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OPTIMAL MANAGEMENT OF PRODUCTION STOCKS WITH
THE NEUTROSOPHIC FUZZY NUMBERS

Abstract. The paper aims to shape the companies' production stocks using
fuzzy neutrosophic numbers. The stock modeling using neutrosophic and triangular
fuzzy numbers improves the company's financial performance, new indicators being
proposed, such as: the optimal quantity of stocks, the cost minimization function, the
cost of placing order, and the cost of storing a purchased unit of product. The
significant advantage of shaping stocks management using fuzzy neutrosophic
numbers is that it allows companies to determine the optimal quantities of stocks to
be supplied using nonlinear mathematical programming algorithms. The innovative
models for determining the optimal quantity of stocks are structured in two
categories, namely: optimal stock supply models with fuzzy neutrosophic variables,
with a single product, a constant demand, with out-of-stock, as well as models of
optimal supply of stocks, with fuzzy neutrosophic variables, with several products, a
constant demand and with out-of-stock. Both models use algorithms specific to
nonlinear mathematical programming and provide a complete picture of the
companies' stocks acquisition strategies needed for its operational activity. Finally,
the results obtained from the modeling/simulation validate the operationalisation of
the stock models presented and the modern foundation of companies' decisions on
stock performance indicators.
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optimisation stock models, triangular fuzzy numbers, storage management
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1. Introduction

The optimal management of companies’ current production assets,
especially those in the stock’s category, is a company's strategic objective. For the
operational activity, most of a company's expenditure is accounted for by stocks
expenditure because it underpins the technological processes of companies to obtain
finished products. Furthermore, the stock decisions directly impact the performance
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of companies in terms of cash or benefits (Bogdan et al., 2017). Stocks expenses also
account for a significant share of the total operating expenses of companies. Hence,
the study of optimisation issues is of strategic importance for the foundation of any
company's decisions. The high importance of the information provided by financial
and managerial accounting in the stocks management decision-making process is
shown by Scorte and Farcag (2013).

The stocks management decisions are of high importance when talking
about factors that affect the performance of companies. The literature has developed
stock models that allow the calculation of stock performance indicators. However,
these performance indicators do not contain enough information on the probability
of achievement or non-achievement performance indicators using neutrosophic
fuzzy numbers, and the probability of their uncertainty, also determined using
neutrosophic fuzzy numbers.

In the category of their stocks acquisition, the costs of placing an order (c;),
storing a unit of purchased products (cs), and the penalty cost for the lack of a stock
unit (cp). These cost categories determine the optimal quantities of stocks to be
released by an order (g7), the number of orders (k) placed over a period T. The
optimal amount of stocks originally existing (g;), cost minimisation functions
fC(qz, q;), allow the minimum cost value of a company to be determined so that
the costs generated by stock formation, regardless of their nature, have a positive
impact on the company's performance.

As a result, the literature has established and founded the stock models
(Paterson et al., 2010) consisting of a single product or several products, with or
without out-of-stock, modeled in the present paper using neutrosophic fuzzy
numbers. Their general objective is to minimise the overall cost function fC(q7, q;),
conditioned on company-specific constraints. For example, the storage capacity
depends on the storage area (c;) for each product and the total storage capacity
available to the company.

In this context, this research paper aims to improve the foundation of the
decision to optimally train stocks by shaping them using fuzzy neutrosophic
triangular numbers. Therefore, the performance parameters of the stocks are in the
form (Gc; wgr, ug:, yg:) for the optimal quantity of stocks in order, or
(q;; wq;,uq;,yq;) for the optimal quantity of stocks originally existing. Also, the
cost minimisation function fC((q;; W Ugs) uq;); (G:; W, uﬁ;,yﬁlf)) as a result, the
stock modeling using neutrosophic fuzzy numbers must improve the company's
financial performance. In addition, other specific components of the calculation such
as the cost of placing order (c;), the cost of storing a purchased unit of product (cs),
or penalty cost (cp) are modeled using fuzzy triangular numbers to improve the
foundation of decisions in the process of forming current assets.

The performance indicators of the stocks are supplemented with additional
information specific to the fuzzy neutrosophic numbers, respectively, with the
probability of achievement( w,-) their probability of uncertainty (u,-) or non-
achievement(yq*). Thus, fuzzy triangular neutrosophic numbers solve the problem

22



Optimal Management of Production Stocks with the Neutrosophic Fuzzy Numbers

of completing stock performance indicators with information specific to
neutrosophic fuzzy numbers on probabilities of achievement/non-achievement and
uncertainty necessary for the decision-making process. In contrast, simple triangular
fuzzy numbers solve the problem of belonging specific costs to the cost classes
assessed by the linguistic terms.

The stock models presented in this article have an innovative approach
because they use the fuzzy neutrosophic triangular numbers and nonlinear
mathematical programming to model performance indicators specific to production
stocks. Finally, the results obtained from the modeling/simulation validate the
operationalisation of the stock models presented and the modern basis of decisions
on stock performance indicators.

2. Literature review

The optimal stocks management is an important research topic because it
directly affects the financial performance of companies in the medium and long term.
Over the years, researchers worldwide have dedicated their attention to studying this
topic for studying this critical field of operational activity of companies, with 825
ISI scientific papers already being recorded in the WoS database in April 2023,
including the keywords in their subject: "optimal management of production stocks".
The first article published on this topic of research appeared in 1992 and, as of 2007,
their number increased significantly, as shown in Figure no.1.

Figure 1. The evolution of studies published in ISI journals on the topic ‘optimal
management of production stocks' from 1991 to 2021

Most of the ISI articles shown in figure 1 fall into the following areas of
research: operations research management science (30%), engineering manufacturing
(15%), engineering industrial (12%), management (11%), economics (7%). About the
country where the authors of the articles come from, the USA ranks first with 24% of
all scientific studies published in WoS, followed by China (13%), Australia (9%),
France (6%), Canada (5%), Spain, Germany, Italy, England (4%).

In this section, the most important articles related to optimal stock
management are presented. Fahimnia et al. (2015) reviewed the existing quantitative
models in the literature to manage stock supply chain risks. The authors conclude that
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supply chain risk is being thoroughly researched. Also, in his work on liquidity
management, Michalski (2010) states that there must be a sufficient balance between
cash and production assets in the form of receivables and stocks. If the level of
production assets is not appropriate for its business, it increases its operational risk
through loss of liquidity (Chen et al., 2011).

Although Su and Lin (2015) analysed the problems caused by order-based
production by developing a fuzzy multi-objective linear programming model, the
authors managed to solve the problems of procurement, production, planning
decisions with fuzzy, multi-component, multi-supplier, multi-source, and multi-
machine environments, within recoverable remanufacturing systems. Altendorfer
(2018) developed an analytical model to optimise the planning parameters of the
stochastic production batch with several items and limited capacity. The main
findings are that the optimal size of the production batch and the reserve stock are
directly correlated with the storage capacity and the rate order related to those items.
A few vyears later, the authors Tavaghof-Gigloo and Minner (2020) conducted an
experimental study by comparing the performance of the integrated model of solving
the problem of stochastic sizing of the production batch with the sequential approach.
The authors conclude that the performance of the integrated model is indirectly
influenced by the target service level.

In their paper, Sodenkamp et al. (2016) integrate multi-criteria decision
analysis and linear programming into stock management. The authors maximise the
total value of purchases by optimising the allocation of orders to suppliers, applying
the proposed model on selecting contractors, and allocating orders in an agricultural
commodity trading company. Also, in their research paper, Woerner et al. (2018)
develop an algorithm to find the optimal capacity allocation and the level of the
reserve stock to minimise the costs of storing the products. Mula et al. (2014)
proposed fuzzy mathematical programming to plan the supply chain's production in
a multi-product, multi-plant environment with fuzzy capacity constraints. Innovative
stocks management models have been developed by Bouchery et al. (2012), Mousavi
et al. (2012), Keshavarz Ghorabaee et al. (2015), He et al. (2018, 2020), Pan and
Yang (2008).

So, the models that allow calculations using mathematical programming,
fuzzy logic, and neutrosophic numbers regarding the companies' performance
indicators have aroused the researchers' interest and are described by the specialised
literature. Thus, the evolution of using neutrosophic sets starts from the concept of a
neutrosophic set that goes beyond the difficulties of fuzzy and fuzzy intuitive sets
and becomes helpful in all fields of science and engineering.

There are several situations where the multi-criterial decision-making
process works with uncertain, imprecise, and inconsistent information. However,
Bausys et al. (2015) and Bausys and Zaadskas (2015) developed the COPRAS
method to solve decision-making problems in the context of the neutrosophic set.
Wang and Wang (2019) propose and validate in their research an extended VIKOR
method for the interval of neutrosophic numbers. Aydin et al. (2018) presented the
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use of neutrosophic logic to evaluate the most profitable investment options for a
company. In order to overcome the difficulties in defining the functions belonging
to the investment parameters, they developed a simplified method of analysing the
neutrosophic present value. In their paper, Khalifa and Kumar (2020) solved a
neutrosophic linear programming problem with single value neutrosophic numbers.
The score-based method applied to a portfolio of shares was proposed.

Neutrosophic numbers can also be applied in economics to decision-making
when the ambiguity or complexity of attributes make it impossible to assess
problems with real numbers (Khan et al. (2018); Stanujkic et al. (2019); Bolos et al.
(2019).

3. Prerequisites

The indicators specific to production stocks are diverse such as the total
guantity of products{@}, the number of products in an order {g}, the number of specific
orders (k), the period-specific to an order (t), the categories of costs specific to the
supply with specific costs (ci) as well as other categories of specific indicators that are
used in the modeling process. Two fuzzy number categories will be used to model
stocks management-specific indicators: neutrosophic fuzzy numbers and fuzzy
triangular numbers.

3.1. Neutrosophic fuzzy numbers used in stocks production modeling

Neutrosophic fuzzy numbers, as opposed to classical fuzzy numbers, have
specifics that they contain additional information about the probability of achieving a
specific stocks management indicator denoted by(w;i), the probability of uncertainty
of a specific stocks management indicator denoted by (u;i), as well as the probability
of non-achievement of a specific stocks management indicator denoted by (YTi)- These
neutrosophic fuzzy number probabilities are attached to the determined membership

functions for stocks management-specific indicators and provide additional
information for the optimal stock management decision-making process.

Definition 1: Either the universe of speech, the multitude of total quantities of products
{0} and the quantities of products in an order {g} and F[0,1] set of rules for all fuzzy
neutrosophic triangular numbers. We say the fuzzy number (Q; wg, UG, Yg) and
respectively (Gc; wg,, ug,, Vg,.) is called a neutrosophic triangular number of the total
quantity of products/quantity of products in order of Q/gG.={(Q/
e Mé/qc'ﬁé/dc' AQ/Q) Q/qc € Q/QC} where Ha/q. Q/q. = [0,1]; Vgt Q/qc =
[0,1] si 45,4,: @/qc — [0,1] for which membership functions are defined following

the relationships below:
Membership function for the total quantities/quantities in a product order most
likely to be needed (achievement) (10 /g, ) (truth membership).
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9Q/Gcyy = 4 u5,30(0/cy=0/dcy) ~ 2

5 < da < {fa
Q/QCcl—Q/QCbl fOT' Q/qcbl = Q/qc‘x = Q/qccl
kO for any values outside the range [Q/qccl; Q/qcal]

Membership function for the total quantities/quantities in a product order with

the lowest probability of need (achievement) (1Q /g )(falsity membership)
( yQ/qC(Q/qu Q/qcal)

N/Gg. <0/G. <0/d
/2es—0/Tern forQ/Gcy, <Q/q4c, <Q/qcy,
lé/~ _ 4 yQ/qCQCfor Q/qcx = Q/C~ch1 (3)
U T vy @ldca-0/acy) =

5 < fa < f/a
Q./QCcl—Q./QCbl fOT' Q/qcbl = Q/qu = Q/qccl
kO for any values outside the range [Q/qccl; Q/qu]
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Figure 2. Fuzzy triangular neutrosophic number for shaping product quantities Q/q

Based on the membership functions, and the degrees of belonging of the two
specific indicators are established, namely the total quantity of products, as well as the
specific quantities in an order that w(lrll contain aZdltlonaI |r>fo mation regarding the

probablllty (uQ/qC)(yQ qc) ﬂQ/QC(x) ﬁQ/Qc Q/qc ) {Q}{CI} of

realization, (wQ /i ) the robabl ity of uncertainty uQ /g.) as well as i probability
of non-realisation (yQ /i 3
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3.2. Triangular fuzzy numbers used in stocks production modeling

The use of fuzzy triangular numbers in modeling stock management has
several advantages over the classical methods, among which we mention: allowing
the transformation of stocks’ indicators with different units of measurement into
specific indicators comparable to the same unit of measurement; allowing the use of
non-financial indicators in modeling the production stocks with the linguistic terms;
allowing the clustering of indicators specific to production stocks by classes of
importance/size.

Definition 2: Let the discourse universe be the set of specific costs for sourcing
production stocks and F[0,1] set of rules for all {c;} fuzzy triangular numbers. We
say that the triangular fuzzy number [0,1]c;: {c;, puc,} With has the function of

belonging defined by the form:u.:¢; - [0,1]

Cix~Ciga
( —x 4l pentruc; . < ¢ < ¢
Cip1—Cigy lal lx lh1
Cip, PENLTU G = Cip) @
e = Ci.—Ci
2 —te1 i pentruc;,. < ¢ < ¢
Cic1=Cip1 b1 x cl

I
kO for any values outside the range [cicl; Cia1]

1;
Hieiy

[ L= Cipy L L= ©x

Figure 3. Triangular fuzzy number used in modeling optimal stock management

From Figure 3, it is noticed that for each fuzzy triangular number of the
shape c;: { Cis yci} one can define its function of belonging, which has the advantage
that for each value of the specific cost for the supply of stocks, one can determine
the degree of belonging to a class of fuzzy numbers with the help of the function of
belonging p,;: ¢; = [0,1]p,.

4. Stocks optimisation model with neutrosophic fuzzy variables
4.1. A single product, and out of stock

The stocks optimisation model has a single product in its structure, the
demand is constant, and the optimisation variables are neutrosophic fuzzy variables.
The ultimate goal of the model is to determine the optimal order (g;; Wiss uﬁé'yc72>
quantity, the initial quantity existing in stock (q;;wg:, ug:, v4:)as well as the

optimal cost function of the form fC((d:; waz ugs Va:); (q{‘;wq;,uq;,yq;)). The
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model with fuzzy neutrosophic variables, with out of stock, with a single product,
considers the following hypotheses:

Hypothesis 1: The total quantity by which the supply of products is made over a
period (T) is denoted with (Q;WQ,u@,yQ), where demand for products on the
market is considered constant. The quantity in order is unknown, but the same each
time is marked with (gG.; wg,,ug,,¥g,) and takes place over a period (t), of
(k) times. Periods (t) specific to order are part of period (T).

Between the total quantity of products (Q;wé,u@,yg) required over the
period (T), and the number of products in an order (G.; wg,, ug,, ¥5,.) the equational
models of the shape are formed: k = N _ M 5)

€y AGwguqeyg)
Hypothesis 2: The quantity of products in stock at the beginning of each supply
period is the same and shall be noted (g;; wg,, ug,, ¥4,)- The quantity of products in
stock is quantified with a specific frequency after replenishing the stocks necessary
for the company's current activity. The probability of achievement is (wa.), the

probability of uncertainty is (uz,), and the probability of non-achievement (yz, ).

Hypothesis 3: The cost of placing an order is noted with (¢;) and is a simple
triangular fuzzy number of the shape c;: {c;, ue,} With pg,: ¢, = [0,1] with the
membership function defined by the form:

( —Czl:l—cl:ll forc,,, <c, <c,,

ver = Cupy fOT Cry = €y

l - Cl.4—Cl

(€9) —et I for Clyy S €, S Gy
Cle1™Clpy * ¢

(6)

0 for any values outside the range [clcl; Clal]

Hypothesis 4: The average cost of storing the number of products is determined by
the average quantity of products existing on stock (g;; wg,, ug,, ¥g,), the unit cost of
storage ¢ which is a triangular fuzzy number, as well as the storage period (t;)
after a formula of form: C; = %(qi; Wg, Ugy Vg, X Cs X by (7

The triangular fuzzy number specific to the cost of storage is in the form
cs: {cs, pe, } cu pc,: ¢s = [0,1] with the form membership function:

Csx~Csa1
—<—4 forc <c¢. =<cC
( Csp1—Csar f Sal Sx Sh1
Cspy for Csp = Cspq ®)
UCs, . = Cspq —C.
(€3] =S forc, <. < Cq
Csc1=Cspr b1 x cl

0 for any values outside the range [cscl; Csal]

28



Optimal Management of Production Stocks with the Neutrosophic Fuzzy Numbers

Hypothesis 5: The average cost due to the lack of stock is determined by the number
of products missing from stock %(qc; Wi Ug,o Ya.) — (i Wg,» Ug,» Yg,;), the missing
period in stock (t — t;) as well as the cost of the penalty per unit of stock (cp). As
with the cost of storage and the cost of placing an order, the penalty cost per unit of
stock is a triangular fuzzy number of the shape cp:{ cp,ycp} CU e, i Cp = [0,1] with
the form membership function:

Cs,,—C
( —2_Pai forc, <c, <c
Pp1~Par al x b1
c orc, =c
Pp1 f Py Pp1 9
,LLCp(x) - Pe1 Py ( )

forc <c¢, <c
_ p p P
o1 CPpe b1 x cl

(0 for any values outside the range [Cpm; CPa1]

The average cost of the penalty for the lack of stock will be determined with
the calculation formula:
1 ~ ~
Cp = E((qc’ ch’uqc’ ch) - (ql' qu, uqiﬁ qu)) X (t - tl) X Cp (10)
Total cost function for an order £C((g¢; wg,, ug. ¥4,); (@i Wa, Ug, Va,)) 1S
given by the relationship:
~ ~ 1,
FC({cs wa, g Y5205 (@i Wap Ugp Va,)) = [Cz + 4G Wap Uy Vg,) X €s Xty +
1 ~ ~
3 (e Waugova,) = (@ wapug,va)) X (6= t) X | x k (11)

The figure 4 shows the main components of the stock management model
without-a-stock consisting of a single product.

A

t

(@iwg ug.vg)

Figure 4. Stock model with a single product, with out-of-stock, and neutrosophic
components

According to figure 5, from the likeness of the triangle AAOC~ABCD, both
being rectangular triangles we will have:

t=t; _ (GcWg g Ygc)— (Quwg, g, Vg;)

t (Ge;WgotgeYac)

(12)
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From the above relationship it follows that we will have:

t, _ (duwgugpyg;)

T - <q5.w§c UG yﬁc>

In the expression of the total cost function we replace the values for
(k),(t1) and (t — t;) depending on the values of (G.;ws,ug.,ys.) si
(Gi; wg,» ug,» yg,) So that we will obtain:

(13)

~ ~ 1,
FC({Gcs wa g, Va )i G Wap Ugp Va,)) = [Cl +5(qs wg, ug, ¥g,) X

(qiiwqi.uql yql) ~
— U TR vt X v Wg.,Usz., Va.) ) X
(Ac;WG UG Yge) tXcs+3 (<qc’ Wge u‘lc’y‘h‘) (ql’ Wg;» Ug; y‘h>)

(Ac;Wg UGG~ (diWg, Ug,Vg;)
Al Lo e oWa, U, q’xtXCp X k (14)
(Ac;Wg e ugeVgc)

Performing the calculations as well as from the replacement of ¢ with the
expression t = £ and the replacement of k with the expression k =
(Qwpugyg)

(AcwgoUgeYyc)

will result in:

2

(Q:wpupyg) [(Qiiwﬁuuﬁwyﬁ')]

Ges W UG, Ve b G Wa., Ug., Va.)) = ¢ X =
fC(<qc' W u‘?c'y(h)’ <ql’ qu'uql'yql>) 1 ({AoWgogeYge)  20AaWaeUgeYace)

2
[(@cwactigeyac)— dswg, ug, va,)]
2 GoWa ey XT X cp (15)
AciWgoUgeYge

Theorem 1: Either the total cost function for the single-product stock model with
variables  (Gsiwg. ug.¥s,)  and (G wg,ug,vg)and  di/d. = {(di/
Ger Hay/ae ai/ap Aaya) 9/ dc € @i/Gc} where pg g 4i/dc = (0,11, 94,0, a1/
qc — [0,1] si A4,/4,:9:/qc — [0,1] consisting of a single product with fuzzy
neutrosofic variable in the form:

T Xcs +

2
_ (Q; Wo Uy ZVQ) [(fliiwﬁyuﬁiJ’ﬁi)]
fC(<qc’ Wae tae ch) <ql’ Wap Yap yq’)) ax (c;wgctige Vg * 2wy UgeYac)

[(qciwﬁc.uac.ch)— (Qiiwﬁi,uqi.Yqi)]z
2Ac;wg g Yac)

Total Cost Function fC({Gc;wg,, uqc,ch); (G wg, ug, ¥g,)) admits
extreme points (g¢; wgz, Ugs, ¥g:) and (q;; wq:, ugr, ¥q;) known as optimal points
for the single-product stock model, with fuzzy variables, determined with the
calculation relationships:

T Xcg+ XT Xcp (16)

(Ge; wae uge Yaz) = (17)
and respectively:
. 201w g Vo) ot
(a5 we; U Vo) = \/ Txcs } (18)
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Minimum point value C({gs; wgz, ugs ¥4:); (47 Wqp» Ugr, qp)) IS given by

the relation that represents the minimum total cost function in neutrosophic fuzzy
variables:

fC(<q;; wﬁ;.uq;,yq;); (qf; Wq;r,uq;f,yq;)) =
\/2<Q;WQ;UQ.}/Q‘) X T X ¢ X ¢g X
Demonstration:

In order to establish extreme points we will identify stationary points using
partial derivatives of order 1 of the function:

FC({de; Wy, ug,. Vg, ) (Gi Wa, tg, Vg,)) SO we'll have:

(19)

cstep

fafC((ﬁc:ch.uac.mc):(ﬁi;qu.uqi.Yqi)) —0

! AWy tgegc) B (20)
orc(\dewg ugeva i @iwa g, va)) 0

t 0(qi;wg; g, Va;) N

From the first equation from (20), by performing the above calculations and
rearranging the above terms we'll obtain that:

~ N 2 _ 2
_ ZCz(Q:wQ.uQ.yQ>+[(qi:wai.u~qi.yqi)] (Txcp+Txcs)~[(Gc:wg o ugeya,)] TXCp

=0 21

2[(dewa gV (21)

From the first equation from (20), we will get, after performing the
calculations:

(qi;qu,uﬁi,yqi)(TXCﬁTxcp)—(qc;w%,uﬁc,yac)><T><cp _

(AcwgougeYye)

0 (22)

This forms a system of two equations with two unknowns, i.e. the quantity
of products in an order (Gcwg.,ug,Yg.) and the original stock quantity
(qi; Wﬁi, uﬁi, yql) by the form:

_ 20{Qwgug.yg)+[(@iwa g, va,)| (Txcp+Txes)~[(@ewaetgevar] Txep _
~ 2 -
2[(dcwgougevae)] (23)
(qi;Wﬁi»uﬁi»Y§i)(TXCs+TxCp)_(flc;wﬁc'uﬁc'yﬁc)x’rxcp —

(Gciwgeugeyyc)

From the second equation of the above system, we get:

~ ~ C.
(@3 wa vap Ya)) = (e Waor ao Yao) T (24)
Replacing the above expression in the equation system and performing the

operations in the above formula we will get:
~ 2 c ~
[(qc; Wi, uqc,ch)] X T X cg X ﬁ = 2¢c{Q;wg, U5, Y5) (25)
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In conclusion, the optimal quantity of products in an order
(Gc; wgz, ugr y4:) will be given by the expression:

2c(Qiwpup.yg)

‘p
TXCgX——
cstcp

(Ge;wap ug va:) = (26)
To get the optimal number of products (q;; Wqr, Ugr, Vg: ) for the initial
stock we will use the relationship:

* ~ C
(QiiWq;‘:qu‘:yq;‘> = (qc; W, Uge Va,) Csfcp (27)

For the final form of the optimal quantity of products in an order
(q;; Wéi'uﬁwyﬁi> we will use the calculation formula:

~ c
2Cl<Q;WQ.uQ.J/Q)X—p
*. * * * ) = C5+Cp
{ai; qu'uqi’yqi) - \/ TXcg (28)

To verify that the point ({G¢; wgz, ugs Vg:)s (q:; wq;,uq;,yq;)) is extreme
point, determine the second-order derivatives as:
(a2fC(<<7c:WacruaC,Y§c):(fli:Wﬁi,uai,Yai))
0%{dc;WytgeVac)
{ 0% fC((@cwaettae Vac)AGiwa, g, Va,))
k Nqiwg,uq; Vg,

<0
(29)
>0

From the first relationship above, we will obtain:
—[44dc; Way ¥a, Ya )T X 6| [(Gei Wa uap o) N
4[{Gc; wg, g, J’cic2>]4
B (2CKQ?W@“QJQH[<‘7iiwai'“ai'yai>] (Txcp+T><Cs)4-[<f7c=Wac,uayYac>]2TXCp)4<f7c> <0 (20)

4[(Geiwgcugeygc)]

Also, from the second relationship, we will obtain:
GeWg Ug Ve (TXcs+TXc
dc QC~ dc yQC( S - p) > 0 (31)
[qC;Wﬁc'ufic'yfic]

After the calculations have been made, it follows that the point
C(4Ge; was ugs ¥g:) (a7 wg: g, Yg:)) @dmits minimum, and the value of the
minimum point is:

FC(Ge; way ugs Yae )i (ais Wa; Uy Vg;)) =

2(Q; wg,uz,y5) X T X ¢ X ¢g X p 32
Q%@ a

cstep
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4.2. Multiple products, and out of stock

The stock model with neutrosophic fuzzy variables, with several products
necessary for the production activity, has as its ultimate objective to determine the
order quantity required to be supplied (g;; Was, “déj'yciéj)’ the gquantity initially in

stock  (Gij; wgy Ug;p Yay) @ well as  the total cost function
fc ((q;j;wazj,uqzj,yqzj);(q;‘j;wq;j,uq;j,yq;j)) with the meaning already known
for the specific probability of neutrosophic fuzzy numbers.

The stock model with fuzzy neutrosophic variables, with several products,
presents a series of particularities, out of which we mention:
1. Total quantity of each product necessary for a company's production activity is
(0;; wg, Ug, Yo,) Over the period (T), while the quantity in order for each product
(i) required in the period (¢t) will be in the form (G.;; wg_,, ug,,» V4.;)- Modeling the
total quantity of each product (Q;; wg, Ug,» Yo,)» and the number of products in each
order (Gci; wg,,» Ug,» Va,;)» 1S made with the help of fuzzy triangular neutrosophic
numbers.
2. Cost of placing an order (C;) is dependent on the number of products required
for an order and can be written in the form of:

on (Quwgugvgxeu

Ci = 2ima (AciWag,p¥g Y d ;) (33)
3. Average cost of storing products (i) will be marked with (Cs) and will be
determined with the calculation formula:

Cs = 2?:1%(‘?}1'2 W0 Wi Yae? X T X Csi (34)
4. Purchase value (V) products necessary for the operational activity of companies
will be determined according to the quantity of products (Q;; wg, Ug, Yo,) Necessary
over the period (T) as well as the purchase price of the products (p,) and is in the
form of:

Vo = Zi=1{Qi; WG Ugy :VQ,-) X Pai (39)
5. Total storage capacity of products (i) supply is dependent on the volume
required for storage for each supplied product (c4;) as well as the number of products
supplied for each order (q.;; wg,,, U4, Vq,;) after a formal relationship:

Ca = Xi=ilGcis W Ugop Yaer) X Cai (36)

For the study of the stock model with fuzzy neutrosophic variables, with
several products, with out-of-stock, it is based on the above-mentioned assumptions
as well as from the form of the total cost function of the stock model presented in
equation 16. We also know that each of the products purchased (q;; Wi, Uge;o y%.)

from a quantity of order takes up a volume of storage (cd j), and the company's total
storage capacity is limited (C;) so that the inequality to be achieved is in the form
of: 2?21 (ch; Wﬁcj’ Uch,chj) X Cdj < Cd (37)
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Theorem 2: Either the total cost function for the multi-product stock model, with
fuzzy neutrosophic variables (ch;wch,uch,chj) and (qij;wqij,uij,yqij) are

Gij/dcj = {(qij/ch.,uql-j/ch.ﬁqij/ch,ﬂqij/ch) q:/4c € qij/ch} where ug, 4.5 qij/Acj =
[0,1]; ﬁqij/ch: qij/qc; — [0,1] and Aqij/ch: qij/qc; — [0,1] consisting of several products
with fuzzy neutrosophic variables of the form:
¢ (e )i (d )) = Sy x o e
fC\(Gcjs Waipp Ugep Yacd s (Qijs Wayjp Uqyp V) ) = Lj=1 € T
2
n [(ﬁcj:chj,uacj,J’acj)— (l?ij:quj,uaij,ymj)]

2
n [(ﬁij;Wal.j,uqij,yqij)]
k T

=1 205 W . -
J 2(ch,wch,uch,chj

XTXcsj+ % X T X cpj

2dcjiwycjugepVacy)

(38)

Total Cost Function fC ((ch; wch,uch,chj) {Gij; Wﬁzj'uﬁzj'yﬁzj>) admits

extreme points (Gc;; wgz Ugs, yﬁéj) $i{q;j; WaipUgip yq;j) known as optimal points

for the multi-product stock model with neutrosophic fuzzy variables, determined
with the calculation relationships specific to the minimisation problem:

Case I: If C; < C4, then the optimal solution for the optimal quantity for an order
(Gcjs Wﬁéj'udéj'ydéj) and the optimal quantity of products in stock

(q;‘j s Wi Ugs 3’«72}-) will be determined with the calculation formulas:

Z;’l:]_ 2<Q~]';Waj,u(2j,yaj>><cl]'

gt .. ~ % o~k o~k =
(Gejiwayy vay Vo) = | (39)
R Regjrep
and respectively:
2?:1 Z(Q]IWQ .:ua .,ya_)XCU Cors
gr. * ~k ~% — J ] ] pJ
@iji wayp vayp Ya) ] (40)

C
Z;-l:lTXcS]-XC fé . Csj+Cpj
s]TTp]

Case ll: If C; > C4, then the optimal solution for the optimal quantity for an order
(Gejs quj,uq;]_,yq;]_) and the optimal quantity of products in stock
(q;j; Wais uq;]_,yq;j) will be determined with the calculation formulas:

Yie, Z(Qj:WQj.qu.ij>xclj

~ %
(chiWq*.,uq*.,}/q*.) = e (41)
cj cj cj n x—P]__yn .
Z]=1T><cs]xcsj+cpj+2]=1zkxcd]
and respectively:
20w Ug Ve XCL
(s wag gy Ve ) = | Yoy (42)
iy agp a0 7 qil T ‘pj i+Cp i
7] t Y 2}1:1 TXCS]'XW'FE?:l ZAXCdj CS]+Cp]
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Demonstration:
To minimise the total cost function

£€ ((@ejs Waep Uanyr Va,)s s Wy, Va,)) to the stock model, with fuzzy

variables, consisting of several products, with out of stock, the Lagrangian of the

problem becomes:

~ 2

(Qi?WG,-'”Q,-'ij) n [(ﬁiﬁwﬁij’uﬁij’yﬁiﬂ]

F oW ~ . =1 (& .o - -
(Aejwacpuacpyacy)  ~777 2depwa g, v, )

L=Z}l:1clj>< XTXCS]'+

2
n [(Clcj;chj,uacfmcj)—(qij:quj,uqijJaij)]
j=1

2cjiWacjilg, Ve, xTxeps =
7\(2?:1 (ejs Wapjr Ugej Yaes) X Caj — Cd) (43)
In order to solve the optimisation problem, the conditions of the Khun-
Tucken theorem specific to the square programming problems apply, according to
which we will have:
o oL —A(Z’-l_ (Geiswg UG Vs .)XCd-—Cd)=O
a(ch;wacj’uch‘yacj) J=1M1c) e’ Pqcj’ S dcj ]
oL
3<¢7ij:wqij,uqij.Y'qij

- A(27=1 (Gcjs Waepp Ugep Ya;) X Caj = Cd) =0
(44)
M(Z o1 (@eji Waep g Vi) X Caj = Ca) = O
Yi=14Gcjs Wap Ugep Yaei) X €aj — Ca < 0
\ A=0
After the calculations are performed, the conditions for the Khun-Tucken
theorem for the optimisation problem will be:

N . 2
— X1 240 W(?j'u(?j'y()j) X ¢p = X [(qij; Wﬁij'uﬁij'yﬁij>] X T(CSJ' + CP]’) +

2
Z?:l [ch, chj,uch,chj] X (T X ij + 2A X Cdj) =0 (451)

no(s . nos . —
Zf=1<qif'wfiij' uqij’yqij) XTXx (CSJ' + Cp}') - ZJ'=1 (qC}"Wflcj' uﬁcj'yfl'c}') XTXcpj =0

(45.2)
7\(2?:1 (Gejs W Ugepr Yae) X Caj — Cd) =0 (45.3)
A=0
Z;-l=1 (ch, chj,U,ch,chj> X Cdj - Cd <0 (454)
It follows that we will have two situations:
Casel: IfA=0
From the relationship (45.2) of Khun Tucken's conditions for the
optimisation issue it follows that:
- _ . .
<ql]J Wq:]; uﬁ:}) yqu) - Z?:l (qul chjl uch' yﬁcj) X Csjii‘pj (46)
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By replacement in the relationship (45.1), we will get:

Yo, Z(Qj;WQ].,uQ].J’QjVCU

(QZJ;Wq;j.uq;j.yq;j) = 47

C
Y Txcgjx pJ
J J Csjtcpj

The optimal quantity of products that exist on stock will be determined with
the calculation formula:

n p
i—12(QjsWp U . Yp ) XClj .
21_1 (Q] [off Q}ZVQ]) 1j Cpj (48)
=
n o PJ Csit+Cpi
Z]=1T><CS]XCSj+ij sjTCpj

We check to see if the condition is met:
(Gcjs Waep ey Vo) X €aj = Ca < Ca (49)
From the above inequality check if C; < C; then the optimal solution for
the optimal quantity in an order (g;;; w azp Yz Vay ) and the optimal quantity of
products in stock (qi], aip Uayp Vay; ) WI|| be determmed with the calculation

formulas previously establlshed
Case Il: If the parameter A > 0 and if C; > C, then from the relationship (45.2 and
45.1) respectively from the conditions Khun Tucken, we will obtain:

Ljo1 2Qiwg ug vg %y

ar. ~ % ~% ~% =

e
pj
Yjea TX ”’ —PL_43n 2Axcq;  CsitCpi (50)
CsjX T Caj jTCpj

The value of the parameter (1) will be achieved by determining the optimal
storage capacity of the company in question from the condition of the Khun Tucken
system:

J=12(Qpwg, ug,¥g,) X ey X & = CF ( Jer T X o5 X + Xhi2A% Cdj) (51)
It follows that the value of the parameter A WI|| be |n the form:

°pj
Z] 12(Qj WQ uQ YQ >Xcljxcd] CdZ] 1 TXCsjX- S
A= (52)

ZCdZ] 16dj

agx.. ~k ~k o~k =
<qij' qu'j’ uqij’yQij)

5. Case Study with two products

A company plans to purchase two products (p;) and respectively (p,), and
the cost of placing an order is known (c;), as well as the cost of storing a product
unit (cy), as well as the storage volume of a product unit (c;) presented in the form
of intervals using fuzzy triangular numbers in Table 1:

Table 1. Production indicators

Placement cost Cost of storage Storage volume
Product [lei/order] [lei/order] sqm/product
D1 (1000,2000,3000) (500,750,900) 10
Dy (1500,2500,4000) (700,850, 1000) 15
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A production hall of 20,000 sgm represents the storage area available to the
company. The penalty cost for lack of product (p,) and the product respectively (p,)
from stock is in the form: c,,; = (10%, 20%, 30%) for values of c,; € [10%; 30%)]

Cp2 = (5%, 10%, 15%) for values of c,, € [10%; 30%]
It is required to determine with the help of neutrosophic fuzzy numbers
the following indicators specific to stocks:
a) Quantity in an order (g¢; wg:, ug:, Yg:) and number of orders (k) which
will be achieved over the period (T);
b) Optimal Stock Quantity (g;; wq;,uq;,yq;) over the period (T);

¢) The amount of the minimum cost the company can get from placing an
order.

Solution:
Determine the costs of placing an order Ef(c;) and the cost of storing a

product unit Ef (cg;) using the calculation formula: E¢(¢;) = %(cia1 +cisq) + %cibl
Thus, we will have: Ef(c;y) =1998u.m.; Ef(c;z) =2245u.m,
Ef(cs1) =731,9u.m.; Ef(csy) = 848,3 u.m.
We also determine the value of the average cost by penalizing for the two
products concerned, Ef(c,1) si E¢(cp2 ), for which we will have:

Ef(cp1) = 19.980 u.m.; E¢(cp,) = 24.950 u.m.

a) Determination of the order quantity (G.; wg:i, ug:, ¥q:,» and the number of
orders (k) over the period (T) using the neutrosophic fuzzy numbers.

By replacing in the calculation formula no. 40 from the Theorem no. 2, we
will have: (qci; wazi Ugy, Va,) = (3.167,6; 60,20,20)
From the above inequality it is apparent that C; > C4 (79.192,3 = 20.000), case I,
theorem 2, the optimal solution of the problem will be given by the relationship no.
45, being k = 4.402,51 orders/year.

We check the condition: i (Gci; Wg,» Ug, Ya,i) X Cai = Ca < Cq

For which we will get: 795 x 10 + 795 x 25 < 20.000

It is apparent that inequality is verified, and therefore the optimal solution
to the optimisation problem is: (§;; Wt ”déi'yd2i> = (795,00 u.m.; 60,20,20).

So, the optimal quantity for a product order, determined using neutrosophic
fuzzy numbers, is (G¢; wg: ugs ¥gz) = (795.00 w.m.; 60,20,20)/order with a
probability of achievement of 60%, probability of uncertainty of 20%, probability of
non-achievement of 20%. The probabilities specific to neutrosophic fuzzy numbers
mean the achievement of the optimal order quantity in the percentage of 60%, the
probability of uncertainty in the percentage of 20% as well as the probability of non-
realisation of 20%.
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b) Determining the optimal amount of stock (g;;; Wai Ugip yq;j) is also done using
theorem No.2 using the calculation relationship no. 40, we will have:
(@i way, ugy, va;) = (1526,4 1.m.;60,20,20)

Therefore, the optimal quantity of products on stock will be
(Gij; Wa; ur?i‘,-'ydz‘,-) = (1526,4 u.m.; 60,20,20) with a probability of achievement
of 60%, and uncertain probability of 20%, a probability of non-achievement of 20%.

¢) Determination of the minimum value of the total cost function for the total
quantity of products required during a year will be done with the calculation formula
no. 50 and we will get: (2.444.275,58 u.m.; 60, 20, 20) u.m./order.

So, we can state that during the period of time (T) total cost function

£C (e Waey aep Yao, )3 8l Waipp gy Ya,)) = (2.444.275,58; 60, 20, 20)
u.m./order will achieve the minimum of (2.444.275,58 u.m.; 60, 20,20) with a

60% probability of achievement, a 20% probability of uncertainty and a 20%
probability of non-achievement.

6. Conclusions

The stock models presented are modeled both by nonlinear mathematical
programming and fuzzy triangular neutrosophic numbers. Non-linear mathematical
programming has the advantage of optimisation issues considering the constraints
specific to the company's activities. In turn, fuzzy triangular neutrosophic numbers
allow modeling so that stock performance indicators contain information on their
probability of the probability specific to these categories of fuzzy numbers, i.e.,
probability achievement/non-achievement and uncertainty and their membership in
cost classes specific to stock performance indicators.

Both categories of stock models presented in this article allow to determine
the optimal quantity of products in an order (§;;; W Ugs,s yd2i>’ the optimal amount
of existing stocks (q;j; Wai Ugip yc”zi‘,-> as well as minimising the overall cost function

of the stock formation process £C((d:; waz ugs Ya:)i { 45 wq;,uq;,yq;)). With the
help of neutrosophic fuzzy numbers were modeled for the optimal quantity in an
order (q;i;wq;i,uq;i,yq;i), the optimal quantity of existing stocks
(61;}; wq;_«j,uﬁ;j,yq;j) but also to minimise the overall cost function
FC({Ge; waz uge g { a7 wa:  Ug:, Yg: ))- Thus, additional information is obtained
to substantiate the specific probability of achievement/failure and uncertainty for
stock performance indicators.

The constraints specific to the company's operational activity have been
introduced to model stocks using nonlinear mathematical programming, constraints
on the company's storage area. Since the company's overall cost function includes in
addition to the specific costs of stock formation, we propose the modeling by fuzzy
numbers of the process of purchasing stocks as a future direction of research,
following the formation of the critical component of costs.
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