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AbstractThis paper demonstrates a neutrosophic inventory control problem with an
immediate return for deficient items by employing two types of neutrosophic numbers,
namely triangular neutrosophic numbers and trapezoidal neutrosophic numbers. The
neutrosophic perfective rate, neutrosophic demand rate, and neutrosophic purchasing
cost are fuzzified as triangular neutrosophic numbers and trapezoidal neutrosophic
numbers are also furnished. The optimum order quantity is acquired in neutrosophic
sense with the assist of median rule. The proposed model is illustrated with appropriate
instance.
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1. Introduction

Chang(2004)gave an application of fuzzy sets theory to the EOQ model with imperfect
quality items. The inventory problem for items received with imperfect quality was
investigated. Eroglu and Ozdemir (2007)developed an EOQ model for each ordered lot
contains some defective items and shortage backordered. \Wee et al. (2007)published an
article in an optimal inventory model for items with imperfect quality and shortage
backordering. This paper assumed that all customers are willing to wait for a new supply
where there is a shortage. Ranganathan and Thirunavukarasu (2015)developed a fuzzy
inventory model under immediate return for deficient items. Mullai and Broumi
(2018)proposed neutrosophic inventory model without shortages. Smarandache
(2006)introduced neutrosophic set and neutrosophic logic by considering the non-
standard analysis. In this paper is to explore the inventory control problem with
immediate return for deficient items in neutrosophic senses, including neutrosophic
perfective rate, neutrosophic demand rate and neutrosophic purchasing cost and then

© 2020 The Authors.
Published by Firouzabad Institute of Higher Education, Firouzabad, Fars, Iran


https://doi.org/10.7232/aotp.2017.16.1.001

2 Ann Opt The Prac (AOTP), 2020, Vol. 3, No. 4

determine the neutrosophic optimal order quantity. Finally, a numerical example is
provided to illustrate the proposed model.

2. NOTATIONS AND ASSUMPTIONS
A. Notations

DN- Neutrosophic demand rate (unit/per year)
sN- Neutrosophic selling price per unit (sN> c)

cN- Neutrosophic purchasing cost per unit

bN- Neutrosophic holding cost rate per unit/per unit time
hN- Neutrosophic holding cost per unit/per unit time, hN = bN¢N
aN- Neutrosophic ordering cost per order

gN- Neutrosophic perfective rate for each order

pN- Neutrosophic deficient rate for each order (pN = 1-gqV)
eN- Neutrosophic screening rate (unit/per year)

wN- Neutrosophic screening cost per unit

QN- Neutrosophic order size

TN- Neutrosophic cycle length

B. Assumptions

* In the starting of every neutrosophic inventory cycle, a neutrosophic lot size of Q is
renewed instantaneously.

* The screening of the neutrosophic lot will begin at time tN; and will be finished at time
tNe. The neutrosophic screening and neutrosophic demand proceed simultaneously, and
the neutrosophic screening rate is greater than the neutrosophic demand rate (i.e.,eN>
DN).

* At the time of screening, if any item is found to be deficient, then it will be returned to
the supplier immediately.

* To avoid shortages, assume that the wide variety of good items is at least equal to the
neutrosophic demand at some stage in the screening process. This leads to

eN=> DV/gN.

* All other assumptions are available within the neutrosophic EOQ model.
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3. MODEL DESCRIPTION

This section contains the neutrosophic triangular method and neutrosophic trapezoidal
method for finding optimal order quantity.

C. Triangular method

In this model, we assume that neutrosophic perfective rate, neutrosophic demand rate
and neutrosophic purchasing cost are in triangular neutrosophic numbers with
parameters: g, DN, CN.

Suppose, g™ = (g1, V2, qV3) (@'Y, ™2, a'%) (@Y, o2, q"'F
DN = (dNy, dNy, dN) ('Y, dNp, ') (@Y, dNp, dY)
e = (Mg, M, eNg) (€], M, €F) (€Y, e ¢7F

Then, the corresponding neutrosophic total profit (PN(Q)) is as follows:Ranganathan and
Thirunavukarasu (2015)

N — <NpPN N Ny VN ANy vy 2N A Ny (2 NY(PN__gN
PRQ) = "DV - (C"®@D)+F(C'"®DYN-——(C"® q")-(5 +w")(D"+q")-
b N
Z4-(C'R(D"+ qV))

The neutrosophic total relevance cost can be formulated as,

PY(Q) = SH((Merd (e Yorclod ")) - [((SMict
SO+ e NV (A Q)+ Y 0N Y

HCNH NG +(C N+ )+ (AN AN NG+ (Y +dN+d D))

NAN
b—Q[((CN1+CNz+CNs)+(C"N +C“z+C"N NH(A oA+ gN)+(Q Y +aM+q ' 5)]- (

N dy  dy d”l du3
W) [ty )+(q,, D Tl
bNQN C1 d1 _ch d2 €3 d3 crry dlll L€ dz J_cu3 du3
2eN L( ! ! ) ( N ' )]
1 QZ Q3 CI” qz Q”

The defuzzified neutrosophic total relevance cost is given by
PN(Q) =5 {sM((dr+2dV+aNs)+(d Y +2dMp+d ")) -

[((cN1+2cN4+CN)+(c" N +2¢No+¢" N ))+((dNg+2dN+dNg) +(d 'Y +2dNo+d 'Y )]+ [((c’\‘1+2
cNo+CNg)+(C" Y +2cN+¢"Y))+((dN 1 +2dN+dNg) +(d" Y +2dN+d"'Y))]-

bN N
; [((CN1+20N2+CN3)+(C”N+26Nz+C”N))+((q 1+20"N2+q")+(q"Y +20"N2+ " 5)]- (
N
N d_l _ dz dll du3
w )[( ek q,,N)J
Cl dl L'z dz J_C3 d3 crry dll Cz dz J_(3113 du3
R L  aaaer ) |
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By taking the derivative D(PN(Q)) and equating it to zero, we have

1 pN
8

c 3q )+(CIIN ”N+ZCN2q 2+C”N HN))

[((CNldN1+ZCN2dN2+CN3dN3)+(C”Nd”11\]+ZCN2dN2+C”I3Vd"I3V))-eN((CquN1+2CN2qN2+

(C1 vay J_2‘52 yay 163 ds) (C"l d”1+ cpay 4’3 d”3 )]+ al\;v(ﬂ ay .d3 (d”l Zdz .d”3 )} 0
o " a  af ad T ey T2 2ty
=
1.V 1

N, 4N N_AN N_AN I'N yI'N N
N (((q{"+zq2 +q3)+(q”N+2qé\,+q”N)))[( cNidN1+2cNodNo+cNadNg) +(c Y d'Y +2cNod N+ Y

s Py
d"¥))-eN((c 1CI12 +2c ZQ22 +C SQ32 )+(c"Ya"% +2CNZQ22N+C”13\.IQHZ ))-
((cNadNy+2cN 2C|N2+C 3dN3)+(c"11Vd”11V+2c od

N N
N, //NduN + 2,d3 d”1. dj d”3 0
)] ( v qév) (q,, T v} =
=
aV alV dz al. anly d2 a1 pN 1 N 4N
-2 (=L } + } c™id +2CN2
BQZN(CI;ILV qy )(q" ay qr y)= 82eN (N +2q) +al)+(q Y +24Y +q"’3")))[(( =
dN2+cN3dN3)+(c”Nd”N+2c hdNo+c' Y d"Y))-eN((c
N
Mgy +2cMaq, 2" +cMags? )+ Y 03 +2cMg, 2 +c Vg E)-
((CNldN1+2CN2dN2+CN3dN3)+(C”11Vd”11V+2CN2C|N2+C”Nd”N))]
=
2 ) (S S 2T ) -
QZN q11V qé\l qév q1111V qé\l qu ZaN N qév qu 9’ qu

((qN1+2qu+qNs)+(q”9’+2qNz+q”N)))((dN1+2sz+d
No)+(d" Y +2dN+d"Y ))+eN((q: 2" +24,2" +q32" ) +(@"Z +2q,% +q"2 )]},

we get

QN:\/é )

where, A=2ae" () +2d} +d}) + (a"} + 24} +d"})),

B= bY((cf +2¢7 + i)+ (") +2¢) +"INIA ~ (a7 + ZQ2 + g5 ) +(q"Y +
2qY + q”N)))((dN + 2dY +ad¥y + (d"V + 2dY +d"¥)) + e"’((q1 + 2q2 +

N " n N
3"+ (@2 +2¢2" +q"3H]

D. Trapezoidal method

Leto™ = (a"n 0" o', q") (a7, 0’7, 05, a'F) (@Y, 9”2, 9”5, 0”4
= (dNydNy, dNg, dNg) ('Y, A, A, dY) (@, 07, a7, )

cN = (cNy, ey, Ny, cNg) ('Y, L 'Y, ) ('Y, YL YL e
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Then, the corresponding neutrosophic total profit (PN(Q)) is as follows:Ranganathan and
Thirunavukarasu (2015)

PNQ = DV - (C'® D')+L2(C'® DMLLC'® M-y +wh)(DM+ oY)
= T

The neutrosophic total relevance cost can be formulated as,

P* (@)=
4
bQ bQ a d,N bQ C'Nd-N
AN e NgN f X NgN _ZX N _N_<_ ) i bQcld;
Z(S G adn g 2 Q+W "  2e gV )
4
' B , bQ , , bQ , , a d.IN
+Z(sdiN_Ci NdiN"'ZCi NdiN_TCiNCIiN_(a"‘W)CIZIN
=1
_bQaMa,"
2e q;'N
4

" " b 7 b
+ Z(Sdi N _ Ci”Ndi N + %Ci”Ndi N _TQC’:HNCI’:HN

(a n ) di”N bQ Ci”Ndi”N
—(=—+w -
Q q'"N  2e q"N

The defuzzified neutrosophic total relevance cost is given by

bQ bQ a;V  bocNaN
P Q=5 [ B (sdi - cl-NdiN+;ciNdiN—;ciNqiN—(f+w);——cl—l)+

Q ai¥  2e qN
I'N I'N ; I'N

"N 1"N 3 "N bQ N ;1IN bQ //N a di bQCl d;
i=a(sdi™ = ¢"Nd" + "N 4" =G+ W) w5 g ) ]

By taking the derivative D(PN(Q)) and equating it to zero, we have

N N
CNle i !

N el + ety Mgl + ey - ooy A
i=1 q q

i i

du

+2n @+ =0

82 12eN(q +q~zv>[(ciNdi”+c"§“d"?’)—eN(cﬁql +erq -
i=

(c'd + "Y'+ on (N Z:; )=0

aN dN d”N IIN nN
821 IQZ ”N 821— ZeN q +q HN)[(CNdN i d"i)
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N
NN, 2N 1IN 11 2 N N N 1IN J1IN 1IN
—et(ciqi” +c'iq" " ) (qidiq +cid g

1 Ot (dgv N d”’i")
=N —wt N
QN Luizr g g}

bY * CiN C”Iiv N N N N
= aver 2, (Gt ol = @ + el +a)
N
+e @ +q"" D
we get,
oV (2)
i, 2aVe (@) +d")
rn n n n N
Ly (e +DIA = @ +q"TNEY +d"Y) + eV g + ¢ )]

4. NUMERICAL EXAMPLE

A firm desires to estimate the EOQ. But, the firm has coverage with immediately return
for deficient items. The business enterprise expected that the annual demand(D) is likely
to be 45000 units per year. The purchasing cost (c) is approximately 20 per order, and
the perfective rate (q) is 0.95 for every order and the deficient rate (p) is 0.05 for every
order. The ordering cost (a) is projected to be around 100 per order, holding cost (b) is
estimated to be around 0.25 per unit, the selling price (s) is 175200 and the screening
cost (w) is 0.5.

Solution:

The optimal order quantity for crisp set, fuzzy set, intuitionistic fuzzy set and
neutrosophic set are calculated and tabulated as follows:

Tablel. Optimal order quantity by using triangular number

Crisp Set Fuzzy Set Intuitionistic Fuzzy Neutrosophic Set
Set

(43000, 45000,
46000)

(43000, (43000, 45000, 46000) (41000, 45000,
D 45000 45000, 48000
46000) (41000, 45000, 48000) )

(39000, 45000,
50000)
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Tablel.Continued

. Intuitionistic Neutrosophic
Crisp Set Fuzzy Set Fuzzy Set Set
(0.75, 0.95,
(0.75, 0.95, 1.05)
(0.75, 0.95, 1.05) (0.35, 0.95,
Q 0.95 1.05) (0.35, 0.95, 1.15)
1.15) (0.15, 0.95,
1.35)
(18, 20, 21) (18, 20, 21)
C 20 (18, 20, 21) (16, 20, 23) (16, 20, 23)
(14, 20, 25) (14, 20, 25)
Optimal order
quantity 1376.49 518.864 222.83 215.637
Table:2 Optimal order quantity by using trapezoidal number
Cg:astp Fuzzy Set In;ldlzt;;n;tt'c Neutrosophic Set
(43000, 44000,
46000, 47000)
(43000, 44000,
46000, 47000)
(43000, 44000, (41000, 42000,
D 45000 46000, 47000) 48000, 49000)
(41000, 42000,
48000, 49000)
(39000, 40000,
50000, 51000)
(0.75, 0.85, 1.05, (0.75,0.85,1.05,
1.15) 1.15)
(0.75, 0.85, (0.35, 0.65, 0.95,
Q 0.95 1.05, 1.15) 1.25)
(0.35, ff:)' 0.95, (0.15, 0.55, 1.35,
: 1.75)
(18,19, 21, 22)
(18,19, 21, 22)
C 20 | (18,19,21,22) (16,17, 23, 24)
(16,17, 23, 24)
(14, 15, 25, 26)
Optimal order
quantity 1376.49 509.64 215.165 208.918
© 2020 The Authors.
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5. SENSITIVITY ANALYSIS AND OBSERVATIONS

In this section, the analysis of optimal order quantity for crisp set, fuzzy set, intuitionistic
fuzzy set and neutrosophic set is analysed from tables 1 & 2 and the results are compared
graphically.

Figure 1. Sensitivity Analysis for crisp set, fuzzy set, intuitionistic fuzzy set and
neutrosophic set by using triangular method

crisp fuzzy Intuitionistic fuzzy Meutrosophic set

Figure 2. Sensitivity Analysis for crisp set, fuzzy set, intuitionistic fuzzy set and
neutrosophic set by using trapezoidal method

Observations from Sensitivity Analysis:

* From the above analysis, we observed that neutrosophic set gives the better solution
to optimal order quantity than a crisp set, fuzzy set and intuitionistic fuzzy set.
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« It is also analyzed that the trapezoidal neutrosophic method gives a better solution for
optimal order quantity compared with the triangular neutrosophic method.

* From figures, it is observed that neutrosophic optimal order quantity is low.

6. CONCLUSION

The inventory control problem with immediate return for deficient items in neutrosophic
senses is introduced in this paper. For neutrosophic model, the neutrosophic perfective
rate, neutrosophic demand rate and neutrosophic purchasing cost are calculated by
triangular and trapezoidal neutrosophic numbers. The median rule is used for
defuzzification and the neutrosophic optimal order quantity is derived by both triangular
and trapezoidal neutrosophic numbers. From the analysis, trapezoidal neutrosophic
number gives the better solution for optimal order quantity compared with triangular
neutrosophic number. To maintain the stock level of neutrosophic inventory and to
increase total neutrosophic profit, trapezoidal neutrosophic method is highly beneficial.
The proposed model is very useful than other existing models for all companies to
maintain the level of inventory under immediate return for deficient items.
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