + e−�(u)tp − 1

}
+ D(gl, sp)

{
e�(u)(T−tp) − 1 − �(u)(T − tp)

}]
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Henceforth, the average profit of the manufacturer is 
given by

Now the goal is to find the optimal values of gl and 
tp which maximize the manufacturer’s average profit 
�(tp, sp, gl) . Hence the otimization problem of this model 
is given by

MTP(tp, sp, gl) = spD(gl, sp)T − Pc(gl)Ptp − dc
{
Ptp − D(gl, sp)T

}
− A

−
hc

{�(u)}2

[{
P − D(sp, sp)

}{
�(u)tp + e−�(u)tp − 1

}
+ D(gl, sp)

{
e�(u)(T−tp) − 1 − �(u)(T − tp)

}]

(12)�(tp, sp, gl) =
MTP(tp, sp, gl)

T

(13)
�������� 𝜋(tp, sp, gl)

������� �� gl > 0, sp > 0, T > tp > 0.

6.2 � Neutrosophic model

This section discusses production inventory model for dete-
riorating green product in neutrosophic environment. In real 
life situations, due to change of weather and season, labour 
problem, inadequate information, lack of evidence, fluctuat-
ing financial market, parameters like, the deteriorating rate, 
demand rate, holding cost, production cost, set up cost are 
uncertain. To represent their uncertainty, we have used linear 
pentagonal neutrosophic number as follows:

The manufacturer’s total neutrosophic profit (MTP) per 
inventory cycle can be evaluated as stated below:

Let 𝜃l pn(u) = (𝜅p1, 𝜅p2, 𝜅p3, 𝜅p4, 𝜅p5;𝜅q1, 𝜅q2, 𝜅q3, 𝜅q4, 𝜅q5;𝜅r1, 𝜅r2, 𝜅r3, 𝜅r4, 𝜅r5),

D̃l pn(gl, sp) = (Δp1,Δp2,Δp3,Δp4,Δp5;Δq1,Δq2,Δq3,Δq4,Δq5;Δr1,Δr2,Δr3,Δr4,Δr5),

h̃
cl pn

= (�p1,�p2,�p3,�p4,�p5;�q1,�q2,�q3,�q4,�q5;�r1,�r2,�r3,�r4,�r5),

P̃cl pn(gl) = (pp1, pp2, pp3, pp4, pp5;pq1, pq2, pq3, pq4, pq5;pr1, pr2, pr3, pr4, pr5),

Ãl pn = (ap1, ap2, ap3, ap4, ap5;aq1, aq2, aq3, aq4, aq5;ar1, ar2, ar3, ar4, ar5).

M̃TPl pn(tp, gl, sp) = spD̃l pn(gl, sp)T − P̃cl pn(gl)Ptp − dc
{
Ptp − D̃l pn(gl, sp)T

}
− Ãl pn −

h̃cl pn{
𝜃l pn(u)

}2
[{P−

D̃l pn(gl, sp)}
{
𝜃l pn(u)tp + e−𝜃l pn(u)tp − 1

}
+ D̃l pn(gl, sp)

{
e(T−tp)𝜃l pn(u) − (T − tp)𝜃l pn(u) − 1

}
]

= sp(Δp1,Δp2,Δp3,Δp4,Δp5;Δq1,Δq2,Δq3,Δq4,Δq5;Δr1,Δr2,Δr3,Δr4,Δr5)T−

(pp1, pp2, pp3, pp4, pp5;pq1, pq2, pq3, pq4, pq5;pr1, pr2, pr3, pr4, pr5)Ptp−

dc
{
Ptp − (Δp1,Δp2,Δp3,Δp4,Δp5;Δq1,Δq2,Δq3,Δq4,Δq5;Δr1,Δr2,Δr3,Δr4,Δr5)T

}
−

(ap1, ap2, ap3, ap4, ap5;aq1, aq2, aq3, aq4, aq5;ar1, ar2, ar3, ar4, ar5) −

(ℏp1,ℏp2,ℏp3,ℏp4,ℏp5;ℏq1,ℏq2,ℏq3,ℏq4,ℏq5;ℏr1,ℏr2,ℏr3,ℏr4,ℏr5){
(�p1, �p2, �p3, �p4, �p5;�q1, �q2, �q3, �q4, �q5;�r1, �r2, �r3, �r4, �r5)

}2

[{
P − (Δp1,Δp2,Δp3,Δp4,Δp5;Δq1,Δq2,Δq3,Δq4,Δq5;Δr1,Δr2,Δr3,Δr4,Δr5)

}
{

(�p1, �p2, �p3, �p4, �p5;�q1, �q2, �q3, �q4, �q5;�r1, �r2, �r3, �r4, �r5)tp+

e−(�p1,�p2,�p3,�p4,�p5;�q1,�q2,�q3,�q4,�q5;�r1,�r2,�r3,�r4,�r5)tp − 1

}

+(Δp1,Δp2,Δp3,Δp4,Δp5;Δq1,Δq2,Δq3,Δq4,Δq5;Δr1,Δr2,Δr3,Δr4,Δr5){
e(T−tp)(�p1,�p2,�p3,�p4,�p5;�q1,�q2,�q3,�q4,�q5;�r1,�r2,�r3,�r4,�r5)−

(T − tp)(�p1, �p2, �p3, �p4, �p5;�q1, �q2, �q3, �q4, �q5;�r1, �r2, �r3, �r4, �r5) − 1
}

]
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Hence, the neutrosophic average profit of the manufacturer 
is evaluated as stated below:𝜋̃l pn(tp, gl, sp) =

M̃TPl pn(tp, gl, sp)

T

(14).
Now the goal is to determine the optimal values of 

tp, gl and sp which maximize the manufacturer’s neutro-
sophic average profit 𝜋̃l pn(tp, gl, sp) . Hence the correspond-
ing maximization problem is as follows:

6.3 � Crispified model

In this section, to simplify the computational process, con-
version of neutrosophic model into crispified model is done. 
Now, in order to crispify the linear neutrosophic pentagonal 
numbergiven in (15), we have used the method discussed 
in Sect. 2.4.

The manufacturer’s total crispified profit (MTP) is given 
by

Hence, the crispified average profit is

Now the goal is to determine the optimal values of 
tp, gl and sp which maximize the manufacturer’s crispified 

(15)
�������� 𝜋̃l pn(tp, gl, sp)

������� �� gl > 0, sp > 0, T > tp > 0

PNu(𝜃l pn(u), 0) =
1

12

[
(𝜅p1 + 𝜅p2 + 𝜅p4 + 𝜅p5 + 𝜅q2 + 2𝜅q3 + 𝜅q4 + 𝜅r2 + 2𝜅r3 + 𝜅r4)𝛿+

(𝜅p2 + 2𝜅p3 + 𝜅q4 + 𝜅q1 + 𝜅q2 + 𝜅q4 + 𝜅q5 + 𝜅r1 + 𝜅r2 + 𝜅r4 + 𝜅r5)(1 − 𝛿)

]

PNu(D̃l pn(gl, sp), 0) =
1

12

[
(Δp1 + Δp2 + Δp4 + Δp5 + Δq2 + 2Δq3 + Δq4 + Δr2 + 2Δr3 + Δr4)𝛿+

(Δp2 + 2Δp3 + Δq4 + Δq1 + Δq2 + Δq4 + Δq5 + Δr1 + Δr2 + Δr4 + Δr5)(1 − 𝛿)

]

PNu(h̃cl pn, 0) =
1

12

[
(�p1 + �p2 + �p4 + �p5 + �q2 + 2�q3 + �q4 + �r2 + 2�r3 + �r4)𝛿+

(�p2 + 2�p3 + �q4 + �q1 + �q2 + �q4 + �q5 + �r1 + �r2 + �r4 + �r5)(1 − 𝛿)

]

PNu(P̃cl pn(gl), 0) =
1

12

[
(pp1 + pp2 + pp4 + pp5 + pq2 + 2pq3 + pq4 + pr2 + 2pr3 + pr4)𝛿+

(pp2 + 2pp3 + pq4 + pq1 + pq2 + pq4 + pq5 + pr1 + pr2 + pr4 + pr5)(1 − 𝛿)

]

PNu(Ãl pn, 0) =
1

12

[
(ap1 + ap2 + ap4 + ap5 + aq2 + 2aq3 + aq4 + ar2 + 2ar3 + ar4)𝛿+

(ap2 + 2ap3 + aq4 + aq1 + aq2 + aq4 + aq5 + ar1 + ar2 + ar4 + ar5)(1 − 𝛿)

]

PNu(M̃TPl pn(tp, gl, sp), 0) = spPNu(D̃l pn(gl, sp), 0)T − PNu(P̃cl pn(gl), 0)Ptp

−dc
{
Ptp − PNu(D̃l pn(gl, sp), 0)T

}
− PNu(Ãl pn, 0)

−
PNu(h̃cl pn, 0){

PNu(𝜃l pn(u), 0)
}2

[
{
P − PNu(D̃l pn(gl, sp), 0)

}{
PNu(𝜃l pn(u), 0)tp + e−PNu(𝜃l pn(u),0)(u)tp − 1

}

+PNu(D̃l pn(gl, sp), 0)
{
e(T−tp)PNu(𝜃l pn(u),0) − (T − tp)PNu(𝜃l pn(u), 0) − 1

}
]

(16)PNu(𝜋̃l pn(tp, gl, sp), 0) =
PNu(M̃TPl pn(tp, gl, sp), 0)

T

average profit PNu(𝜋̃l pn(tp, gl, sp), 0) . Hence the correspond-
ing maximization problem is as follows:

7 � Solution methodology

A swarm-based meta-heuristic algorithm, the artificial bee 
colony (ABC), was first proposed by Karaboga (2005). 
Though in the beginning, it was proposed to optimize 
numerical problems but can also be applied for combinato-
rial optimization problems (e.g. Pan et al. 2011). This tech-
nique is specifically dependent on the particular intelligent 
searching behaviour of honey bees (Karaboga et al. 2012). 
Supakar and Mahato (2018) developed an EOQ model of 
advance payment with uncertain environment using ABC 
algorithm. Initial applications of ABC algorithm were lim-

ited to unconstrained optimizations but now it can also be 
applied for constrained optimization problems (c.f. Mao 

et al. 2015). In ABC algorithm, there are three types of bees 
in the artificial hive.

	 (i)	 Employed bees: For a particular food sources, 
employed bees are specific and each food source is 
assigned to asingle employed bee. This means that 

(17)
��������PNu(𝜋̃l pn(tp, gl, sp), 0)

������� �� gl > 0, sp > 0, T > tp > 0
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there are exactly the same amounts of employed bees 
as well as solutions. For searching the food source, 
employed bees traverse the region at random, i.e., the 
ABC forms a population that is randomly distributed 
according to the size Sp.

	 (ii)	 Onlooker bees: Onlooker bees firstly watch the move-
ment of those employed bees and then goes towards 
the search region.

	(iii)	 Scout bees: Scout bees remain busy to explore the 
new food sources in the region. Also, it is possible 
that an employed bee turns into a scout bee when the 
food source is exhausted.

The usual procedure of ABC algorithm is described 
hereunder:

(a) Initialization stage: The bees hunt the region 
haphazardly to locate the food source in the first 
instance. Every solution Yf , is a z-dimensional vector 
(i.e.,Yf = Yf ,1, Yf ,2, ..., Yf ,z ) which is to be optimized. So 
the position is initialized using the following equation (c.f. 
Xiang et al. 2014).

where, f = 1, 2, ..., Sp, g = 1, 2, ..., z;.
Ymin

f
= Lower bound of food source location in the  f-th 

dimension;
Ymax
f

= Upper bound of food source location in the f-th 
dimension.

(18)Yf ,g = Ymin

f
+ rand(0, 1)(Ymax

f
− Ymin

f
)

(b) Employed bees stage: In the nearby community of 
the previous food source in their memories, the employed 
bees move towards more enriched new food sources in the 
region using the expression given in Eq. (19) (c.f. Xiang 
et al. 2014)

where h = 1, 2, ..., Sp, g = 1, 2, ..., z; h and g are randomly 
selected and h and f  must not be same;�f ,g is anyarbitary 
number between [−1, 1]..

(c) Onlooker bees stage: By observing the employed 
bees, onlooker bees gather information about possible food 
sources in the nearby hive. Based on the values calculated 
by the Eq. (20) the onlooker bees select the food source.

where fitf  indicates the fitness value of solution Yf .
Using the following formula, we can easily calculate the 

fitness value of a solution

where fit(Yf ) indicates the objective function value of the 
decision vector Yf .

(19)�f ,g = Yf ,g + �f ,g (Yf ,g − Yh,g)

(20)pf =
0.9

fit
best

fitf + 0.1

(21)fitf =

⎧⎪⎨⎪⎩

1 + �fit(Yf )�, if fit(Yf ) < 0,

1

1 + fit(Yf )
, if fit(Yf ) ≥ 0,

Table 2   Pentagonal 
neutrosophic parameters and 
their crispified values (taking 
� = 0.25)

Parameter Pentagonal neutrosophic value Crispified value

𝜂̃l pn (0.4,0.5,0.6,0.7,0.8;0.36,0.46,0.56,0.66,0.76;0.43,0.53,0.63,0.73,0.83) 0.596667
𝛼̃l pn (0.005,0.006,0.007,0.008, 0.009; 0.0045,0.0055, 0.0065, 

0.0075,0.0085;0.01,0.03,0.05, 0.06,0.07)
0.019083

𝛽l pn (300,350,400,450,500;275,325,375,425,475,315,365,415,465,515) 396.6667
𝛾̃l pn (15,20,25,30,35;10,16,22,28,34;23,29,35,41,47) 27.33333
h̃cl pn (0.44,0.5,0.56,0.62,0.68;0.42,0.47,0.52,0.57,0.62;0.49,0.59,0.69,0.79,0.89) 0.59000
c̃fl pn (10,14,18,22,26;5,9,13,17,21;15,25,35,45,55) 22.00000
Ãl pn

(150,175,200,225,250;100,115,130,145,160;165,190,215,240,265) 181.6667

Table 3   Best found and worst found results of Example 1

*Indicates the optimal value

Number 
of runs

Bestfound result Worst found result Average Profit

�∗ S∗
p

gl∗ t∗
p

T∗ �∗ S∗
p

gl∗ t∗
p

T∗

10 839.1240 33.837 0.7024 0.2881 1.731478 837.9878 33.292 0.5346 0.3042 1.823534 838.7052
20 839.1434 33.871 0.7102 0.2865 1.723606 837.7789 33.846 0.6313 0.3058 1.873236 838.6574
30 839.1472 33.845 0.6929 0.2843 1.715527 837.6614 34.455 0.8349 0.3047 1.858809 838.6441
40 839.1521 33.859 0.7021 0.2845 1.714265 837.5596 34.802 0.9420 0.2669 1.637091 838.5795
50 839.1527 33.865 0.7008 0.2840 1.712949 837.5806 34.540 0.9615 0.2874 1.707284 838.7247
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Table 4   Best found and worst found results of Example 2

Number 
of runs

Best found result Worst found result Average Profit

�∗ S∗
p

gl∗ t∗
p

T∗ �∗ S∗
p

gl∗ t∗
p

T∗

10 859.8232 34.0924 0.1542 0.2429 1.499851 856.9313 33.5893 0.1107 0.2957 1.754007 858.7436
20 859.9165 33.9290 0.1051 0.2396 1.478163 857.0586 33.7869 0.1686 0.2201 1.320502 858.9709
30 859.9500 33.9557 0.1456 0.2565 1.565127 858.2360 34.1907 0.1943 0.2220 1.371568 859.2270
40 860.0646 33.7292 0.1024 0.2546 1.540549 857.6962 34.2387 0.3066 0.2718 1.624875 859.2001
50 860.0887 33.8574 0.1140 0.2560 1.561843 857.4342 34.6115 0.3880 0.2373 1.440991 859.1278
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Fig. 9   Sensitivity of α on best found policy
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Fig. 11   Sensitivity of dc on best found policy
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Fig. 10   Sensitivity of γ on best found policy
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Fig. 12   Sensitivity of hc on best found policy

(d) Scout bees stage: In this stage, some food sources are 
considered as abandon while searching. The employed bees 
of the neglected food sources turn into scouts. Thus these 
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scout bees have to look for a new food source using the fol-
lowing equation (Xiang et al. 2014).

where g = 1, 2, ..., z.

(e)	 Termination criterion: ABC algorithm terminates 
when the number of iterations reaches specified number 
of iterations.

The steps of ABC algorithm is stated here under:

(22)Yf ,g = Ymin
f

+ rand(0, 1)(Ymax
g

− Ymin
g

)

1st Step: Set the size of the population Sp and the solutions Yf ,g to the 
initial value using Eq. (18); where f = 1, 2, ..., Sp, g = 1, 2, ..., z, z 
is the dimension size

2nd Step: Determine the fitness value of f−th solution with the help 
of Eq. (21)

3rd Step: Take iteration = 1
4th Step: A new solution �f  for the employed bees is derived by 

using Eq. (18)and then evaluate
�f ,g = Yf ,g + �f ,g(Yf ,g − Yh,g) where f , h = 1, 2, ..., Sp, g = 1, 2, ..., z; 
h and g are randomly generated and h differs from f ,�f ,g, is a 
random number within [−1, 1].

5th Step: Employed honey bees should be selected using the greedy 
selection process

6th Step: If there is no improvement in the solution, assign trial = 1; 
else, assign trial = 0

7th Step: Determine the probability value of pf  for the solution Yf
8th Step: Evaluate the latest solutions for the onlooker bees from the 
f -th solution, which is choosenbased on pf

9th Step: Utilize greedy selection to select the onlooker bees
10th Step: If there is a discarded solution for the scout, restore it 

with a random solution using Eq. (18)
11th Step: Among all the solutions found so far, keep the best one
12th Step: If iteration < Maximum cycle number,continuing to 4th 

Step after setting iteration = iteration + 1
13th Step: Take the optimal solution to print
14th Step: End

8 � Numerical experiments

Example 1  In this example, the model parameters are con-
sidered as crisp valued which aregiven below:

Example 2  In this example, some of the model parameters 
are considered as pentagonal neutrosophic nmber (which are 
given in Table 2) and the rest of the model parameters be the 
same as Example 1.

Solution: To obtain the best found solutions of Examples 1 
and 2, ABC algorithm is used and the computed results of 
tp, gl, sp, T as well as the average profit are shown in Tables 3 
and 4.

From Tables 3 and 4, it is observed that the crispified 
input data give better output compare to crisp input data.

9 � Sensitivity analysis

To analyse the effects of Pm , �0, �1, �2, �3, cp, ch and Am 
on the best found (optimal) policy, sensitivity analyses are 
carried out considering single parameter at a time keeping 

cf = 20, � = 0.02, � = 380, � = 29, � = 9,� = 0.65, � = 0.35,

u = 7 , M = 0.5, hc = 0.65, A = 250,P = 600, dc = 2.5.
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Fig. 13   Sensitivity of Pon best found policy
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Fig. 14   Sensitivity of ξ on best found policy
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others as their original values. The computational results of 
the sensitivity analysis are shown graphically in Figs. 9, 10, 
11, 12, 13 and 14.

From Figs. 9, 10, 11, 12, 13 and 14, the following obser-
vations are made.

	 (i)	 Average profit of the manufacturer (�(tp, gl, sp)) is 
less sensitive directly w.r.t. preservation investment 
(�) and it is insensitive w.r.t. P, �, � , hc and dc.

	 (ii)	 Product’s green level (gl) is highly sensitive directly 
w.r.t. � , whereas it is highly sensitive reversely w.r.t. 
P . Moreover, it has large impect w.r.t. �, �, hc and dc.

	(iii)	 Selling price of the product (sp) is insensitive w.r.t. 
P, �, � , hc, � and dc.

	(iv)	 The production period (tp) is highly sensitive reversely 
w.r.t. P , whereas it is less sensitive reversely w.r.t. dc . 
Also, it is equally sensitive directly w.r.t. � . Moreover, 
it is insensitive w.r.t. �, � and hc.

10 � Managerial insights

In general, man-made products fall into two categories: 
green products and non-green products. Green products 
are always eco-friendly for human as well as environment 
but, these are costly than the non-green products. Although, 
many manufacturing companies wish to produce green prod-
ucts for fulfilling high market demands of environment con-
scious customers. On the other hand, different costs related 
to the production system, deterioration rate and customers’ 
demand are not always fixed. In this connection, this work 
presents the importance of green products on the custom-
ers’ demand and manufacturing system. Also, the customers’ 
demand is dependent on the selling price and green level of 
the product. Moreover, it is assumed that deterioration rate, 
demand parameters, different costs related to the production 
system are uncertain in nature.

Based on the numerical experiment, the following mana-
gerial outcomes are drawn:

	 (i)	 The green product has the positive impact on both 
environment and economy.

	 (ii)	 Product’s green level has a positive impact on manu-
facturer’s average profit and customers’ demand. So, 
the model can be applied in the green production 
industry, viz. garment industry, bag industry, cosmet-
ics industry, etc.

	(iii)	 Because of changing weather and seasons, labor prob-
lems, inadequate and insufficient information, lack of 
evidence, fluctuating financial markets, real-life con-
ditions can create uncertainty concerning parameters 
such as deteriorating rate, demand parameters, hold-
ing cost, production cost, set up cost. For addressing 

the imprecision of the parameters, organiser can adapt 
the parameters as fuzzy, intuitionistic fuzzy, type—2 
fuzzy, neutrosophic fuzzy, stochastic or combinations 
of these.

	(iv)	 To simplify the computational process, the manager 
can convert the imprecise number into crispified one 
with the suitable crispification methods.

11 � Conclusion and future scope of research

We have developed a food production inventory model 
involving deteriorating green products. In this work, the 
rate of deterioration is taken to be preservation investment 
level dependent and production cost is based on the green-
ness of the product. Also, the customer’s demand rate is 
increased with the greenness of the product and decreased 
with the selling price  to go through real life situations. 
Firstly, the crisp model is formulated, thereafter the related 
neutrosophic fuzzy model is also expressed with the linear 
pentagonal neutrosophic fuzzy parameters. To make the 
computational easier, we have converted the neutrosophic 
fuzzy model to a crispified model with the help of a suitable 
crispification method. After that we find out the solution of 
the crisp and crispified models with the ABC algorithm and 
sensitivities of different parameters of the crispified models 
are presented pictorially. For the first time, the linear pen-
tagonal neutrosophic fuzzy number is used to construct the 
EPQ model for deteriorating green product with the demand 
dependent on selling price and green level of the product.

This study has the following limitations:
(i) In the proposed production model, manufacturer pro-

duces green products which are perfect. However, the con-
cept of defective production is not considered.

(ii) Though there are so many soft computing techniques, 
we have only used the ABC algorithm to solve the model. 
The limitations of this method are as follows:

•	 Insufficient use of secondary information
•	 Requires new fitness test on new algorithm
•	 Higher number of objective function evaluation
•	 Slow sequential processing.

For future scope of research, one can devel-
oped more inventory models based on the ideas discussed 
in this work. This model can be enhanced by incorporat-
ing trade credit financing to generate higher demand rates. 
Additionally, we can extend this model to include Weibull 
distributed deterioration rate with two/ three parameters 
in stochastic environment. Researchers can use stochastic, 
intuitionistic fuzzy, fuzzy numbers or type-2 fuzzy to deal 
with the imprecision of their parameters with reference to 
real data.



	 Int J  Syst  Assur  Eng  Manag

1 3

Acknowledgements  The authors express their sincere thanks to the 
Editor and the anonymous Reviewers for their valuable comments and 
suggestions which have led to a significant improvement of the manu-
script. The second author would like to thank University Grants Com-
mission for providing the Dr. D. S. Kothari Post-Doctoral Fellowship 
(DSKPDF) through The University of Burdwan to accomplish this 
research (Vide Research Grant No.F.4-2/2006 (BSR)/MA/18-19/0023). 
Also, the fourth author would like to acknowledge the financial support 
provided by the Department of Science and Technology, Govt. of India 
for FIST support (SR/FST/MSII/2017/10 (C)).

Declarations 

Conflict of interest  The authors declare that they have no conict of 
interest.

Ethical approval  This article does not contain any data from any 
source and there is no involvement about animals.

References

Bhunia AK, Shaikh AA, Cárdenas-Barrón LE (2017) A partially inte-
grated production-inventory model with interval valued inventory 
costs, variable demand and flexible reliability. Appl Soft Comput 
55:491–502

Chakraborty A, Mondal S, Broumi S (2019) De-Neutrosophication 
technique of pentagonal neutrosophic number and application in 
minimal spanning tree. Neutrosophic Sets Syst 29:1–18

Das SC, Zidan AM, Manna AK, Shaikh AA, Bhunia AK (2020a) An 
application of preservation technology in inventory control system 
with price dependent demand and partial backlogging. Alex Eng 
J 59:1359–1369

Das S, Roy BK, Kar MB, Kar S, Pamučar D (2020b) Neutrosophic 
fuzzy set and its application in decision making. J Ambient Intell 
Humaniz Comput 11(11):5017–5029

Das SC, Manna AK, Rahman MdS, Shaikh AA, Bhunia AK (2021) An 
inventory model for non-instantaneous deteriorating items with 
preservation technology and multiple credit periods-based trade 
credit financing via particle swarm optimization. Soft Comput. 
https://​doi.​org/​10.​1007/​s00500-​020-​05535-x

De A, Khatua D, Kar S (2020a) Control the preservation cost of a 
fuzzy production inventory model of assortment items by using 
the granular differentiability approach. Comput Appl Math 
39(4):1–22

De M, Das B, Maiti M (2020b) EPL models with fuzzy imperfect 
production system including carbon emission: a fuzzy differential 
equation approach. Soft Comput 24(2):1293–1313

Dong C, Liu Q, Shen B (2019) To be or not to be green? Strategic 
investment for green product development in a supply chain. 
Transport Res Part E 131:193–227

Dye CY (2013) The effect of preservation technology investment 
on a non-instantaneous deteriorating inventory model. Omega 
41(5):872–880

Dye CY, Hsieh TP (2012) An optimal replenishment policy for deterio-
rating items with effective investment in preservation technology. 
Eur J Oper Res 218(1):106–112

Ghosh D, Shah J (2015) Supply chain analysis under green sensitive 
consumer demand andcost sharing contract. Int J Prod Econ 
164:319–329

Ghosh PK, Manna AK, Dey JK (2017) Deteriorating manufacturing 
system with selling price discount under random machine break-
down. Int J Comput Eng Mgmt 20(5):8–17

Ghosh PK, Manna AK, Dey JK, Kar S (2021) Supply chain coordina-
tion model for green product with different payment strategies: a 
game theoretic approach. J Clean Prod 290:125734. https://​doi.​
org/​10.​1016/j.​jclep​ro.​2020.​125734

Gupta RK, Bhunia AK, Goyal SK (2007) An application of genetic 
algorithm in a marketing-oriented inventory model with interval 
valued inventory costs and three-component demand rate depend-
ent on displayed stock level. Appl Math Comput 192(2):466–478

Gupta RK, Bhunia AK, Goyal SK (2009) An application of Genetic 
Algorithm in solving an inventory model with advance pay-
ment and interval-valued inventory costs. Math Comput Model 
49(5–6):893–905

Gupta R, Biswas B, Biswas I, Sana SS (2020) Firm investment deci-
sions for information security under a fuzzy environment: a game-
theoretic approach. Inf Comput Secur 29(1):73–104. https://​doi.​
org/​10.​1108/​ICS-​02-​2020-​0028

Harris FW (1913) How much stock to keep on hand. FactoryMagaz 
Manag 10(2):135–136

Haseli G, Sheikh R, Sana SS (2020) Extension of base-criterion method 
based on fuzzy set theory. Int J Appl Comput Math 6(2):1–24

Hsu PH, Wee HM, Teng HM (2010) Preservation technology invest-
ment for deteriorating inventory. Int J Prod Econ 124(2):388–394

Hung KC (2011) An inventory model with generalized type demand, 
deterioration and backorder rates. Eur J Oper Res 208(3):239–242

Jamali MB, Rasti-Barzoki M (2018) A game theoretic approach for 
green and non-green product pricing in chain-to-chain competi-
tive sustainable and regular dual-channel supply chains. J Clean 
Prod 170:1029–1043

Kao C, Hsu WK (2002) A single period inventory model with fuzzy 
demand. Comput Math with Appl 43:841–848

Karaboga D (2005) An idea based on honey bee swarm for numerical 
optimization. Erciyes University, Technical Report-TR06, Kay-
seri, Turkey

Karaboga D, Basturk B (2007) Artificial Bee Colony (ABC) Optimiza-
tion Algorithm for solving Constrained Optimization Problems. 
LNAI 4529, pp. 789–798, Springer, Berlin.

Karaboga D, Gorkemli B, Ozturk C, Karaboga N (2012) A comprehen-
sive survey: artificial bee colony (ABC) algorithm and applica-
tion. Artif Intell Rev 42:21–57

Laroche M, Bergeron J, Barbaro-Forleo G (2001) Targeting consumers 
who are willing to pay more for environmentally friendly prod-
ucts. J Consum Mark 18(6):503–520

Mallick R, Manna AK, Mondal SK (2018) A supply chain model for 
imperfect production system with stochastic lead time demand. J 
Manag Anal 5(4):309–333

Mandal M, Roy TK, Maiti M (1998) A fuzzy inventory model of dete-
riorating items with stock-dependent demand under limited stor-
age space. Opsearch 35(4):323–337

Manna AK, Das B, Dey JK, Mondal SK (2017) Multi-item EPQ model 
with learning effect on imperfect production over fuzzy-random 
planning horizon. J Manag Anal 4(1):80–110

Manna AK, Das B, Dey JK, Mondal SK (2018) An EPQ model with 
promotional demand in random planning horizon: population var-
ying genetic algorithm approach. J Intell Manuf 29(7):1515–1531

Mao W, Lan H, Li H (2015) A new modified artificial bee colony 
algorithm with exponential function adaptive steps. Int J Supply 
Oper Manag 3:260–278

Mishra U, Cárdenas-Barrón LE, Tiwari S, Shaikh AA, Treviño-Garza 
G (2017) An inventory model under price and stock dependent 
demand for controllable deterioration rate with shortages and pres-
ervation technology investment. Ann Oper Res 254(1–2):165–190

Moghdani R, Sana SS, Shahbandarzadeh H (2020) Multi-item fuzzy 
economic production quantity model with multiple deliveries. Soft 
Comput 24(14):10363–10387

Moheimani A, Sheikh R, Hosseini SMH, Sana SS (2021b) Assess-
ing the agility of hospitals in disaster management: application 

https://doi.org/10.1007/s00500-020-05535-x
https://doi.org/10.1016/j.jclepro.2020.125734
https://doi.org/10.1016/j.jclepro.2020.125734
https://doi.org/10.1108/ICS-02-2020-0028
https://doi.org/10.1108/ICS-02-2020-0028


Int J  Syst  Assur  Eng  Manag	

1 3

of interval type-2 fuzzy Flowsort inference system. Soft Comput 
25(5):3955–3974

Moheimani A, Sheikh R, Hosseini SMH, Sana SS (2021a) Assess-
ing the preparedness of hospitals facing disasters using the rough 
set theory: guidelines for more preparedness to cope with the 
COVID-19. Int J Syst Sci: Oper Logist 1–16

Mullai M, Surya R (2020) Neutrosophic Inventory Backorder Problem 
Using Triangular Neutrosophic Numbers. Neutrosophic Sets Syst 
31:1. https://​digit​alrep​osito​ry.​unm.​edu/​nss_​journ​al/​vol31/​iss1/ 11

Mullai M, Broumi S (2018) Neutrosophic inventory model without 
shortages. Asian J Math Comput Res 23(4):214–219

Mullai M, Surya R (2018) Neutrosophic EOQ model with price breaks. 
Neutrosophic Sets Syst 19:24–29

Pal H, Bardhan S, Giri BC (2018) Optimal replenishment policy for 
non-instantaneously perishable items with preservation technol-
ogy and random deterioration start time. Int J Manag Sci Eng 
Manag 13(3):188–199

Pan Q-K, Tasgetiren MF, Suganthan PN, Chua TJ (2011) A Discrete 
artificial bee colony algorithm for the lot-streaming flow shop 
scheduling problem. Inf Sci 181(12):2455–2468. https://​doi.​org/​
10.​1016/j.​ins.​2009.​12.​025

Porteus EL (1986) Optimal lot sizing, process quality improvement and 
setup cost reduction. Oper Res 34:137–144

Priyan S, Uthayakumar R (2016) Economic design of multi-echelon 
inventory system with variable lead time and service level con-
straint in a fuzzy cost environment. Fuzzy Inf Eng 8(4):465–511

Rahman MS, Manna AK, Shaikh AA, Bhunia AK (2020) An application 
of interval differential equation on a production inventory model with 
interval-valued demand via center-radius optimization technique and 
particle swarm optimization. Int J Intell Syst 35(8):1280–1326

Sana SS (2020) Price competition between green and non green prod-
ucts under corporate social responsible firm. J Retail Consum 
Serv 55:102118

Shaikh AA, Panda GC, Sahu S, Das AK (2019a) Economic order quan-
tity model for deteriorating item with preservation technology in 
time dependent demand with partial backlogging and trade credit. 
Int J Logist Syst Manag 32(1):1–24

Shaikh AA, Cardenas-Barron LE, Tiwari S (2019b) A two-warehouse 
inventory model for non-instantaneous deteriorating items with 
interval-valued inventory costs and stock-dependent demand under 
inflationary conditions. Neural Comput Appl 31(6):1931–1948

Shaikh AA, Bhunia AK, Cárdenas-Barrón LE, Sahoo L, Tiwari S 
(2018) A fuzzy inventory model for a deteriorating item with 

variable demand, permissible delay in payments and partial back-
logging with shortage follows inventory (SFI) policy. Int J Fuzzy 
Syst 20(5):1606–1623

Souri ME, Sheikh R, Sajjadian F, Sana SS (2021) Product acceptance: 
service preference based on e-service quality using g-rough set 
theory. Int J Ind Syst Eng 37(4):527–543

Supakar P, Mahato SK (2018) Fuzzy-stochastic advance payment 
inventory model having no shortage and with uniform demand 
using ABC algorithm. Int J Appl Comput Math 4(4):2349–5130

Supakar P, Mahato SK (2020) An EPQ model with time proportion 
deterioration and ramp type demand under different payment 
schemes with fuzzy uncertainties. Int J Syst Sci: Oper Logist. 
https://​doi.​org/​10.​1080/​23302​674.​2020.​18265​94

Taleizadeh AA, Nikpour S, Zarei M (2009) Constraint joint-replen-
ishment inventory control problem with fuzzy rough demand. J 
Appl Sci 9:627–638

Ullah M, Sarkar B, Asghar I (2019) Effects of preservation technology 
investment on waste generation in a two-echelon supply chain 
model. Math 7(2):189. https://​doi.​org/​10.​3390/​math7​020189

Xiang WL, Ma SF, An MQ (2014) Habcde: a hybrid evolutionary 
algorithm based on artificial bee colony algorithm and differential 
evolution. Appl Math Comput 238:370386

Yan YK, Yazdanifard R (2014) The concept of green marketing and 
green product development on consumer buying approach. Glob 
J Comm Manag Perspect 3:33–38

Yang CT, Dye CY, Ding JF (2015) Optimal dynamic trade credit and 
preservation technology allocation for a deteriorating inventory 
model. Comput Ind Eng 87:356–369

Zarafshan E, Toroghi SR, Sheikh R, Sana SS (2021) The analysis and inter-
pretation of quality cost using rough set theory: a case study from the 
ceramic industry. Int J Serv Comput Orient Mfg 4(1):11–31

Zhang J, Bai Z, Tang W (2014) Optimal pricing policy for deteriorat-
ing items with preservation technology investment. J Ind Manag 
Opt 10(4):1261–1277

Zhang J, Wei Q, Zhang Q, Tang W (2016) Pricing, service and preser-
vation technology investments policy for deteriorating items under 
common resource constraints. Comput Ind Eng 95:1–9

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://digitalrepository.unm.edu/nss_journal/vol31/iss1/
https://doi.org/10.1016/j.ins.2009.12.025
https://doi.org/10.1016/j.ins.2009.12.025
https://doi.org/10.1080/23302674.2020.1826594
https://doi.org/10.3390/math7020189

	Application of artificial bee colony algorithm on a green production inventory problem with preservation for deteriorating items in neutrosophic fuzzy environment
	Abstract 
	1 Introduction
	2 Research gap and contributions
	3 Basic concepts of neutrosophic set
	3.1 Neutrosophic set (NSS)
	3.2 Single valued neutrosophic set (SVNS)
	3.3 Single valued pentagonal neutrosophic number (SVPNN)
	3.4 Crispification of linear neutrosophic pentagonal number

	4 Notation and assumptions
	5 Notation
	5.1 Assumptions

	6 Model description and formulation
	6.1 Crisp model
	6.2 Neutrosophic model
	6.3 Crispified model

	7 Solution methodology
	8 Numerical experiments
	9 Sensitivity analysis
	10 Managerial insights
	11 Conclusion and future scope of research
	Acknowledgements 
	References




