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Abstract: In the paper, we propose an alternative strategy for multi-level linear programming
(MLP) problem with neutrosophic numbers through goal programming strategy. Multi-level linear
programming problem consists of k levels where there is an upper level at the first level and
multiple lower levels at the second level with one objective function at every level. Here, the
objective functions of the level decision makers and constraints are described by linear functions
with neutrosophic numbers of the form [u + vI], where u, v are real numbers and [ signifies the
indeterminacy. At the beginning, the neutrosophic numbers are transformed into interval numbers
and consequently, the original problem transforms into MLP problem with interval numbers. Then
we compute the target interval of the objective functions via interval programming procedure and
formulate the goal achieving functions. Due to potentially conflicting objectives of k decision
makers, we consider a possible relaxation on the decision variables under the control of each level
in order to avoid decision deadlock. Thereafter, we develop three new goal programming models
for MLP problem with neutrosophic numbers. Finally, an example is solved to exhibit the
applicability, feasibility and simplicity of the proposed strategy.

Keywords: neutrosophic numbers; interval numbers; multi-level linear programming; goal
programming

1. Introduction

Multi-level programming (MLP) programming problem consists of multi-levels with single
objective function at each level where each level decision maker (DM) tries to get maximum benefit
over a common feasible region. In the paper, we consider an MLP problem with neutrosophic
numbers information where the objective functions and common constraints are linear functions
and each DM independently controls a set of decision variables. In 1988, Anandalingam [1]
proposed Stackelberg solution concept for MLP problem in crisp environment and extended the
concept to solve decentralized bi-level programming problem.

Goal programming (GP) [2, 3, 4, 5, 6, 7, 8] is one of the popular mathematical tools for solving
multi-objective mathematical programming problems with multiple and conflicting objectives to
obtain optimal compromise solutions. In 1991, Inuiguchi and Kume [9] incorporated the notion of

interval GP.
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In 1998, Smarandache [10] incorporated a novel concept called neutrosophic set to tackle with
inconsistent, incomplete, indeterminate information where indeterminacy is an independent and
important factor. Roy and Das [11] developed a computational algorithm for solving multi-objective
linear programming problem by utilizing neutrosophic optimization technique. Das and Roy [12]
used neutrosophic optimization method for obtaining optimal solution for multi-objective non linear
programming problem. Hezam et al. [13] used first order Taylor polynomial series approximation
method for neutrosophic multi-objective programming problem. Abdel-Baset et al. [14] developed
two models for neutrosophic goal programming problems and applied the concept to industrial
design problem. In 2016, Pramanik [15] proposed three novel neutrosophic GP models for
optimization problem by minimizing indeterminacy membership functions for practical
neutrosophic optimization. Pramanik [16] also proposed the framework of neutrosophic linear goal
programming for multi-objective optimization with uncertainty and indeterminacy simulteneously.

Smarandache [17, 18] introduced the concept of neutrosophic number and presented its
fundamental properties. Jiang and Ye [19] presented a general neutrosophic number optimization
model for solving optimal design of truss structures. Deli and Subas [20] developed a ranking
method for single valued neutrosophic numbers and applied the concept to solve a multi-attribute
decision making problem. Ye [21] discussed a neutrosophic number linear programming technique
for neutrosophic number optimization problems where objective functions and constraints are
described by neutrosophic numbers. Ye et al. [22] presented general solutions of neutrosophic
number non-linear optimization models for unconstrained and constrained problems.

In 2018, Pramanik and Banerjee [23] discussed a solution methodology for single-objective
linear programming problem where the coefficients of objective functions and the constraints are
neutrosophic numbers. Pramanik and Banerjee [24] also studied GP technique for multi-objective
linear programming problem with neutrosophic coefficients. Recently, Pramanik and Dey [25]
proposed novel GP models for solving bi-level programming problem with neutrosophic numbers
by minimizing deviational variables. In this paper, we extend the concept of Pramanik and Dey [25]
to solve MLP problem with neutrosophic numbers based on GP strategy.

We organize the paper in the following way. In section 2, some definitions concerning interval
numbers, neutrosophic numbers and their essential properties are given. In section 3, we present the
mathematical formulation of MLP problem described by neutrosophic numbers. In section 4, the GP
strategies for MLP problem with neutrosophic numbers is discussed by considering upper
(superior) and lower (inferior) preference bounds on the decision vectors of the level DMs. In section
5, an application of the developed strategy for MLP problem is demonstrated. Finally, conclusion

with some future scope of research is provided in the last section.

2. Preliminaries

In the section, we provide some basic definitions regarding interval numbers, neutrosophic
numbers.
2.1 Interval number [26]

An interval number is defined by P = [PL, PU] = {p: PL<p<PY, pe R }, where P., PV are left and

right limit of the interval P on the real line R .
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Definition 2.1: Let y (P) and ¢ (P) be the midpoint and the width of an interval number,
respectively.

Then, y(P)= %[PL +PUland & (P)=[PU-PL]

The scalar multiplication of P by u is defined as given below.

P =<[uPL,#PU],ﬂ >0,

(P, uP 1, u<0
The absolute value of P is defined as given below.
[P-,PY],P" >0,
| Pl = ([0, max{—P",PY}],P* <0< PY
[-PY,-P*],PY <0

The binary operation * between P1=[ B", P”]and P2=[ P, P, ] is defined as follows:

Pr* P2 = {p1* p2: PlL <p1< PlU,PZL <p2< PZU, py, p2€ R |
2.2 Neutrosophic number [17, 18]

A neutrosophic number is represented by E = m + nl, where m, n are real numbers where m is
determinate part and nl is indeterminate part and I €[I %, I U] represents indeterminacy.

Therefore, E=[m +nl, m +nl U] = [EL, EY], (say)
Example: Suppose a neutrosophic number E = 2 + 3], where 2 is determinate part and 3I is
indeterminate part. Here, we take I €[0.2, 0.7]. Then, E becomes an interval number of the form N =
[2.6,4.1].
Now, we define some properties regarding neutrosophic numbers as follows:
Suppose that F1=[mi +nili] =[mi+ni /", mi+ni /] |=[E’, E]and E2=[m2+n2 2] = [m2+ 12/, , m2
+n2/) ] =[E,, ES ] be two neutrosophic numbers where Ii [I;",1'], . €[I;,1}], then
(). Er+ E2=[E'+EX JEV + EY],
(ii). E1- E2=[E} - EY ,E/ -E}],
(ii). E1 x E = [Min { E' x EI¢ , El x E} , E/ x E; , E/ x E! }, Max
{El'x EXY JE' x EYE! x EX,El x EY}]
(iv). E1/ E2=[Min{ E{ JEy , E} JE} ,E| |Ey E |E;) }, Max { E] | E; ,E]' |E} ,E\ | E; ,E JE]}] ifO¢
Ea.

3. Formulation of MLP problem for minimization-type objective function with neutrosophic
numbers

Mathematically, an MLP problem with neutrosophic numbers for minimization-type objective

function at every level can be formulated as given below.

Z\{in Z1 (x) =[An + Bulu] x1 + [A12 + Bz 2] x2 + ... + [A1k + Buk ] xx + [G1 + Hil1] (1)

A/{ll'n Z2 (x) =[A21 + Bailo1] x1 + [A22 + B2z I22] x2 + ... + [A2k + Bax Ik] xx + [G2 + Halo] (2)

A/{Zin Zk (x) = [Ax1 + Buln] x1+ [Ae + Bie [12] x2 + ... + [Akk + Bik Ik] xx + [Gr + Hilk] 3)
k Subject to

xeX={x=(x1,x2 .., x) € RNI[Ci+Dil]]x1+[Co+D2I)]x2+...+[Cx+DxI,]xx < p+cl,x> 0}.(4)
Here, xi = (xi, xi2, ..., Xin, )T: Decision vector under the control of i-th level DM, i=1, 2, .., k. Ax,

Bi (i=1, 2, ..., k) are Ni- dimension row vectors; Ai, B (i=1, 2, ..., k) are N2- dimension row vectors;
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and similarly, A, Bik (i=1, 2, ..., k) are Nk- dimension row vectors where N =Ni1+ N2+ ... + Ny; and Gi,
Hi(i=1,2, ..., k) are constants. Ci, Di(i=1, 2, ..., k) are Mx Ni(i=1, 2, ..., k) constant matrix and p , o are
M dimensional constant column matrix. X (# @ ) is considered compact and convex in RN. Also, we
havely e[I;,1]1,i=1,2 ., kj=12, ., kL eI}, 1], I e[1*,17],i=1,2, .., k. Representation

of an MLP problem is shown in Figure 1 as follows.

First level

Second level

k-th level

Figure 1. Depiction of an MLP problem

4. Goal programming strategy for solving MLP problem involving neutrosophic numbers

The MLP problem with neutrosophic numbers that is defined in Section 3 can be restated as
follows:
First level:

Alxin Z1 (x) =[An + Bului] x1+ [A12 + Bz [12] x2 + ... + [A1k + Bik [ik] xx + [G1 + Hil1]
={[An+Bul ] x1+ [An+Bul ] x2+ ..+ [Aw+Bul ] x+ [Gi+ HiI[], [Au+Bul] x1+ [Aun+ Bul]]
X2+ o+ [Au+ Bu Il xc+ [Gr+ Hi IV 1y =[S) (x), 7 (x)] (say); 5)
Second level:
]V{zin Z> (x) =[A21 + Bail21] x1+ [A2 + B2z I2] x2 + ... + [A2k + Bak Iox] xx + [G2 + H2 I2]
={[A2+ B 15| x1+ [An2+ B lh x2+ ...+ [As+ B Ih | xk+ [Go+ Ha I ], [A21 + Ban I3] x1+ [Ana + B 13 ]
X2+ o+ [An+ Bady | xc+ [Ga+ H2 I3 1} = [ ST (x), S5 (x)] (say); (6)
and similarly, for
k- th level:
]V{kin Zx (x) = [Ax1 + Bual] x1 + [Axe + Bre Iie] x2 + ... + [Axk + Bik Ic] xx + [Gk + Hx ]
={[Ax+ B I x1+ [Ae+ B I}, ] x2+ ... + [A + B I ] xx+ [Ge+ Hi I ], [Aa + Bia I ] x1+ [Aie + Bie [} ]
X2+ o+ [Awc+ Bu e+ [Ge+ He I 1} =S¢ (), SY (x)] (say); 7)
and the system constrains reduce to
[Ci+ D1l Jx1+[C2o+ D2 I)]x2+ ..+ [Ck+Dil ] xx> p+ol
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= {([CG+Dil["1x1+[C2+ D2 L 1 2+ ot [Co+ Dil[ 120 {[Cr+ DLV x1+ [Co+ D2 LY 12+ ot [Ci
+Di)V 1 x >[p+o I'', p+o I'Y]=[R:, RY] (say)

= [ (x), W (0)]= [RL, RY]. 8)
Proposition 1. [27]

n . . n : n i . . e
If ,-El[alj’ai] lz; 2 [q1, q2], then jél[a'z’ Iz, zq, jél[alj ]z, 2 g2 are the maximum and minimum

value range inequalities for the constraint condition, respectively.
According to the proposition 1 of Shaocheng [27], the interval inequality of the system
constraints (8) transform to the following inequalities as follows:

[Ci+Dil[" 1 x1+ [C2+ D2L* 1 22> RY, [Cr+ D11V 1 x1+[Co+ D21 ] 22> RL xi20,i=1,2,
ie. WH(x) = RY, WY (x)> RL x>0.

Hence, the minimization-type MLP problem can be re-formulated as follows:
Firstlevel: ~ Min Z1 (x)=[S! (x), S} (x)],

Second level: Min Z> (x) =[Sy (x),SY (x)],

k-th level: Min Zi (x) = [ S} (x), S, (x)],

Subject to
[W*E(x), WY (x)] > [RE, RY], x>0. 9)
For getting the best optimal solution of Z;, (i=1, 2, ..., k), the following problem is solved owing

to Ramadan [28] as follows:

Min Zi (x) =S"(x),i=1,2, .. k

Subject to
wY(x) > RLx>0,i=1,2, .., k. (10)
We solve the Eq. (10) and let x/= (x5, x5, ..., xﬁ[, X5, x5), (i=1,2, ..k be the

I+1

individual best solution of i-th level DM and S,.L (x,.B ), (i=1,2, .. k) bethe individual best objective
value of i-th level DM, (i=1, 2, ..., k).
For obtaining the worst optimal solution of Z;, i =1, 2, ..., k), we solve the following problem

due to Ramadan [28] as given below.

Min Zi (x) =SY(x),i=1,2, ..,k

Subject to
WL (x) = RY, x2=0. (11)

* *

Letx; = (X}, Xp, Xin, r Xin,, 7 v Xn) (i=1,2, .., k) be the individual worst solution of i-th

level DM subject to the given constraints and S,.U (x: ), i=1, 2, .. k) be the individual worst
objective value of i-th level DM, (i=1, 2, ..., k).

L B U *
Therefore, [Sl' (%), Si (*)] be the optimal value of i-th level DM, (i=1, 2, ..., k) in the interval

form. Let [Ti , Ui ] be the target interval of i-th objective functions set by level DMs.

The target level of i-th objective function can be formulated as follows:

U +
STt i=1,2 .,k
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L +
57w <Y =12 . k).

Hence, the goal achievement functions are formulated as follows:

U U +
S+ 4 =T 21,2,k
L L +
ST+ 4 U =12,k
av dtf

where 7 ", (i=1, 2, ..., k) are deviational variables.
In a large hierarchical organization, the individual benefit of the level DMs are not same,
cooperation between k level DMs is necessary to arrive at a compromise optimal solution.
Suppose that x; =(xﬁ',xg,...,x§ql ,xﬁ,]+1,...,x§q), (i=1, 2, ..., k) be the individual best solution of i-th

level DM. Suppose (xiB —77") and (xiB + 7 ), (i=1,2, .., k) be the lower and upper bounds of decision
vector provided by i-th level DM where i and i, (i=1, 2, .., k) are the negative and positive
tolerance variables which are not essentially equal [25, 29-41].

Now by considering the preference bounds of the decision variables, we propose three
alternative GP models for MLP problem with neutrosophic numbers as follows:
GP Model L.

Min & (4 4l

Subject to

Sy =T =12,k
S+ Ul =12, 0

Wh(x) > Ru, wY(x)> R,
x2 PoT
(Y -y (M T, (=12, .., k)

L U
di di 1 >0,(i=1,2).
GP Model II.

U 43U L 3L

Min £ ("4
Subject to

U U +
S+ 4 =T 21,2,k

L L +
57 )+ 42U =12, ., k)
Wh(x) = RY, WY (x)> R,

B B
(xi M )gxig(xi + Ti), i=1,2, ..k

U L
Wi >0, Wi 20,(1,2, ..., k)

L U

di di 1 >0,(1,2, .., k).

GP Model I11.

MinY¥

Subject to
U U +

_St (x) +d,' :_Tt , (i: 1’ 2/ . k)
L L +

Si (.X') +dl' =Ui , (1 = 1[ 2, " k)

Wh(x) > RY, WY (x)> R,
B B
(xi M )gxig(xi + Ti), i=1,2, ..k
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U L
visdi vsdi 21, 9)

L U
a; , d; ,x>0,(1,2, .., k).
A flowchart of the proposed strategy for MLP problem with neutrosophic coefficients is shown in

Figure 2.

Every DM presents his/ her linear objective function
with neutrosophic numbers

v

Linear constraints with neutrosophic numbers are

given

Transform the MLP problem with neutrosophic

numbers into the MLP problem interval numbers

v

Goal achievemnt functions are developed

v

Preference bounds are assigned by the level DMs

v

Three novel GP models are proposed

v

GP Models are solved to obtain optimal solution

Figure 2. Flow chart of an MLP

5. Numerical Example

We consider the following MLP problem with neutrosophic numbers to demonstrate the
proposed GP procedure. Without any loss of generality we consider I [0, 1].
First level:
Mxin Zi(x)=[11+2I] x1+[7 + 3] x2+ [3 +I] x3,

Second level:
MinZ> (x) = [1+ 2] x1+ [2+ I] x2+ [2 + 3]] xa+ [4+ 1],

Third level:
Min Zs (x) = [1 + 2I] x1+ [2 + I] x2+ 0.5 x3+ [5+],

Subject to

[3+ 2] x1+ [1 + 1] xo+ [1 + 2 I] x3 >[5+ 2]],

[4+ 1] x1+ [2 + 3] x2- [2 + I] x3 >[4+ 3]],

[1+ 1] x1+ [2 + 2I] x2+ [2 + 1] x3>[3+ 2],

x1, x2, x3=>0.

Using interval programming technique, the transformed problem of first level DM can be
presented as follows (see Table 1):
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Table 1. First level DM’s problem for best and worst solutions

First level DM’s problem to obtain First level DM’s problem to obtain
best solution worst solution
Min S} (x) = 11 x1+ 7x2 + 7x3 Min S (x) =13 x1+ 10x2 + 4x3
Subject to Subject to
5x1+ 2 x2+ 3x32>5, 3xi+x2+x3>7,
5 x14 5 x2- 3x32>4, 4 x1+ 2 x2- 2x327,
2 x1+ 4 x2+ 3x32>3, X1+ 2 x2+ 2x32>5,
x1, x2, x3=>0. x1, x2, x3=>0.

The best and worst solutions of First level DM are calculated as follows (see Table 2):

Table 2. First level DM’s best and worst solutions

The best solution The worst solution

SE=10536 at (0.78, 0.171, 0.252) S'=34.3 at (1.8, 0.75, 0.85)

The transformed problem of second level DM can be presented as follows (see Table 3):

Table 3. Second level DM’s problem for best and worst solutions

Second level DM’s problem to get Second level DM’s problem to get
best solution worst solution
Min S} (x) = x1+ 2x2 + 2x3+ 4 Min S (x) =3x1+3x2+ 5 x3+ 5
Subject to Subject to

5 x14 2 x2+ 3x32>5, 3x1+ x4+ x327,

5 x1+ 5 x2- 3x32>4, 4 x1+ 2 x2- 2x327,

2 x1+ 4 x2+ 3x323, X1+ 2 x2+ 2x325,

x1, x2, x3=>0. x1, x2, x3>0.

The best and worst solutions of second level DM are determined as given below (see Table 4)

Table 4. Second level DM’s best and worst solutions

The best solution The worst solution

§P=5.5 at (0.875, 0.312, 0) S;=15.2 at (1.8, 1.6, 0)

Similarly, the transformed problem of third level DM can be shown as follows (see Table 5):
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Table 5. Third level DM’s problem for best and worst solutions

Third level DM’s problem to get Third level DM'’s problem to get
best solution worst solution
Min S (x) = x1+ 2x2 + 0.5x3+ 5 Min Sy (x) =3x1+3x2+ 0.5 x3+ 6
Subject to Subject to
5 x1+ 2 x2+ 3x32>5, 3 x1+x2+x327,
5 x14 5 x2- 3x32>4, 4 x1+ 2 x2- 2x327,
2 x1+ 4 x2+ 3x32>3, x1+ 2 x2+ 2x32>5,
x1, x2, x3=>0. x1, x2, x3=>0.

The best and worst solutions of third level DM are computed as given below (see Table 6)

Table 6. Third level DM DM'’s best and worst solutions

The best solution The worst solution

§7=6.167 at (1,0, 0.333) S;=13.85at (2.4,0,1.3)

The objective function of first level DM with specified targets can be presented as follows:
11x1+ 7x2+ 3x3<35, 13x1+ 10x2 + 4x32>11,

The goal achievement functions of first level DM with specified targets can be presented as follows:
1lxi+ 7x2 + 3xs+d) =35, -13x1-10x2 - dxs+d, =-11,

The objective function of second level DM with specified targets can be presented as follows:
x1+2x2+2x3 <16, 3x1+ 3x2+5x3+5 >6,

Also, the goal achievement functions of LDM with specified targets can be developed as follows:
x1+2x2+ 2x3+dy =16, -3x1-3x2 - 5x3+ 5 +d = -6,

Similarly, the objective function of third level DM with specified targets can be presented as follows:
x1+2x2+0.5x3+5 <14, 3x1+ 3x2+0.5x3+ 6 =7,
Also, the goal achievement functions of third level DM with specified targets can be established as

follows:
x1+2x2+0.5x3+ 5 +dy =14, -3x1-3x2-0.5x3- 6 +d =-7,

Let, the first level DM assigns preference bounds on the decision variable x1 as 0.78 — 0.7 <
x1<0.78 + 0.8, the second level DM offers preference bounds on the decision variable x2 as 0.312 - 0.
3< x2<0.312 + 1.5, and the third level DM provides preference bounds on the decision variable x3 as
0.333 -0.3< x3<0.333 + 1.5, in order to get optimal compromise solution.

Therefore, the GP models for MLP problem involving neutrosophic coefficients can be
developed as follows:

GP Model L.
di d! dy dj di dj

Min (71 +91 +92 492 %5 1%
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Subject to
L
Txi+ 73 + 3x+ 9 =35,
dU
-13x1-10x2 - 4x3+ 71 =-11,
dL
x1+ 2x2+ 2x3+ 2 =16,

dU
-3x1-3x2-b5x3+ 5+ "2 =-6,

dL
x1+2x2+0.5x3+5+73 =14,

av
-3x1-3x2-05x3-6+"3 =
5 x14 2 x2+ 3x32>5,

5 x1+ 5 x2- 3x32>4,

2 x1+ 4 x2+ 3x323,
3x1+ xt+x3>7,

4 x1+ 2 x2-2x327,

x1+ 2 x2+ 2x325,
0.78-0.7< x1<0.78 +0.8,
0.312-0.3< x2<0.312+1.5,
0.333-0.3< x350.333+1.5

L U
di di 50,(i=1,2,3)

x1, X2, x3>0.

-7,

GP Model II.

i 1 (4
Subject to

11x1+ 7x2 + 3x3+ IL =35,

dU
-13x1-10x2 - 4x3+ 1 =-11,
dL
X1+ 2x2+2x3+ 2 =16,
dU
-3x1-3x2-5x3+5+ 2 =-6,

dt
x1+2x2+0.5x3+ 5+ 3 =14,
av
-3x1-3x2-0.5x3-6+ 3 =-7,
5x1+ 2 x2+3x32>5,
5 x1+ 5 x2-3x32>4,
2 x1+4 x2+ 3x323,
3x1+ xtx3>7,
4 x1+2x2-2x327,
X1+ 2 x24 2x32>5,
0.78-0.7< x1<0.78 + 0.8,
0.312-0.3< x2<0.312+1.5,
0.333-0.3< x3<50.333+1.5

L U
d ,d" >0,(=1,23)
x1, x2, x32>0.
GP Model III.

Min
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Subject to

11x+ 7x2+ 3xs+ d," =35,
13x1-10x2 - dxst+ d =-11,
x1+2x2+ 20t dy =16,
Bx1-3x2- 5x5+ 5 +dY =-6,
x1+2x2+ 0.5x+ 5+dy =14,

Bx1-3x2-0.5x3- 6 +ddy =7,
5x1+ 2 x2+3x32>5,

5x1+ 5 x2- 3x324,

2 x1+4 x2+ 3x32>3,

3xi+ x2tx327,

4 x1+2x2-2x327,

X1+ 2 x24 2x32>5,

0.78-0.7< x1<0.78 +0.8,
0.312-0.3< x2<0.312+1.5,
0.333-0.3< x3<0.333+1.5,

Y (=12 3)

i

v ZDZ.L,l// >D
dh,d” >0,(i=1,23)

x1, x2, x320.

The solutions of the developed GP models are shown in the Table 7 as follows:

Table 7. The solutions of the MLP problem involving neutrosophic numbers

(x1, x2, X3)

Solution point

Objective values
Z1 72 Z3

GP Model
GP Model I (1.58, 1.3, 0.96)
GP Model 11 (1.58, 1.3, 0.96)
GP Model III (1.58, 1.3, 0.96)

(29.36, 37.38) (10.10, 18.44) (9.66, 15.12)
(29.36, 37.38) (10.10,18.44) (9.66,15.12)
(29.36, 37.38) (10.10,18.44) (9.66, 15.12)

Note: It is observed that the three GP models produce the same optimal compromise solution set.

6. Conclusion

In the paper, we have proposed three new goal programming models for multi-level linear

programming problem where objective and constraints are linear functions with neutrosophic

coefficients. By applying interval programming procedure, we transform the multi-level linear

programming problem into interval programming problem. Then, we determine best and worst

solutions for all k -level decision makers and establish the goal achievement functions. We consider
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preference upper and lower bounds on the decision variables under the control of all k - level
decision makers in order to achieve optimal compromise solution of the multi-level system. Finally,
goal programming models are proposed to solve multi-level linear programming problem by
minimizing deviational variables. A multi-level linear programming under neutrosophic numbers
environment is finally solved to show the applicability and feasibility of the proposed GP strategy.
In future, we hope to utilize the proposed GP strategy to solve multi-objective decentralized

bi-level linear programming, multi-objective decentralized multi-level linear programming
problems, and other real world decision-making problems with neutrosophic numbers information.
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