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Abstract. The credibility theory was introduced by B. Liu as a new way to describe the fuzzy uncertainty. The
credibility measure is the fundamental notion of the credibility theory. Recently, L.Yang and K. Iwamura extended
the credibility measure by defining the parametric measure my (A is a real parameter in the interval [0, 1] and for
A =1/2 we obtain as a particular case the notion of credibility measure).

By using the mx- measure, we studied in this paper a risk neutral multi-item inventory problem. Our con-
struction generalizes the credibilistic inventory model developed by Y. Li and Y. Liu in 2019. In our model, the
components of demand vector are fuzzy variables and the maximization problem is formulated by using the notion
of my—expected value.

We shall prove a general formula for the solution of optimization problem, from which we obtained effective
formulas for computing the optimal solutions in the particular cases where the demands are trapezoidal and trian-
gular fuzzy numbers. For A = 1/2 we obtain as a particular case the computation formulas of the optimal solutions
of the credibilistic inventory problem of Li and Liu. These computation formulas are applied for some m - models
obtained from numerical data.

AMS Subject Classification 2020: 03B52; 90B50
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1 Introduction

Let us consider a company that produces several types of goods (items). It will be assumed that buyers can
order in advance. An inventory problem is a mathematical model that describes the management of this
company.

There are mathematical models in which the management activity of the company is carried out in a
single period and models with several periods. The inventory models can also be classified according to the
attitude towards risk of a decision-maker: there are models in which the decision maker has a risk-averse
attitude and models in which his attitude is neutral.

The mathematical formulation of the inventory model starts from the following initial data (model pa-
rameters) : ci,...,c, are unit fixed costs per inventoried item, di,...,d, are unit revenues per inventoried
item and hy,...,h, are unit holding costs per inventoried item.
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The demands are mathematically modeled by the variables D1, -, D,; the order quantities will be the
variables x1,--- ,x,. The total profit from the sale of the n types of goods will have the following expression::
n

1.2

L hi
(%, D) = Z;(dzxz —c — QZDZ) (see [1], [2]).
1=
In a neutral inventory problem, one will determine those values of x1,--- ,x, for which the total profit
n

7(Z,D) = Z(dlscl G DZ' ) is maximal. When making the decision the risk is taken into account, the
i=1 !

values of x1, -+ ,x, will be determined so that at the same time the maximum profit is achieved, and the
risk (represented by various mathematical concepts) to be minimal.

The formulation of an inventory problem depends on how the demands Dy, --- , D, are modeled, as well
as on how profit maximization and risk minimization are evaluated. The classical treatment of inventory
problems is a probabilistic one: the demands D1, --- , D, are random variables and, for risk - neutral models,
the objective function of the maximization problem is the expected value of the total profit. In the case of a
risk - averse attitude of the decision maker, several ways to describe the risk were proposed: in [3], [1] by means
of mean-variance models and in [5] by using the value-at-risk (VaR) as a risk measure. In [0], the coherent
risk measures [7] have been used in defining the objective function of an inventory problem. Using the multi-
item inventory system introduced by Luciano et al. [5] (called, shortly, LCP-model), [3] developed several
inventory problems, with decision-makers having various positions towards risk: from a neutral attitude to
risk-averse attitude, corresponding to variance, mean-absolute deviation (MAD) and conditional value-at-risk
(CVaR) as risk measures.

The credibility theory, specially developed by Liu in [9], is another way to model the fuzzy uncertainty.
Its fundamental concept is the credibilistic measure [10] and its main indicators are the credibilistic expected
value and the credibilistic variance (cf. [9], [10]). From the literature dedicated to the credibilistic treatment
of inventory problems we mention the papers: [I1], [12], [1], [13]. In this paper we will have as the starting
point the papers [14], [15], [16] of Li and Liu: the first one concerns a multi - item inventory problem in which
the decision - maker is neutral and the second one is a risk - averse inventory model. In both papers, the
demands and the total profits are fuzzy variables and the expected profit is the credibilistic expected value
of total profit. In [15] appears a risk evaluated by the notion of absolute semi - deviation.

In [17], Yang and Iwamura introduced a new measure m) as a convex linear combination of a possibility
measure Pos and its associated necessity measure Nec (A is a parameter in the interval [0, 1]). By using the
measure my, in [18] the notions of the expected value E)(£) and the variance Vary () of a fuzzy variable £ are
defined. These two indicators retain some algebraic properties of the possibilistic indicators corresponding
to [9]. In this way, the credibility theory is enlarged to a new theory that models the fuzzy uncertainty (this
will be named my) - theory). An issue that arises naturally is an my—theory leading to the development of
different economic and financial themes. Papers [19], [20], [21], [22] introduce new credibilistic real options
models, which are based on the optimism-pessimism measure and interval-valued fuzzy numbers. The model
outcomes are compared to the original credibilistic real options model through a numerical case example in a
merger and acquisition context. Paper [1&] applies my—theory in the study of optimal portfolios when assets
returns are described by triangular or trapezoidal fuzzy variables.

In this paper we shall study a multi - item risk neutral inventory problem in the framework of an m - the-

ory. We shall assume that the demands D1, --- , D,, are fuzzy variables and the criterion used in determination
n
hix? 1
of the order quantities x1, - , T, is the maximization of the m) - expected value Z[dlml —ci— 22 ! E/\(H)]
i

i=1
of the total profit. We shall prove a general formula for computing the solution of optimization problem,

of which we will then get formulas for effective computation of inventory problem solution whenever the

demands are trapezoidal or triangular fuzzy numbers. For A\ = % we shall obtain as a particular case the

credibilistic inventory problem of [11], as well as the form of its solution.
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The paper is structured as follows. Section 2 contains introductory material on possibility and necessity
measures, credibility measure and m) - measure, as well as on their relationship. In Section 3 we present the
definition of the m) - expected value and some of its basic properties. Section 4 deals with the construction of
a risk neutral inventory model whose objective function is defined by using the notion of m) - expected value.
By using the linearity of my—expected operator E(.), a general formula for the solution of the maximization
problem is obtained. In Section 5 we proved some explicit formulas for this solution in the particular cases
when the demands are trapezoidal and triangular fuzzy numbers. The proofs of these formulas are based
on the form of my—expected value Ey(A) of a trapezoidal fuzzy number A (see Proposition 3.4). Section 6
highlights how by applying the percentile method of Vercher et al. [23] we can build an inventory problem
starting from a dataset. In this inventory problem, the components of a demand vector are trapezoidal fuzzy
numbers, such that one can apply the formulas from Section 4 to compute the solution of the optimization
problem.

2 Preliminaries

Let X be a universe whose elements can be individuals, objects, states, alternatives, etc. An events A is a
subset of X: the set of events will be the family P(X) of subsets of X. The complement of the event A will
be denoted by A°€.

In this paper we shall assume that the elements of the universe X are real numbers (X C R). A fuzzy
variable will be an arbitrary function £ : X — R.

The notions of possibility measure and necessity measure can be introduced both axiomatically and
through a possibility distribution (cf. [24], [25], [20]).

A possibility measure on X is a function Pos : P(X) — [0, 1] such that

(Posl) Pos(D) = 0; Pos(X) = 1;

(Pos2) Pos(|U;c; Ai) = supicrPos(A;), for any family (A;);cr of events.

A necessity measure on X is a function Nec: P(X) — [0, 1] such that

(Necl) Nec(0) = 0; Nee(X) = 1;

(Nec2) Nec((V;ep Ai) = inficrNec(A;), for any family (A;)icr of events.

The notions of possibility measure and necessity measure are dual: to each possibility measure Pos one
can assign a necessity measure Nec(A) = 1 — Pos(A°) and, vice-versa, to each necessity measure Nec one
can assign a possibility measure Pos(A) =1 — Nec(A°).

Given a possibility measure Pos on the universe X, for any parameter A € [0, 1] consider the function
my : P(X) — [0,1] defined by

mx(A) = APos(A) 4+ (1 — A\)Nec(A), (1)

for any event A;

(Nec is here the necessity measure associated with Pos).

This new measure was introduced by Yang and Iwamura in [17] as a convex linear combination of Pos
and Nec by means of the weight A\. If A = % then one obtains the notion of credibility measure in the sense
of Liu’s monograph []:

Cred(A) %(POS(A) + Nec(A)), (2)

for any event A.
A possibilistic distribution on X is a function p : X — [0, 1] such that supyex = 1; u is normalized if
u(x) =1 for some x € X.
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Let us fix a possibility distribution g : X — [0,1]. Then one can associate with p a possibility measure
Pos and a necessity measure Nec by taking

Pos(A) = supzeap(z) (3)
for any event A;
Nec(A) = infreap(z) (4)

for any event A.
Then for each parameter A € [0, 1], the measure m) defined by (1) will have the following form:

m/\(A) = ASUpreA/'L(x) + (1 - A)infreA:u(l')? (5)

for any event A.
According to [9], we say that the normalized possibility distribution p is the membership function asso-
ciated with a fuzzy variable £ if for any event A we have

Pos(§ € A) = supgeap(x). (6)

Then the following equalities hold:
Nec(§ € A) = infreap(z); (7)
A€ € A) = Asupaea(z) + (1 — Nin focap(a) 3)

3 The Expected Value Associated with the Measure m)

We fix a parameter A € [0, 1] and assume that & is a fuzzy variable, p is its membership function and my) is
the measure defined in (5).

Following [13], the expected value of £ w.r.t. the measure m) is defined by
0 o0
Br© = [ b€z )~ tdr+ [T male = ryar (9
—o0 0
If A= % then one obtains the credibilistic expected value of & w.r.t. the credibility measure Cr defined
in (2):
[e'e) 0
Ec(¢) = / Cr(§ > r)dr —/ Cr(& < r)dr. (10)
0 —0o0

The previous notion of credibilistic expected value was introduced by Liu and Liu in [10].
The following result shows that the expected operator E)(-) is linear.

Proposition 3.1. [18] Let &1, &2 be two fuzzy variables such that Ex(§1) < 00, Ex(&2) < 0o and «, B are two
non - negative real numbers. Then the following hold:

Ex(&1 + &) = Ex(&1) + Ex(&2); (11)

E)\(a&1) = aB\(&). (12)
Lemma 3.2. If £ > 0 then E\(€) = [;° m(€ > r)dr and Ex(§) > 0.
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According to [9], p.73, a trapezoidal fuzzy variable ( = trapezoidal fuzzy number) £ = (r1, 79,73, 7r4), With
ry < ro <rg <1y, is defined by the following membership function:

r—T
P r < x < 1o,
1 ro <z <13,
) = B == 13
Mf( ) x_rg ry <z <1y, ( )
T4—T3
0 otherwise.

If r9 = r3 then one obtains the triangular fuzzy number £ = (71,79, 74).

Lemma 3.3. [18] For any trapezoidal fuzzy variable § = (r1,r2,73,74) Wwe have:
1 ry < x,
A(ra—z)+a—
% r3g < T < Ty,
my(<z)=< A ro <x <rs, (14)
Az—r1)
ﬁ ry < x <1,
0 z <.

Proposition 3.4. [18] For any trapezoidal fuzzy variable & = (r1,72,73,74) the expected value EX(§) has the
form

r1+ 12 r3+ 14

B = (- )T (15)
Corollary 3.5. For any triangular fuzzy variable § = (r1,r2,74) the expected value Ex\(§) has the form
Er©) = (- N2 4230 (16)

2 2 2

4 An Inventory Problem with Fuzzy Variables as Demands

This section concerns a risk - neutral multi - item inventory problem characterized by the following two
hypotheses:

(I) the components of the demand vector are fuzzy variables;

(IT) the objective function of the inventory model is defined by using the expected value operator Ej(+)
introduced in the previous section.

The inventory problem with n items has the following initial data:

® Cq,...,C, : unit fixed costs per inventoried item;

e di,...,d, : unit revenues per inventoried item;

® hi,...,hy, : unit holding costs per inventoried item:;

e D= (D1,...,Dy) : fuzzy demand vector in the inventory problem;
e ¥ = (x1,...,x,) : order quantity vector in the inventory problem.

The components Dy, ..., D, of D are fuzzy variables. We shall assume that ¢; > 0, d; > 0 and D; > 0,
foralli=1,...,n.

Remark 4.1. The initial data of the possibilistic inventory problem are similar to the probabilistic inven-
tory problems from [5], [3], the credibilistic inventory problems from [11],[15] and the possibilistic inventory
problems from [27].
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We will further observe that the essential difference between the three types of models lies in the way

of choosing the objective function of the optimization problem: the models in [5], [3] use the probabilistic
expected value, those in [14], [15] use Liu credibilistic expected value [9] and those in [27] use the possibilistic
expected value from [28].

Starting from above input data we will formulate a risk-neutral problem. Similar with [11], p. 132, the

2
quantity d;z; is the total revenue of the ¥ item and the fuzzy variables hl; Lo s the holding cost of the "

item.

We fix a parameter \ € [0, 1], so We can use the expected value operator Ey(-) defined in (9). According
to Lemma 3.2, we remark that Ef( -) >0, foralli=1,.
The profit function of item ¢ has the following form:

hix? 1
mi(xs, D) = dix; — ¢ 12 ! D, (17)
The total profit function of the possibilistic inventory problem has the following form:
n
- s hx2 1
(&, D) Zm 23, Dj) E:(dzacz —ci— 22 ! E) (18)

i=1
Then the optimization problem assoc1ated with the previous inventory model has the following form:
max E) (7(Z, D))
z (19)
>0

Remark 4.2. The objective function in the optimization problem (19) is the expected value E\ (7 (&, ﬁ)) of
the fuzzy variable w(Z, D) (w.r.t. the measure my).

Remark 4.3. For A = % we obtain as a particular case the credibilistic inventory problem studied in [1/]:

max Ey(m f,ﬁ
ox B (n(7, D)) )
>0
By applying Proposition 3.1 to (18), the expected value E)(m(Z, 5)) can be written
n
— h;x? 1
BA(r(7 ) = Y s i~ "B ) (1)
hence the optimization problem (19) becomes
max Z [dix; — ¢ Ti E,\(i)]
LlyeesTn i1 2 Dl (22)
z; > 0,0 =1,....n
The decision - maker aims to find the non - negative values z1,...,z, that maximize the expected total
profit E\(w(Z, D)).
In particular, setting A = % in (22) one obtains the credibilistic inventory problem from [11].
max Zdw,—z— ZEC(l)]
N 2 D; (23)

z; >0,2=1,...,n



20 Georgescu 1. Trans. Fuzzy Sets Syst. 2025; 4(1)

Proposition 4.4. The optimization problem (22) has the following solution:

« d;

T, = ——7,
hiBx(3;)

(24)

fori=1,....n

Proof. In order to find the solution of the optimization problem (22) we write the first - order condition

0 " hiwz 1
diz; —c; — —+F\(—=)) =0
0, ;( ity — G 5 /\(Di)) )
fori=1,...,n,
therefore by a simple computation we obtain the equations
1
di — th)\(E).%'Z = 0, (25)
fori=1,...,n.
We remind that Ey(3-) > 0 for i = 1,...,n. Thus the solution of the optimization problem (13) will
have the following form
" d;
xr., = —_—,
Y hiBy()
fori=1,...,n.
O

5 Solution Form when the Demands are Trapezoidal Fuzzy Variables

According to Proposition 4.4, in order to compute the values (z7, ..., z}) of the solution of inventory problem
(22) we need to compute the expected values E A(D%), . E,\(Din). The computation of these expected values
depends on the form of the fuzzy variables D1, -+, D, and in most cases this operation seems to be very
difficult. In this section we solve this problem whenever the demands D1, - - - , D, are trapezoidal or triangular
fuzzy numbers. The formulas obtained for the computation of the optimal solutions z7,...,x; have simple
algebraic forms which makes them very suitable from a computational point of view.

We will fix the parameter A € [0,1]. The following proposition is a key result of this section: the

application of the formula (26) will lead us to find the form of optimal solutions z7, ..., z}.

Proposition 5.1. Let D be a trapezoidal fuzzy number D = (r1,ra,73,74) such that 0 <1 < rg < rz <ry
then the expected value E)\(%) has the following form
1 A 9 1—X . ry

E\(=) = In— In— 2
)‘(D) Ty —T1 nrl + T4— T3 nrg (26)

Proof. Firstly we observe that the condition 0 < r; means D > 0, hence one obtains % > 0. By using

Lemma 3.3 we get the following equalities:

1
1 T4 S P
Mra—i)y+1_
Az )ty ors rg <2 <y,
1 1 7473 T
m,\(BZr):m,\(D<;): A ro < o <13,
A(%—'f’l 1
p— ?;1 < 2 <rg,
L 0 P S r1.
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which can be written as follows:

1 r< o
. o [(1= N3+ Ay — 73] %grgé,
Al i I
ro— 7"1[7_r1] Egrgﬁ’
0 1<o.
According to Lemma 3.2 we obtain
/ myx(=>r)dr=05L+ L+ I3+ 14 (28)
where I1, I, I3, Iy have the following expressions:
" 1
Il / ! dr = —
0 T4
1
1 T3 1 1 1 T4 1 1
I, = Ary— =)+ — —r3ldr = 1—=XN)In— 4+ (Ary — — - —
2= [P D = (- N (=) - )
4
=3 11
L=X[ "dr=X\N=-—)
1 (] T3
3
A [l A 11
r T
I, = / ' [— —r]dr = [ln—2 —r(— — —)]
T — 1T 1 T ro — 1 (& ™ T9
2
Substituting in (28) these values of Iy, I, I3, I4 we get the formula (26).
O
Corollary 5.2. [11] Let D be a tmpezoidal fuzzy number D = (r1,ra,73,74) such that 0 <1y <rg <rsz<ry
then the credibilistic expected value Ec( ) has the following form
1 1 T2 1 T4
Fo(=)=————In—+ ——In— 29
C(D) 2(7‘2 — 7“1) n?“1 * 2(7’4 — 7"3) nT’g ( )

Proof. If we take A = 1 in (26) then we obtain the formula (29). O

Remark 5.3. If in formula (26) one takes ro = r3 then D is the triangular fuzzy number D = (r1,719,74)
and the expected value EA( ) has the following form

1 A 9 1—X ry
E\(=) = In— In—
)‘(D) Ty —T1 nrl + T4— T3 nrg (30)

If in (30), we set A =  then we get the formula of the credibilistic expected value E(7;) from Theorem

2 of [11]:

Eo(=)=7——In—4+ ———In— (31)
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Figure 1: Trapezoidal fuzzy number

Remark 5.4. Often in literature a trapezoidal fuzzy number D is given under the form D = (a—a, a, b, b+ 3),
with a,b € R and a, B > 0 (Figure 1). Thus its membership pup has the form:

1—% a—a<z<a,
1 a<z<b,

M@ =N e pca<hig,
0 otherwise.

Assuming that 0 < a — « we have D > 0 and the formula (26) becomes

1 A a 1-X b+ 0

Remark 5.5. Assume that a triangular fuzzy number D is written under the form D = (a — a,a,a + ),
with a € R and a, 8 > 0. If 0 < a — « the formula (30) becomes
1 A a 1-X a+p

E\(=)=-1 l
)‘(D) ana—a+ I} " a

(33)

The previous formulas (26), (30), (32) and (33) provide very computable expressions for the expected
value EA(%) for the particular cases when D is a trapezoidal or a triangular fuzzy number.

By using these formulas we are now able to compute the solution z7,--- ,z} of the optimization problem
(22) whenever the components Dy,...,D, of demand vector are trapezoidal fuzzy numbers, respectively
triangular fuzzy numbers.

Theorem 5.6. Assume that the components Ay, ..., A, of demand vector A are trapezoidal fuzzy numbers
D; = (a; — aj,ai,b;,b; + B;), i =1,...,n, where 0 < a; —a; < a; < b; < b;+ By, fori=1,...,n. Then the
solution of the optimization problem (13) has the following form

d;

x; = , 34
b hi[Ringt + AR (34

foralli=1,... n.
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Proof. By (32), for each i = 1,...,n we have

IR IS

o — o Bi b;

i
If we substitute these values of E)\(D%), e ,E,\(D%L) in (24) then we get the desired formula (34).
U

Corollary 5.7. If Dy,..., D, are the triangular fuzzy numbers D; = (a; — a;, a5, a; + B;), i = 1,...,n, where
0<a;—a; <a; <b+pi, fori=1,...,n then the solution of optimization problem (19) has the form

d;
] = : 35
o[ 2 4 %lni‘liﬁi] (35)

(677 a; —Qy

foralli=1,...,n.

Proof. If in (34) one sets b = a, then the formula (35) follows immediately. O
Now we shall write the formula (34) for the following particular values of A:
(a) A = 1/3 (the pessimistic case)

\ 3d;
hilZing % + Zinbfl)

i O

foralli=1,...,n.
(b) A =1/2 (the credibilistic case [11])

2d;
r; = - gt (37)
foralli=1,...,n.
(¢) A =2/3 (the optimistic case)
3d;
z = (38)

foralli=1,...,n.

6 A Numerical Example

In order to solve the optimization problems associated with some inventory models we should know the form
of the variables Dq,---, D, and of the (probabilistic, credibilistic, possibilistic, etc.) indicators that appear
in models. In the examples of credibilistic inventory problems from [14], [15] the expressions of Dy,---, D,
are assumed to be trapezoidal fuzzy numbers.

In general, the mathematical expressions of Dy, -, D, are not known, but through measurements can
be found different values of them. In the numerical example of possibilistic inventory problem from [27] it
started from a data table, then the method of Vercher et al. [23] was applied to determine the concrete form
of fuzzy numbers D1, --- , D,.

In this section we will present the solution of an mjy-inventory problem in which the initial information
on the variables Dy, --- , D, (which in our case are trapezoidal numbers) is given in the form of a numerical
table. In order to obtain the trapezoidal numbers that describe the demands D1, -, D, we will apply the
sample percentile method of Vercher et al. [23].
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Table 1: Data on demand vector

H Iteml TItem2 Item3 Item4 Itemb Item6 Item7 Item8 Item9 Iteml0 H

35 20 30 25 28 33 18 18 31 20
30 30 50 25 32 37 27 28 33 27
15 35 28 36 25 20 33 17 25 31
25 35 40 35 35 40 35 20 30 37
25 28 25 32 50 37 28 19 35 35
28 25 42 27 45 28 28 37 35 37
31 27 36 35 43 35 35 27 22 35
30 24 39 28 27 35 24 37 27 25
44 33 44 28 32 22 39 30 29 25
37 34 37 44 44 32 47 36 28 37
23 17 22 33 32 29 31 31 45 19

Table 2: Trapezoidal fuzzy numbers

H Ay Ao Az Ay Ag H
(28,30,0,10.5) (27,30,8.5,5) (36,39,12.5, 5) (28,32,3.4) (32,35,6,10)
H Asg A7 Ag Ag A1 H

(32,35,11,2) (28,33,7.6) (27,30,9.5,7) (29,31,5.54) (27,35,7.5,2)

We continue with the presentation of the values of basic parameters d;, ¢;, d;, so the inventory problem
is entirely defined. Finally, we apply the formulas (36)- (38) in order to obtain the optimal solutions of the
model.

Our inventory problem has a demand vector of size 10. Table 1 contains the data we have on demand
vector.

In column 7 of Table 1 are placed the known values of item ¢. In a probabilistic inventory model, the
above columns will contain values of random variables. In this case the maximization problem of the model
will be obtained by usual statistical methods.

Under the hypothesis that the 10 items are modeled by trapezoidal fuzzy numbers, one has to convert the
data from the above table in 10 such fuzzy numbers (each column is assigned to a trapezoidal fuzzy number).

Let’s present shortly the percentile method of Vercher et al. [23], by which to a data set of real numbers
Z1,...,Zm, one assigns a trapezoidal fuzzy number A = (a,b, a, ).

Let us denote by P, the k-the percentile of the sample x1,...,x,,. Then the trapezoidal fuzzy number
A = (a,b,a, 8) will be determined by the formulas:

a = Py,b= Pso,o0 = Py — P5, 8= Pos — Peo (39)

By applying Vercher et al.’s method [23] to each of the columns of Table 1 obtains the trapezoidal fuzzy
numbers in Table 2.

The trapezoidal fuzzy numbers A1, ..., Ajg obtained from Table 1 will be the components of the demand
vector of a risk neutral multi-item inventory problem. This inventory problem will be defined by the data in
the first five columns of Table 3:

Columns two, three and four of Table 3 contain the unit fixed costs, unit revenues and holding costs of the
model. The trapezoidal fuzzy numbers from the fifth column make up the demand vector in the my—inventory
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Table 3: The elements of the inventory problem

H Item d; ¢ h; A;= (ai,bi,ai,ﬁi) l’;k()\: 1/3) x;"(/\: 1/2) xj(AzQ/S) H
T 12 2 05  (2830,9,105) 718 21 663.76 627.44
2 11 1 0.6 (27,30,8.5,5) 518.19 486.88 459.14
3 14 3 0.5 (36,39,12.5, 5) 1019.75 961.42 909.4
4 10 4 0.8 (28,32,3,4) 387.92 371.9 357.14
5) 11 5 09 (32,35,6,10) 432.03 409.19 388.64
6 10 3 09 (32,35,11,2) 355.13 336.3 319.37
7 12 2 0.5 (28,33,7,6) 743.93 696.25 654.32
8 15 1 0.6 (27,30,9.5,7) 710.45 661.32 618.54
9 13 3 07 (29,31,5.5,4) 563.24 541.63 521.61
10 13 4 0.9 (27,35,7.5,2) 437.88 405.88 378.24

problem. In fact, for distinct parameters A € [0, 1] we obtain distinct inventory problems. We consider the
three inventory models (a)-(c) corresponding to the parameters 1/3, 1/2 and 2/3. By applying the formulas
(36)-(38) we obtain the solutions of the three optimization problems. These solutions are placed in the last
three columns of Table 3.

Remark 6.1. Regarding the last three columns of Table 3, it is noticed that with the increase of the
parameter \ ( % < % < %) the solution values of the optimization problem decrease. The theoretical argument

of this fact is given by Proposition 8.2 in the Appendix.

7 Conclusion

In the work we studied a new inventory model whose construction is based on the parametric measure m)
(introduced by Yang and Iwamura in [17]) and on the notion of my—expected value (introduced by Dzouche et
al. in [18]). More precisely, in this inventory model, the demands and the total profit are fuzzy variables and
the objective function of the optimization problem is the my—expected value of total profit. It was found the
general form of the solution of the optimization problem and when the demands are trapezoidal or triangular
fuzzy variables computationally efficient forms of the solution have been found.

An open problem is finding the calculation formulas for the optimal solutions also when the demands are
represented by other types of fuzzy variables: discrete repartitions, Erlang fuzzy variables, etc.

The inventory model in the paper is risk-neutral. Another open problem is the study of risk—averse
inventory models in the framework of my—theory. It would also be interesting to treat some mean—value
inventory model, in which besides maximizing the my—expected value of the total profit to be required to
minimize the my—variance of the total profit (the notion of my—variance has been defined in [1%]). Defining
a notion of mean—absolute deviation in the context of an my)—theory would lead to an inventory model in
which the risk is eventually represented by this indicator.

Continuing the research line from [14], [15], in paper [16] is investigated an inventory problem in which
the components of the demand vector are type-2 fuzzy variables. This model is studied with the techniques
of Liu’s credibility theory [9]. It arises naturally a question of extending this model to my—theory, so that
giving the parameter A the value % to obtain as a particular case some results of [16].

The newsvendor problem is a core concept in inventory management dealing with stochastic demand.
Traditionally, it centers on a single goal: either minimizing expected costs or maximizing expected profits.

A mean—variance model for the newsvendor problem is presented in paper [29]. A newsvendor problem
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is studied in which the maximization of expected profit and the minimization of risk, expressed by the
profit variance, are required. It would be interesting to formulate and study a newsvendor problem in which
the expected profit is expressed by my—expected value and the risk of profit by my—variance (according to
Definition 2 of [15]).

8 Appendix

One asks the question of how the solutions of the optimization problem (20) vary depending on the parameter
A. We will give a solution to this problem in case when the demands Dy, ..., D,, are trapezoidal fuzzy numbers.

Lemma 8.1. Assume that € is a trapezoidal fuzzy variable. If \y < Ay then Ey,(§) < Ej,(£).

Proof. See Proposition 1 of [18]. O

Let A1, A2 be two parameters in the interval [0,1]. We consider the two inventory problems with the
same input data, but with different objective functions of the optimization problems, defined by the expected
operators F), (£) and E), (&), respectively.

We denote by z7,...,z} the solution of the optimization problem corresponding to Ey,(§) and with
Yy, ...,y the solution of the optimization problem corresponding to Ej,(&).

Proposition 8.2. Assume that the demands D1, ..., D, are trapezoidal fuzzy variables. If A1 < Ao then
x; >yl foranyi=1,...,n.

Proof. Assume that A\; < \g. By Proposition 4.4, the solutions z7,...,x} and yj,...,y; are written in the
following form:

d;
= (40)
" hiBy(p)
fori=1,...,n.
d;
=t (41)
' hiEAz(%i)
fori=1,...,n.
Applying Lemma 8.1 for any ¢ = 1,...,n the following implications hold:
1 1 1
A< )Xo = E) (*) < E) (*) = < (42)
' Di ’ Di EAQ(DLZ-) EAl(%i)
By (40)-(42) for any ¢ = 1,...,n we will have:
. . d; 1 1
o=y = (o —) >0

We conclude that =7 >y forany ¢ =1,...,n. O

Acknowledgements: The author would like to express her gratitude to the editor and the reviewers for
their valuable suggestions in obtaining the final version of the paper.

Conflict of Interest: The author declares no conflict of interest.



Inventory problems and the parametric measure my. Trans. Fuzzy Sets Syst. 2025; 4(1) 27

References

Kumar RS, Felix A. Fuzzy single period inventory model. In AIP Conference Proceedings; 2019. DOI:
10.1063/1.5097536

Guo Z, Liu Y. Modelling single-period inventory problem by distributionally robust fuzzy optimization
method. Journal of Intelligent & Fuzzy Systems. 2018; 35(1): 1007-1019. DOI: 10.3233/JIFS-172128

Chen F, Federgruen A. Mean-variance analysis of basic inventory models. Work-
ing Paper. Graduate School of Business, Columbia University;  2000. Available at:
https://business.columbia.edu/faculty /research /mean-variance-analysis-stochastic-inventory-models

Choi TM. Handbook of Newsvendor Problems. Springer; 2012.

Luciano E, Pecatti L, Cifarelli DM. VaR as a risk measure for multiperiod static inventory models. Inter-
national Journal of Production Economics. 2003; 81-82: 375-384. DOI: 10.1016/S0925-5273(02)00369-9

Ahmed S, Cakmak U, Shapiro A. Coherent risk measures in inventory problems. Furopean Journal of
Operations Research. 2007; 182(1): 226-238. DOI: 10.1016/j.ejor.2006.07.016

Artzner P, Delbaen F, Eber JM, Heath D. Coherent measures of risk. Mathematical Finance. 1999; 9(3):
203-228: DOI: 10.1111/1467-9965.00068

Borgonovo E, Pecatti L. Financial management in inventory problems: Risk averse vs. risk
neutral policies. International Journal of Production Economics. 2009; 118(1): 233-242. DOL:
10.1016/j.ijpe.2008.08.040

Liu B. Uncertainty Theory. Heidelberg: Springer Verlag; 2015.

Liu B, Liu YK. Expected value of fuzzy variable and fuzzy expected models. IEEE Transactions on
Fuzzy Systems. 2002; 10(4): 445-450. DOI: 10.1109/TFUZZ.2002.800692

Ghasemy Yaghin R, Fatemi Ghomi SMT, Torabi SA. A hybrid credibility-based fuzzy multiple objective
optimisation to differential pricing and inventory policies with arbitrage consideration. International
Journal of Systems Science. 2015; 46(14): 2628-2639. DOI: 10.1080/00207721.2013.875239

Guo Z, Sun Y, Tian S, Li Z. A distributionally robust fuzzy optimization method for single-
period inventory management problems. Scientific Programming. 2023; 2023(1): 1606642. DOI:
10.1155/2023/1606642

Mittal M, Jain V, Pandey JT, Jain M, Dem H. Optimizing inventory management: A comprehensive
analysis of models integrating diverse fuzzy demand functions. Mathematics. 2024; 12(1): 70. DOLI:
10.3390/math12010070

Li Y, Liu Y. Optimizing fuzzy multi-item single period inventory problem under risk-neutral criterion.
J Uncertain Syst. 2016; 10(2): 130-141.

Li Y, Liu Y. A risk-averse multi-item inventory problem with uncertain demand. Journal of Data,
Information and Management. 2019; 1: 77-90. DOI: 10.1007/s42488-019-00005-y

Li Y. Modeling multi-item inventory problems under type-2 fuzzy demand. In TFAC-PapersOnLine. 2019.
p.147-152. DOI: 0.1016/j.ifacol.2019.11.167



28

Georgescu 1. Trans. Fuzzy Sets Syst. 2025; 4(1)

[17]

[18]

[22]

Yang L, Iwamura K. Fuzzy chance-constrained programming with linear combination of possibility
measure and necessity measure. Applied Mathematical Sciences. 2008; 2(46): 2271-2288. Available at:
https://cir.nii.ac.jp/crid/10500012027934841607lang=en

Dzouche J, Tassak CD, Sadefo Kamdem J, Fono LA. The first moments and semi - moments of fuzzy
variables based on a new measure and application for portofolio selection with fuzzy returns. New Math-
ematics and Natural Computation. 2020; 16(2): 271-290. DOI: 10.1142/S1793005720500167

Kinnunen J, Georgescu I. Interval-valued credibilistic real options modeling under optimism-pessimism
level. In: Saraswat M, Roy S, Chowdhury C, Gandomi A H (eds.) Proceedings of International Conference
on Data Science and Applications. Singapore; 2021. p.551-562. DOI: 10.1007/978-981-16-5120-5_42

Kinnunen J, Georgescu I. Credibilistic valuation of merger and acquisition targets with fuzzy real op-
tions. In: Ciurea C, Pocatilu P, Filip F G (eds.) Education, Research and Business Technologies. Smart
Innovation, Systems and Technologies. Singapore; 2023. p.353-365. DOI: 10.1007/978-981-19-6755-9_28

Georgescu I, Kinnunen J, Collan M. New credibilistic real option model based on the pessimism-optimism
character of a decision-maker. In: Sharma N, Chakrabarti A, Balas VE, Bruckstein AM (eds.) Data
Management, Analytics and Innovation. Singapore: 2022. p.55-68. DOI: 10.1007/978-981-16-2937-2_5

Georgescu I, Kinnunen J. A credibilistic real options model with an optimism-pessimism measure using
trapezoidal fuzzy numbers. In: Kahraman C, Cebi S, Cevik Onar S, Oztaysi B, Tolga A C, Sari IU (eds.)
Intelligent and Fuzzy Techniques for Emerging Conditions and Digital Transformation. INFUS 2021.
Springer, Cham; 2022. p.97-104. DOI: 10.1007/978-3-030-85626-7-12

Vercher E, Bermudez JD, Segura JV. Fuzzy portfolio optimization under downside risk measures. Fuzzy
Sets and Systems. 2007; 158(7): 769-782. DOI: 10.1016/j.fss.2006.10.026

Zadeh LA. Fuzzy sets as a basis for a theory of possibility. Fuzzy Sets and Systems. 1978; (1)1: 3-28.
DOLI: https://doi.org/10.1016/0165-0114(78)90029-5

Dubois D, Prade H. Possibility Theory: An Approach to Computerized Processing of Uncertainty. Plenum
Press, New York; 1988.

Georgescu 1. Possibility Theory and the Risk. Springer; 2012.

Georgescu 1. Inventory problems with fuzzy numbers as demands. Soft Computing. 2022; 26: 3947-3955.
DOI: 10.1007/s00500-022-06758-w

Carlsson C, Fullér R. On possibilistic mean value and variance of fuzzy numbers. Fuzzy Sets and Systems.
2001; 122(2): 315-326. DOI: 10.1016/S0165-0114(00)00043-9

Choi TM, Li D, Yan H. Mean-variance analysis for the newsvendor problem. IEEFE Transactions
on Systems, Man, and Cybernetics - Part A: Systems and Humans. 2008; 38(5): 1169-1180. DOLI:
10.1109/TSMCA..2008.2001057



Inventory problems and the parametric measure my. Trans. Fuzzy Sets Syst. 2025; 4(1)

29

Irina Georgescu

Department of Economic Informatics and Cybernetics
Bucharest University of Economics

Bucharest, Romania

E-mail: irina.georgescu@csie.ase.ro

© By the Authors. Published by Islamic Azad University, Bandar Abbas Branch. aThis article is an
open-access article distributed under the terms and conditions of the Creative Commons Attribution

4.0 International (CC BY 4.0) http://creativecommons.org/licenses/by/4.0 /




	1 Introduction
	2 Preliminaries
	3 The Expected Value Associated with the Measure m
	4 An Inventory Problem with Fuzzy Variables as Demands
	5 Solution Form when the Demands are Trapezoidal Fuzzy Variables
	6 A Numerical Example
	7 Conclusion
	8 Appendix
	References

