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On neutrosophic multi-level multi-objective
linear programming problem with
application in transportation problem

E. Fathy? and E. Ammar®*

aDepartment of Mathematics, Helwan University, Faculty of Science, Cairo, Egypt
bDepartment of Mathematics, Tanta University, Faculty of Science, Tanta, Egypt

Abstract. In this research, we use the harmonic mean technique to present an interactive strategy for addressing neutrosophic
multi-level multi-objective linear programming (NMMLP) problems. The coefficients of the objective functions of level
decision makers and constraints are represented by neutrosophic numbers. By using the interval programming technique, the
NMMLP problem is transformed into two crisp MMLP problems, one.of these problems is an MMLP problem with all of
its coefficients being upper approximations of neutrosophi¢c.numbers, while the other is an MMLP problem with all of its
coefficients being lower approximations of neutrosophic numbers: The harmonic mean method is then used to combine the
many objectives of each crisp problem into a single objective. Then, a preferred solution for NMMLP problems is obtained
by solving the single-objective linear programming problem."An application of our research problem is how to determine the
optimality the cost of multi-objective transportation problem with neutrosophic environment. To demonstrate the proposed
strategies, numerical examples are solved.

Keywords: Neutrosophic number, multi-level linear programming, multi-objective programming, harmonic mean technique,

transportation problem

1. Introduction

Multislevel programming challenges are a collec-
tion of numerous optimization problems in which the
constraint area of one is determined by the results
of other DMs. There have been a number of mathe-
matical models for analogous issues [7, 8, 17]. Han
et al. [12] gave a summary of theoretical research
findings and related multilevel decision-making tech-
nique developments. Liu and Yang [11] suggested an
interactive programming approach for solving multi-
level multi-objective linear programming problems

*Corresponding author. E. Ammar, Department of Mathemat-
ics, Tanta University, Faculty of Science, Tanta, Egypt. E-mail:
amr.saed @ymail.com.

that found a compromise solution. Arora and Gupta
[3] devised a method for determining the optimal
solution to the multi-level multi-objective linear frac-
tional programming problem.

Many researchers have developed ways to tackle
MOP issues and identify Pareto solutions since
Chandra’s early work [23] on the concept of multiple-
objective programming (MOP) problems [9, 13, 31].
Sulaiman and Mustafa [30] proposed a harmonic
mean approach for tackling MOP problems. Muru-
ganadam and Ambika [16] introduced a new method
based on a graded mean integration representation
and a harmonic mean strategy for tackling multiple
objective linear fractional programming problems. To
overcome MOP difficulties, Sohag and Asadujjaman
[29] proposed a new average approach algorithm.
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By introducing indeterminacy as an indepen-
dent component, the neutrosophic set accommodates
inconsistency, incompleteness, and indeterminacy
from a new perspective. Smarandache [26] pro-
posed a new notion called neutrosophic set based
on neutrosophy in 1999 to deal with inconsistent,
partial, and indeterminate information when indeter-
minacy is an independent and significant element.
The idea of neutrosophic number was also pro-
posed, with indeterminacy as a component, and its
fundamental features were explained [27, 28]. In
the literature, some theoretical research and applica-
tion of neutrosophic numbers have been documented
[4, 10, 14, 21]. Edalatpanah [5] proposes a new
direct algorithm for solving neutrosophic linear pro-
gramming with triangular neutrosophic numbers as
variables and right-hand side. Pramanik and Dey [20]
suggested a goal programming technique for solv-
ing multi-level linear programming problems with
neutrosophic numbers. In a multi-objective linear
programming problem with neutrosophic numbers,
Pramanik and Banerjee [19] suggested a goal pro-
gramming technique.

The transportation problem (TP) deals with mov-
ing a large number of units of goods from a number
of sources of supply to a number of demand‘des-
tinations while minimising the total transportation
cost. Because of insufficient data fluctuations in_the
market environment, decision criteria such as sup-
ply, demand, and transportation cost are often not
exact in a real-case TP [6, 33]. Ammar and<Youness
[2] computed the optimal cost of a multi-objective
transportation problem with fuzzy numbers. Ammar
and Khalifa have determined the cost optimality for
multi-objective multi-item solid problems in [1]. TP
in a neutrosophicenvironment is defined as a TP with
neutrosophic values forcost, needs, and supplies [18,
25, 32].

There' are seven sections to this study. The next
section covers the fundamental Preliminaries. This
section is broken down even further into three sub-
sections. In subsections (2.1) and (2.2), the definitions
and arithmetic operations of interval and neutro-
sophic numbers are discussed, and in subsection
(2.3), the definitions of uncertain harmonic mean are
presented. We look at a neutrosophic multi-objective
multi-level linear programming (NMMLP) problem
in Section 3. This section is broken down even further
into four subsections: A mathematical formulation
of the NMMLP problem is proposed in (3.1), the
NMMLP problem is described in its crisp version
in (3.2), a single objective function multi-level linear

programming problem is explored in (3.3), and an
interactive model for the NMMLP problem is shown
in (3.4). Section 4 explains a solution algorithm for
the NMMLP problem. The flowchart for the sug-
gested method is presented in Section 5. Section 6
develops an application to a transportation problem.
This section is divided into two subsections: (6.1)
presents the formulation of the neutrosophic multi-
objective transportation (NMOT) problem, and (6.2)
proposes a solution strategy for the NMOT problem.
The suggested methods are illustrated:ntmerically in
Section 6. Finally, in Section 7; thereiis a.conclusion.

2. Preliminaries

The basic definitions of interval numbers, neutro-
sophic numbers, and uncertain harmonic mean are
described in this section.

2. d=Interval numbers

An interval is defined as a = [a*, aV], where a
and a¥ are the left and right limits of the interval a

on the real line R, respectively.

L

Definition 1. [15] Let m (a) and w (a) be the midpoint

and width of an interval a = [aL , aU} , respectively.
Then,

m(a) = % (a +a )

w(a) = % ( — aL)

Definition 2. [15] The following are the various oper-
ations on an interval a = [a" , aU} :

(1) The scalar multiplication:
ka = [kaL, kaU] k>0,
ka = [kaU, kaL] k<0
(i) Absolute value:
la| = [aL aU} aL >0,
la| = [0 max( ak aU)],aL<O<aU,
jal = [-a¥, —a"] . a" <.

(iii) Between two 1nterva1 numbers a = [a", aY]
and b = [bL, bU], the binary operation ‘*’ is
definedasa xb = {a * Blo € a, B € b} where
at <oa<aVand bl <<V

2.2. Neutrosophic numbers

Definition 3. [28] N = m + nl symbolises a neu-
trosophic number, where m,n are real numbers
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where m is the determinate component and n/ is the
indeterminate part and / € [1 L] U} indicates inde-
terminacy. As aresult, N = [m +nI*, m +nIV] =
[NE, NY.

Definition 4. [28] Let Ny =m; +n;I; and N, =
mo + nyly where I € [IIL, IlU] and I € [IzL Ig]
then N| = [ml —{-nl]ll‘,m] —i—n]IlU] = [NIL,NIU]
and N, = [mz—}—nz[zl‘,mz —I—n212U] = [N%,Ng]
The following are the different operations on neu-
trosophic numbers:

(i) Addition: Ny + N, =[N + N&, NV + NY].
(ii) Subtraction: Ny — N, = [Nf — Ny, NY—
NE].
(iii) Multiplication:
Ny % Ny = [min (N * N3, N« Nj |
NY s« Ny, N« NY),
max (NlL * NZL, NlL * Ng ,

NY s NE NP s NY) .

N.

1
U »
2
L L U U
min(Nf‘, N Nb)
NZ N2 NZ N2

(iv) Division: Ni+Ny=[NF, NY] [ N‘L] of
2

NE NEONUONU .
Ni+Ny = | max (5. 5 5 ) | ifog
NE? NU» NE» N

Undefinedif0.€ N,
N2a

2.3. Uncertain harmonic mean

Definition 5. [34] L&t WHM=o(RT)" — RT, if

1
Zj:l b;
then WHM is ‘called a weighted harmonic mean
operator. Where b; (j = 1,2, ..., n)is a set of pos-
itive real numbers and w = (w1, wy, ..., a),,)T is the
weight vector of b; (j =1,2, ..., n), with w; > 0,

n
and > w; =1. The R™ contains all positive real
Jj=1
numbers. WHM (b1, by, . .., by) = bj, especially, if
1

11 T
nencton N then
the WHM operator is simplified to the harmonic mean

(H.M.) operator:

a)i=1,a)j=0,j7éi.lfw=<

)

n

HM(blabZa"'vbn): 1 (2)

s

Definition 6. [34] Let b; = [bf,bﬂ (Gj=1,2,
...,n) be a set of interval numbers, and WHM :
Y — i (Yisthesetofallintervalnumbers), if

- ~ 1
UWHM (bl,bz, e ,bn) == W
Zj:l ;
3
1 1

Yiciit Xiaiit
J J

where w = (w1, w3, ..., a)n)T represents the weight

vector of b;j(j=1,2,...,n), with w; >0 and
n

> w; = 1. Then the UWHM operator is reduced to

J=1
the uncertain harmenic mean (UHM) operator when

_ (1 1 lT.
w = PR .

UHM (b2bo, ..

By =

3. Methodology
3.1. Formulation of the problem

Consider the following neotrosophic multi-level
multi-objective linear programming (NMMLP) prob-
lem: First-level decision maker (FLDM):

max F 11\1’ (%)

X]
= max (A, (0. S @ i, @)
min F 11\5 (x)

X1

= min (% 0 A 0oy @)

wherexy, x3, ..., Xpsolves,

Second-level decision maker (SLDM):

max le\ll (%)

X2
= max () (). A 0o Ay ).

- N
min F55 (x
nin 3} (x)

. N N2 N
= “}é“ (f221 () 225 s+ faomy, (x)) ,
wherexs, X4, . . ., xpsolves,
wherexp, Xp41, ..., xysolves,

Pth-level decision maker (Pth LDM):

N
max F% (x
ax £l ()
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— N N
= max (1. [ @ ..

. N
min F'5 (x
nin ) ()

S @)

~ min (A0 0 S0 0o Fly ).
wherexpy1, Xpi2, ..., Xpsolves,
subject to
> (“'f + b,,I,._,) x; < (¢ +B:1),
N _ n =1
Gi=\*ck r=1,2,...,9
Xj > 0
5
where x; e RM,n;>1,(i=1,2,...,p) is a

vector of decision variables representing deci-

p
sion makers’ control, Y n; =n. GV is the

feasible choice, (ar +byjly;) is an x|
neotrosophic numbers-coefficients matrix,
(¢ +B,1;) is an neotrosophic number vector,

and  FY @ = (£ 0. @, )
i=1,2,...,p;k =1,2)is the vector of §; distinct
objective functions with neotrosophic numbers
coefficients for the ith-level decision maker,

n

fije ) = Z (kaj + dfkjlitkj) xj +cike + dikelikr)

j=1
(=12,....,p;t=1,2, 0., mjx,k=1,2)
(6)
t=1,2,...,myy for the first-level objective func-
tions,
t=1,2,...,my for the second-level objective
functions,
t=1,2,..., myy for the Pth-level objective func-
tions.
Where I,; € [IL] Ir]} Lye[IL1Y], I e
(1519, e € [T 18], 1y € [ 1t 18] and ay,

brj, %, Br, cfkj, dfkj, ciry and di; are real num-
bers, (i=1,2,...,p;t=1,2,....,mjp;k =1,2),
G=12,....,mand (r =1,2,...,9).

The NMMLP problem can therefore be related to
each level as follows:

ith-level decision maker (ith LDM):
max FIII] (%)
Xi

=max (£, @, fh 00, ..

min FY (0 =min (f3) (0, 3 ).

S (x)) ,
lem z(x))’

wherexiy1, Xi+2, . . ., Xpsolves,
subject to
< U
3 oo 1]
GV g
= €
o 5(0(r+ﬁr[lrLaIy})a
xj>0.n=12,...,9
@)
where
n
N
fikl &) = Z ( lk] + dtkj [ ikj’ Ilkj:|)
j=1 -

+ (cik; ~+ diks [Ii%ct’ Iill{t])

3.2, The NMMLP problem in its crisp form

This section demonstrates how to turn an NMMLP
problem into a crisp multi-level multi-objective linear
programming (MMLP) problem.

n

Proposition 1 [24] Consider the inequality
j=1

[aiLj, ailjl] [blL blU], where x; >0(j=1,2,
., ). The minimum and maximum value range

inequalities, respectively, are Z a; x i< bL and
j=1

Z alj'x] = bU
j=1
We solve the following problem according to

Ramadan [22] to obtain the best optimal solution
of the tth objective function l/,z’t (x) at the ith level,
(=12, ....p;t=1,2, ...,my, k=1,2).

Upper interval multi-level multi-objective linear
programming (Ul — MML P); problem:

ith-level decision maker (ith LDM):

max Fij (x)

U U

=max (f5, @, [0 S, @),
1

min FY (1

1

: U U U

= min (/5 ). S5 ). S5, )
1

where Xiy1, Xi+2, - . . , Xp solves,
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subject to

n

GU= cr ; (ar/ +bulr,) i < (oc, —|—ﬂ,[rU) ,

®

where

n

ftlk]t (x) = Z ( Cikj + dtk/lzk]) i+ (Cikt + dl'ktli[l{t) :

j=1
(10)

The following problem, as stated by Ramadan [22],
yields the worst optimal solution of £ (x).

Lower interval multi-level multi-objective linear
programming (L1 — MML P); problem:

ith-level decision maker (ith LDM):

n}cax Fi% (x)

=rrkax (lel(x) f112(x) . 1lm1(x))
min F5 (%)
= min (11 0 P20, s )

where xi+1, Xi+2, . . ., Xp solves,

subject to
xe Gt

> (ag #0518 ) x5, < (o< +B,1))
=< xeR"|j=1
x;20.r=12,...,9
(11)
where

n

fi%t (x) = Z ( i+ dtk/ ltkj) i+ (Cikt + dikflt%ct) .

j=1
12)

Where Fj,j ()= [Ff (), F{ ] and £ (x) =
[ i (0, flkr (x)] In interval form, the optimal value
of f () is [l (0), f;Y (x)]. The best and worst
objective values of f (x) are denoted by f (x)and
flkt (x), respectively.

3.3. A single objective function multi-level linear
programming problem

3.3.1. FLDM problem
Find the individual optimum solutions for each of
the FLDM problem’s objective functions, as follows:

Al = max fi], 0. fif; = max ffj, (x)
xeGU xeGL
(13)
¢=12,...,m1)

fis = min, f (). fia;(= min 5 (x)
xeGL
(14)
t=1,2,...,m2)

Calculate the UHM 1Lk andUHM ll{( of the optimum
values of the FLDM-problem’s objective functions
flth (x) and flUkz (x), respectively. As a result:

UHMy; = [UHM{,, UHM{}]
mii mi (15)

miq 1 mij 1
= *L = U
t=I fllt =1 fl*ll

UHM» = [UHM{,, UHMY,]

nia mi2 (16)

mi2 1 nmip 1
= *L = U
=1 fIZt =1 «fl*zr

UHMY, and UHMY,, ¢ = (1, 2), can have positive
or negative values. If they’re negative, we look at the
absolute values of UHM lLe and UHM IUZ, where ¢ =
(1, 2).

We use the harmonic mean technique to transform
FLDM problems into the following single-objective
decision-making problems in order to achieve the
preferred solution.

mij U
"1 (max
SLPY : max oy (x) = &= 20 ( fii)
X1

UHME,
22 (min f5,)
L 9
UHMy,
where x2, . .., X, solves,
subject to
xeGY (17)
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1 (max f;,)

SLPL : max vl (x) =
T om0 UHMY|

_ 202 (min fi5,)

UHMY,

bl

where x», ..., x, solves,

subject to
xe Gt (18)

As a result, Ffl = [ULF vUF] is the optimal

1 0 Ukl
F _ [XLF UF] ’

solution for FLDM problems, x,; P o

G=1,2,....n)

3.3.2. SLDM Problem

Find the individual solutions for each of the SLDM
problem’s objective functions, as follows:
Ll =max oo S, A=max o £ 00

UF LF

X1 =X X1 =X

t=12,..., moy)
19

U : U “L : L
oy =min qu fo, (0, S =min o ar (0

UF LF

X1 =X X1 =Xyq

(t=1,2,...,m»n)
(20)

Calculate the UHMZ, and UHM Y, of the SLDM

problems’ objective functions szk, (x) and le{(t (x),
respectively. As a result:

UHM,, = [UHM%,, UHMY |
ma1 maq 21

9
maq 1 myy 1
=L\ 51 =1\ sy

UHM» = [UHM?%,, UHMY,|

my my (22)

9
ma) 1 ma) 1
= L = T
=1 f 2*21 =1 f 2*2t

UHMZLZ and UHM%, £ = (1, 2), can have positive
or negative values. If they’re negative, we look at the
absolute values of UHMZL( and UHMZ%, where £ =
(1, 2).

By setting xfl = [xle , xi’lF ] to the SLDM con-
straints, the SLDM specifies his or her problem from
the perspective of the FLDM, allowing the SLDM to
be reformulated as follows:

"1 (max fY
SL[%Z:nmxvg(x)zA—l:LigggléQZ
X2

L
UHMjy;
_ 1:2% (mln f22t)
L 9
UHM>,
where x3, . .., x, solves,
subject to
x eGY
(23)
x = xYfF
my L
1 (max
SL PFamax vk (x) = ==l 2200 ( Ulet)
X2 UHM3,
m . oL
_ 12 (min f5,)
U b
UHM;,
where x3, ..., x, solves,
subject to
xe Gt
(24)
x=axgf

As a result, the optimal SLDM solution is F :2 =
=

[0S, o8] where xF, = [xF.xUF] and ¥, =

x1 0 Pl

LS OS] LG =23, ),
3.3.3. Pth-LDM problem

Find the individual optimum solutions for each of
the Pth-LDM problem’s objective functions, as fol-
lows:

*U U *L L
f,;lt = max xe gV fp];(x)» fp“ = max xeGL fp]y(x)

Uith

J— . _ Lith
Xj=Xy; Xj =X

*J
(f=12...mpij=12...p-1)
25)

*y . U L : L
fpzt =mn - gU pr;(x)vf[ﬂt =mn - s fp2{('x)

. — Uith . — Lith
xj_'x*j )C]—X*/-

(t=12,...ompiij=1,2,....,p—1)
(26)

Calculate the UHM IEk and U HMgk of the optimum
values of the Pth-LDM problems’ objective functions
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fﬁk: (x) and f[%{t (x), respectively. As a result:

UHM,1 = [UHME, UHM |

o o @7)
mpi 1 ’ mpl 1
=1 f;lLt fplr
UHM,, = [UHMPZ, UHM;/Z}
2
m m (28)

9
mp2 1 mpZ 1
= L
=1 f;; 2t fp2t

UHlel and UHMIL)/(, £ = (1, 2), can have positive
or negative values. If they re negative, we look at the
absolute values of UHM , and UHMY,, where ¢ =
(1, 2).

Finally, the (P-1)th-LDM decision variables are
embedded in the Pth-LDM constraints. By setting

X = [xij”h ijj”h to the Pth-LDM constraints, the

Pth-LDM specifies his/her problem from the perspec-
tive of the (P-1)th-LDM, allowing the Pth-LDM to be

reformulated as follows:

pt

mpl U
=1 (max plt)

L
UHME

SLPY : max v Ux) =

Mp2 o U
P (mln pZt)

UHM
where xpy1, ..., Xy solves,
subject to
xeGY
= xg;:’h 29)

where Xp41, . .., X, solves,

subject to

x e Gt

xj= xij”h G0
Finally, the solution (xfl,xfl,xgl, ...,xﬁh) is

the Pth-LDM solution as well as the compromised
NMMLP solution.

An interactive model for the NMMLP problem

First, the FLDM uses the FLDM satisfactoriness
test function to determine whether the proposed solu-
tion (xfl, xfz, ol xfn) is a preferred solution and
acceptable to him/her, or whether it may be adjusted.

v ( UF _UF UF Ui(yUF US us
||Fl (xl JXy A x, )—Fl (xl X s *n )Hz FU
<é
U (,UF US Us -
||F1 (xl R *n )Hz
(€29)
Lof  LF LF L ( LF LS LS
||Fl (x1 XEE Ak )*Fl (xl P XY Xy )Hz L
<4
L (LF LS -
HF] (x] ) ,,,.,xﬁS)HZ
(32)

As aresult, ( Xy1s 52, cees xgzn) is a recommended
FLDM solution, where 87 = [§*F, §%V] is a rela-
tively small positive constant provided by the FLDM.

Second, the SLDM uses the SLDM satisfactori-
ness test function to determine whether the offered
solution (xf, x%,, xT5, ..., xI ) is a preferred and
acceptable solution to him/her, or whether it may be

adjusted.

HF;J()C?F,ng,... xUS)—FU({/F,ng,xg S, )HZ
ECE el

<& (33)

HFZL (leF,xés ..... st) — FL (xLF,xés,xg‘T ..... xﬁT) Hz
e |

<85t (34)

So ( X X fz’ x;, e, xgn) is a preferable SLDM
solution, where 8 is a small positive constant pro-
vided by the SLDM.

Similarly, the (P-1)th-LDM uses the (P-1)th-LDM
satisfactoriness test function to determine whether the
proposed solution (xfl, xfz, xf3, . f,’lh) is a pre-
ferred and acceptable solution to hirn/her, or whether
it can be adjusted.
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U UF US U(P—1)th U (xUF US xUPth
HFP—1<1 » X9 ,...,x( )t) F ( s Xy Ty, I)H2<5(p DthU (35)
U UF US ,.UT U(p— l)th
Fp 1<x1 2 Xy X3 Xy UPth)H2
L LF LS L(P—1)th L LF LS xLPih
| Fhoa G 7S ol 0) — By (S ) 36)
Fk (leF XS LT ED ,%P’h)Hz
As a result, (xfl,xfz,xz3,...,x>glh) is a pre-
ferred solution to the Pth-LDM, where 8P~ D —
[8(p— DL _§(p=DMAUT is a small positive con- Step12: If the (UI — MML P); ptoblem’s optimal
stant provided by the Pth-LDM, implying that solution, x{f (j = 1,24 . m), is found,
(%57, X5, X35 -+, x4)") is a recommended solution proceed to Step 14, otherwise to Step 13.
to the NMMLP problems Step13: The bounded variable constraints must
be satisfied by all variables in the
(Ul — MMLP); problem’s objective
4. An algorithm for solving NMMLP problem functions and'constraints.
Stepl4: Write the (L.l — M ML P); problem, then

The following steps explain a solution algorithm move on to Step 15.

for the NMMLP problem, in which all decision Step15:. Calculate the UHM Y of the optimum val-
parameters in the objective functions and constraints ues of the objective functions i[k]t (x) of
are neutrosophic numbers: ith-LDM problems.

. Step16: Using the harmonic mean technique, con-

Stepl: I;)erm;late the NMMLP problem, go to vert the (LI — MMLP); problem into

Step2: SetI; _'1 single-objective decision-making prob-

Step3: Proceed to Step 21 if the ith-LDMfinds ) lems. . .
the best solution. If not, proceed to Step Stepl17: Solve the resultant linear programming
4 ' ’ problem to acquire the ith-LDM prob-

Step4: Formulate the ith-LDM problem, then go lleSm s lower solution, then proceed to Step
to Step 5. Ctee , .

StepS: Use interval numbers to.fepresent neu- Stepl8: If ;h:: (ﬁl B A?M_Ll;’)lzproblerr)l Siofgtlrggl
trosophic parameters in theé objective S(r) utio J tx 4 J 20; otherwi " ,rs oudt,
functions and constraints'of the ith-LDM. gtzgele 9 0 Step otherwise, proceed to

Step6: E::hogh[-;;])l:/([) cf)rr?\?elr(iyaill :1}:] tr(l)I;f;E?i Step19: The bounded variable constraints must
parameters to.crisp nature, yielding two be satisfied by all Varla}bles n Fhe
crisp MMIP problems, (U — MML P), (LI — MMLP); problem’s objective
and (L1 — MMLP) ’ ! functions and cgnstraints.

— i < xb = |k YU ;

Step7: Determine the best and worst optimum Step20: Yaj T K U=12....m 1s.the
solutions for each objective function in the optimal solution obtained by the ith-
ith-LDM problem. LDM. . )

Step8: Formulate the (U — MML P); problem, Step21: Move to Step 29 if i = k; otherwise, go to
then go to Step 9. Step 22.

Step9: Calculate the UHM; for the optimum val- Step22: Seti = L+ 1, then pr(zlfeed to Step 23. L
ues of the objective functions f%, (x) of Step23: By setting xi; =x,/ and x; =ux;
ith-LDM problems. to the (UI — MMLP), problem. and

Step10: Convert the (UI — MML P); problem to (LI — MMLP); problem, respectively,
a single-objective decision-making prob- the ith-LDM SPGC_‘ﬁeS his or .her problem
lem using the harmonic mean technique. from the perspective of the (i-1)th-LDM,

Stepl1: Solve the resulting linear programming then go to Step 3
problem to acquire the upper solution of Step24: The value of §¢~DV is estimated by the

the ith-LDM problem, then go to Step 12.

(Ul — MMLP),;_, problem.
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FU Y= U(pil) FU U(iil)....,x,ll/p
Step25: H ( 1 ||FU ( UG- 1)) i (Up) )||2 =
80U js valid, proceed to Step 28. If not,
proceed to Step 24.

Step26: The value of 8¢~DL is estimated by the
(LI — MMLP);_, problem.

HF_L AH=DLo= 1)) —FL (L(i—l) Lp) ‘
2 <

HFLI( LG—1) Wk, le) ’ =
i— 1 X n 2

8U=DL g valid, proceed to Step 28. If not,
proceed to Step 24.

Step28: The (xi7", iy 81, xf

Step27: If

*n
is preferable to the ith-LDM.
Step29: The optimal solution of the NMMLP
problem is obtained, go to Step 30.
Step30: Stop.

) solution

5. The proposed method’s flowchart

The following flowchart depicts the steps of the
above algorithm for addressing the NMMLP prob-
lem:

6. Neutrosophic multi-objective
transportation (NMOT) problem

This section proposes a new compromiseapproach
for the multi-objective transportation (NMOT) prob-
lem, based on the harmonic mean technique, where
the transportation cost, supply, and demand are all
represented by neutrosophic numbers.

6.1. Mathematical model of (NMMTP) problem

NMOT problem is concerned with moving a
product from k sources (s, s2, ..., Sk) to n desti-
nations (di, da, ..., d,) while meeting r objectives
(N, @, .... £V (x)). Each source s; has
available supply, (z =1,2,...,k),and each des-
tination d, (j = 1 2,...,n), has a specific level of
demand. Furthermore, transferring a unit from source
s; to destination d; incurs a penalty c N for the
objective fN (x), (s=1,2,...,r). The correspond-
ing penalty could be shipping costs, delivery time, or
delivery safety, for example. Under the optimization
aspect, the solution to this problem is to determine an
unknown quantity of products, x;;, that were shipped
from source s; to destination d;. The mathematical
formulation of the NMOT problem can be described

as follows using this description:

min FY (x) = (le(x),_“’er(x)) _
n

<§:§:camuﬁ’u_’ E:ngxq>,

j=li j=li=1

subject to
n
Sxij=a¥,(i=1,2,...,k
j=1

GN: eRn k .

* Sox=bY.(j=£1,2....n)
i=1
xij >0

(37)

Allow interval numbers to be used to represent all
of the neotrosophic numbers<n Problem (37):

cf;)N ci; wdilir=c}; + d}; [(*)L,IE;)U}

(s)L (s)U (s)L (s)U
=[c +dil; ot dil }=[,] » Cij ]
afvzai+ki1i=ai+k [IL 1]

[
= [ai+k,‘1iL,a,‘+)»,’Il~U} = [ ,L» 1U]
N L U
bii=bj+ujlj=>bj+u, [1,;"11']

= [b-+u,~1,4,b-+u,- 1] = [oh. ]
Where a;, bj, ci;, d};, A;, and p; are real numbers,

ij> “ij>
G=12,....kj=1,2,....,n;5=1,2,...,r).

Asa result, Problem (37) can be rewritten as fol-
lows:

n k
. (HL (HU
min FV (x) = (zz[,, P s
2 [(OL (U
Z Cij »Cij Xij

subject

] M»

Xn:xij = [aF.d].(i=1.2,....0
=

N _ n k
G = rErR Sxy= [ Y] (j=1.2.....n

J’ 7

Xl'jzo

(3%)

Definition 7. The neotrosophic transportation prob-
lem is called the balanced neotrosophic transportation
k n k n
problem if Y al =" bJL- and > a¥ =3 bY;
i=1 j=1 i=1 j=1
otherwise, it is called an unbalanced neotrosophic
transportation problem.
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I Formulate the -LDM of the FFMMLP problem I

i The i*1.DM gets theoptimal
solution

I Formulate the i*-LDM of the NMMLP problem I

All the neutrosophic parameters of the P*-LDM are
represented by interval numbers

Seti=l The #-LDM gets the optimal solution x!, = e, x%/] I

Yes

I Convert the i*-LDM to crisp form by ws ing the interval method I

The i*-LDM problem is transformed into twoMMLP
problems, called (U] = MMLP) ; and (LI = MMLP)

k3

Find the best and worst optimum solution of each
objective function ofthe i*-LDM

v
Formulate the (U] — MMLP) , problem |

¥

Calculate UHMJ of the optimum values of the

[ Y

obijective functions f4.(x)
¥
Transform the( Ul — MMLP) , problem into single

g P

I Solve the resulting lincar programming problems

The Ul = MMLP) ; gets
the optimal solution

No +

Al variables in theobjective functions and ints of the
(UI = MMLP)  must satisfy the bound variable constraints

I > i=k

The ith-LDM defines his/her problem in point
of view of the (i I)th-LDM

Y
set X =xY and &, = x4 tothe U — MMLP) | and
(LI = MMLP) ( problems, respectively
¥

The (Ul = MMLP) (., estimates the value of §% W

[ G © T TS b i A0 T
WL Ot ),

s&

The (L1 = MMLP) ., estimates the value of (1)

| R A T e % (e £
[GECART ] N

g

I The (!, 2, 1, .. xF) is a preferred solution to the ith-L.DM r—_

I The (x5, x4, &1, . x 1)) is a preferred solution to the ith-LDM I

| Formulae the(L — MMLP)  problem, |

:

Calculate UHM of the optimum values of the
> objeetive functions f§,(x)
v

Transform the(Ll. = MMLP) | problem into single
objective decision-making problem

Solve the resulting lincar programming problems

The(Ll — MMLP) | gets
the ootimal solution

All variables in the objective functions and constraints of the
(UI = MMLP) ; must satisfy the bound variable constraints

Fig. 1. A flowchart depicting the suggested problem’s decision-making process.
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6.2. A solution strategy for the NMOT problem

An NMOT problem is broken into the following
two crisp multi-objective transportation problems,
which are solved using classic transportation simplex
algorithms, according to the methodology established
in Subsection 3.2.

PL :min FL (x) =

DL ok oL
<Z Zc() Xijy oo ,ZZCE;) x,-j>,
j=li= j=li=1
subjectto
n
xij=aF,i=1,2,...,k)
j=1
Gt={xeR" | & .
* x,-jzb]L-,(]zl,Z,...,n)
i=1
x,'jEO
(39)
PY :min FY (x) =
n k HU n k (
DL LGy Kijs s DL DGy ;
j=1li=1 j=1i=1
subject to
Ex,]_a (i=1,2,...k)
GU={xeRr"

Zx,-jzbs/,(j=1,2,...,n)
i=1

x,'jZO

(40)

Find the individual’ optimum:solutions for each
objective function, as follows:

U
= min E E Cij Xijs
xeGU

j=li=l1
. (41)

= min c(s)Lx,j(s= 1,2,...,r)
1

L
eG]ll

Calculate the UHM® and UHMVY of the opti-
mum values of the objective functions f;~ and f,Y,
respectively. As a result:

UHM = [UHM", UHM" |
r r (42)
2t (f‘l*L) 2t (U)

UHM" and UHMVY, can have positive or negative
values. If they’re negative, we look at the absolute
values of UHM* and UHMY..

To arrive at the optimal solution, we apply the
harmonic mean technique to reduce the NMOT prob-
lem into the following single-objective transportation
problems.

STPL : min FL (x) =

(i S e

) UHMU ’
subject to

x e GE (43)

STPY : min FY (x) =
PO (;:g; AR, )

) UHME ’
subjectto

xeGY (44)

The optimal interval solution of the neutrosophic
multi-objective transportation problem is x*/ =
[ 1y *U] when solving the two crisp transportation
problems, STPL and STPY, one at a time using nor-
mal transportation simplex algorithms. F*/ (x*/) is
the optimal interval minimum transportation cost.

7. Numerical examples

To demonstrate the computational technique,
we first explore a hypothetical case, followed by
two examples for addressing a neutrosophic multi-
objective transportation problem. It is assumed that
I € [0, 1] in these examples.

Example 7.1.
Consider the following neotrosophic three-level
multi-objective linear programming problem.
FLDM:
n}axfn =[3+4Ilx1+[6+8I]xy+
1
[44+211x3 +[1+31]
max fiz =[14+211x1 +[5+31]x2 +
1
[2—1]x3+[6+61]
n}cinflg =[+2Nx1+2+11x+
1

[14 ITx3 4+ [20 4+ 131]
SLDM:
II}Caszl =[1+11x1+[5+91]x2 —

2

[2+4+31x3 +[6+111]
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max foro = [3 —21]x1 +[7+ 101] x2 +
X2

[4 +811x3 + [14 4 51]
max fo3 = [2+20]x1 +[4+ 1H]x2 +
2

[64+311x3+[3+71]
TLDM:
max f31=[-2+31x; +[9+51]x2 +
3

[104+61]x3+[4+ 7]
n}cax fao=[84+1311x1 +[1 +31x2 +
3

[12 + 151 x3 + [2 + 41]
H}Cinf33 =[5+ 11x1 —[B3+7x2+
3

[8 + 1311x3 + [5 + 81]

subject to

R24+20Nx1+ 24+ Nx2+[1+1x3 <
[10 + 71]

[L4+20x; +[14+4Nx+[24+11x3 <
[8 + 101]

X1,x2,x3 >0

The first stage in the solution technique is to
change the original NMMLP problem into an MMLP
problem with crisp coefficients and crisp decision
variables using the arithmetic operations defined in
Definitions 2 and 4.

To begin, the FLDM can be rewritten as follows:

The following is the problem for which the/best
solution is sought:

max fh=3x1+6x2+4x3+ 1

1

max f5 = 14x; +5x2 + x3+6
X1

minfll‘3 =x1 +2x +x3 + 20
x|

subject to

2x1 +2x2 +x3 < 10

X1 +x+2x3 <8

X1, x2,x3 >0

The followingisaproblem with the worst possible
solution:

max fij= 7%, + 14x; + 6x3 + 4

1

max fllé = 16x1 + 8xp +2x3 + 12
X1

min fllg =3x; +3x2 +2x3 + 33
X1

subject to

4x1 4 3x3 + 2x3 <20

3x1 + Sx0 4+ 2x3 < 30

X1, x2,x3 >0

Table 1 shows the individual optimal solutions
for the decision variables and the FLDM’s objective
functions.

Calculate the UHML, UHML, UHMY and
UHMf/2 of the optimum values of the objective
functions ff (x), £ (x), (k = 1, 2), of FLDM prob-

Table 1
Individual optimal solutions for the FLDM problems
FLDM
A i
X1 0 5 0 0 5 0
X2 4 0 0 5 0 0
X3 2 0 0 2.5 0 0
Optimal 33 76 20 89 92 33
solution
SLDM
S b by fh
X1 5 5 5 5 5 5
X7 0 0 0 0 0 0
X3 0 0 0 0 0 0
Optimal 11 19 13 27 34 30
solution
TLDM
o s fa Ay o fi
X1 5 5 5 5 5 5
X7 0 0 0 0 0 0
X3 0 0 0 0 0 0
Optimal -6 42 30 16 111 43
solution

lems, respectively. Such that UHM lLl = 46.0183,
UHMY = 20, UHM{| = 90.4751 and UHMY, =
33.

The FLDM problems’ equivalent single objective
function can be written as follows:

The following is the problem for which the best
solution is sought:

max FF =0.1576x; + 0.061x; — 0.025x3 —

0.37%

subject to

2x1 4+ 2x +x3 < 10

X1 +xp+2x3 <8

X1, X2, x3>0

The following is a problem with the worst possible
solution:

max FV = 0.349x; + 0.328x, + 0.0738x3 —

1.305

subject to

4x1 4+ 3x2 +2x3 <20

3x1 + 5x2 4+ 2x3 < 30

X1, X2, x3 >0

As a result, the optimal FLDM solution is
[0.4108, 0.4467], with x" =[5, 5], x5 = [0, 0] and
x§ =10,0]. Let 8¥ = 0.1, where 8" is a constant
given by the FLDM and is a sufficiently small positive
number.

SLDM constraints should now have xf =[5, 5].
Following that, here are the SLDM problems:

The following is the problem that needs to be
solved in order to get the best solution:
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ma><f2Ll =x1+5xp —5x3+6
X2

max ff = x1 + 7xy + 4x3 + 14
x2

max sz% =2x1 +4xp +6x3+3
X2 -

subject to
2x1 4+ 2x2 +x3 < 10
X1 +x24+2x3 <8
X1 = 5
x2, x3 > 0.
The problem for the worst solution is as follows:
max Y =2x1 4 14xp — 2x3 4+ 17
2

Il}Ele leé =3x; 4+ 17x3 + 12x3 + 19
max f4 = 4x; + 15x2 4+ 9x3 + 10
X2

subject to

4x1 4 3x2 + 2x3 <20

3x1 4+ 5x2 +2x3 <30

xp=5

x2, x3>0

Table 1 shows the individual optimal solutions
for the decision variables and the SLDM’s objective
functions.

The SLDM follows the same steps as the FLDM
to arrive at the following results: the SLDM prob-
lem’s optimal solution is [1.4302, 6.6874], where
xf =15,5],x3 =0, 0], and x5 = [0,0].

Now, the FLDM uses the FLDM satisfactoriness
test function to determine whether the proposed solu-
tion (x%", x5, x3) is a preferred and acceptable.option
to him/her, or whether it should be amended.

|| FE(5,0.0-FE(5,0,0)|

2 = 0'< §F

.00, ’

| F¥5.0.0-F 5,00l F
[Psno], N 7"

As aresult, the FLDM solution (xf , xg , xgg ) is pre-
ferred. The SLDM gives the constant 8% = 0.1, where
85 is a small positivenumber.

Setxf =[5, 5] and x3 = [0, 0] to the TLDM con-
straints. The TLDM problems are then written as
follows:

The following is the problem for which the best
solution is sought:

rr;axffl =x1+5x —5x3+6

3

max fh = x1 + 7xy +4x3 + 14
X3
m3in f3L3 =2x1 +4x, +6x3+3

subject to

2x1 4+ 2x2 +x3 < 10
X1 +x2+2x3<8
x1=95, xo=0

x3 > 0.

The following is a problem with the worst possible
solution:

n}gx fﬁ =2x1 + 14xy — 2x3 + 17

max f = 3x; + 17xp 4+ 12x3 + 19
X3

min £ = 4x; + 15x2 + 9x3 + 10
X3 -

subject to

4x1 4+ 3x2 +2x3 <20

3x1 4+ S5x2 +2x3 < 30

x1=95, xp=0

x3 > 0.

Table 1 shows the individual optimal solutions
for the decision variables and:the*TLDM’s objective
functions.

The TLDM follows the same steps as the FLDM
to achieve the following outcomes:

The TLDM problem’s optimal solution is
[0.589547.6381], where x3T = [0, 0].

Now, the SLDM uses the SLDM satisfactoriness
testfunction to determine whether the offered solu-
tion (xf, x3, x1) is a preferred and acceptable option
to him/her, or whether it should be adjusted.

172 5.0.00 = £ 5.0.0[

=0<355,
175 G.0, 0], -

152 65.0.0 = £/ 5,0.00[,
|2 5.0.00[,

=0<3sS.

As aresult, (x], x3, xI) is the preferred SLDM
solution. As a consequence, F' F —10.4108, 0.4467],
FS =[1.4302, 6.6874], and FT = [0.5895, 7.6381]
are preferred solutions for the NMMLP problem, with
optimal decision variables xf =[5,5], xg = [0, 0],
and xI' = [0, 0].

Example 7.2.

Consider the following features of a balanced
neutrosophic multi-objective transportation (NMOT)
problem:

Supplies:

al =118 +91],
[13 +61].

Demands:

bY =[10 +41], by =12 +81], by =
[14 + 711, b = [15+131].

Costs:

adl =020+171, d =
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[B+211[1+4IT[2+21] [5+41]
N = [14+711 [34+6I1 [4+511 [3+21]
(74411 [5+211 [6+811 [4+1]
(8+3IN[2+T7I[4+11 [3+51]
N_ | [L+6I1 34411 [2+81] [7+7I]
[64+511 [1+21] [84+91] [5+41]
O+ 1B+ +1]  [6+41]

cé": [44811 [S5+6I1 [5+71] [8+21]
[24511 [34+91] [6+31] [7+21]

An NMOT problem is broken into the follow-
ing two crisp balanced multi-objective transportation
problems:

PL . min FL (x) = Bx11 +x12 +2x13 + Sx14 +
x21 + 3xp0 + 4x33  +3x24 + 7x31 + S5x30 + 6x33 +
4x34, 8x11 +2x12 + 4x13 + 3x14 + x21 + 3x20 +
2x23 +7x24 + 6x31 4+ x32 4+ 8x33 + 5x34, 9x11
+3x12 + x13 + 6x14 + 4x21 + Sx20 + Sx23
+8x24 + 2x31 + 3x32 4 6x33 4+ Tx34),

subject to

GL = {x11 +x120+x13+x14 =18

X21 + x20 4+ x23 + x04 = 20

x31 +x32 +x33 + x34 = 13

x11 +x21 +x31 =10

X12+x0 +x3=12

x13 +x23 +x33 = 14

X14 + X4 + x34 = 15

xij >0, =123 =1,2,3.:4).

PY : min FY(x) = (5% +5x12
6x14 + 8x21 + 9x22 4 9x3 + Sx24 + 11x34
+7x32 4+ 14x33 +5x34, 11x11 4+ 9x12 + S5x13 +
8x14 + Tx21 +/Tx20 +10x93 4+ 14x24 + 11x31
+3x30 + 17x33 + 9x34, 10x11 + 10x12
+2x13 +10x14 +12x21 + 11x22 + 12x23
+10x24 4 7x31 # 12x32 + 9x33 4 9x34),

subject to

GV = {x11 +x120 +x13 +x14 =27

X21 + X220 4+ x23 + x04 = 37

x31 +x32 +x33 +x34 =19

X1 +x21 +x31 =14

x12+x22 +x32=20

xX13 + x23 + x33 = 21

X14 + X24 + X34 = 28

xij>0,(G=1,273j=1234)

Table 2 shows the individual optimal solutions for
the decision variables and the balanced NMOT prob-
lem’s objective functions.

+4x13 +

Table 2
Individual optimal solutions for the balanced NMOT problem

I S e

X11 0 0 0 5 0 0
X12 4 0 0 1 0 6
X13 14 4 14 21 18 21
X14 0 14 4 0 9 0
X21 10 10 0 9 14 0
X22 8 0 9 0 20 14
X23 0 10 0 0 3 0
X24 2 0 11 28 0 23
X31 0 0 10 0 0 14
X3 0 12 3 19 0 0
X33 0 0 0 0 0 0
X34 13 1 0 0 19 5
Optimal solution 124 105 200 459 601 629

Calculate the UHM" and UHMY of the opti-
mum values-of the objective functions f:L and f:U,
(s =1,273), respectively. As a result, UHML =
132.812 and UHMY = 552.2454.

We apply the harmonic mean technique to reduce
the NMOT problem into the following balanced
single-objective transportation problems.

STPY : min F* (x) = (0.0362x11 + 0.0109x1>

+0.0127x13 + 0.0254x14 + 0.0109x2;
40.0199x22 4 0.0199x23 + 0.0326x24 ,
40.0272x31 4 0.0163x32 4+ 0.0362x33

+0.029x34
subject to
xeGL
STPY : min FY (x) = (0.1958x1; + 0.1807x1»

40.0828x13 4+ 0.1807x14 + 0.2033x2;
40.2033x22 4 0.2334x23 + 0.2184x4 ,
+0.2184x31 4 0.1656x32 4+ 0.3012x33

+0.1732x34

subject to

xeGY

The optimal interval solution of the balanced
neutrosophic multi-objective transportation problem
is x7, = [0, 0], x7, =[0, 01, xj5 =[12,19], x], =
[6,8], x5, =1[10,14], x5, =[1,3], x3; =[0,0],
x5, =1[9,20], x5, =[0,0], x3, =[11,17], x3; =
[2,2], and x3, = [0, 0]. F* =[0.9788, 14.2605] is
the optimal interval minimum transportation cost.

Example 7.3.

Consider the following features of an unbalanced
NMOT problem:
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Supplies:
aY =[9+431I1,a) =[5+ 111],a) =[21+81].
Demands:
bY =[13 + 511, b) = [10 + 211, bY =[5 + 211,
bY =1[7+131].
Costs:
[4+312+4I1[1+711 [8+21]
N [B3+211 [1+711 [6+411 [2+31]

(64511 [5+511 [7+1] [4+61]

[6+21[1+51][3+41] [4+21]
N_ | [7+3I] [9+61] [6+3I] [6+4I]

6‘2 =
[5+41] [4+51] [24+91] [7+38I]
[8+2I1[6+11[4+311 [7+21]
cQ’: [5+411 [64+211 [9+11 [8+1]

[3+311 24711 [5+811 [4+51]

An unbalanced NMOT problem is broken into the
following two crisp unbalanced multi-objective trans-
portation problems:

PL : min FL (x) = (4x11 + 2x12 + x13 + 8x14
+3x21 + x22 + 6x23 + 2x24 + 6x31 + S5x30 + Tx33
+4x34, 6x11 + x12 + 3x13 + 4x14 + Tx21 + %22
+6x23 + 6x24 + 5x31 + 4x30 + 2x33 + TX34, 8x11
+6x12 + 4x13 + Tx14 + 5x21 4+ 6x22 + 9x23 + 8x24
+3x31 + 2x32 + 5x33 + 4x34)

subject to

X +x2+x3+x4=9

X21 + x22 + x23 + x24 =5

X31 + Xx32 + x33 + x347= 21

x11 + x21 + x31 =13

X12 +x20 +x32.= 10

xX13+x23 +433 =5

X14 +x24 Hx34 =77

x;>0,0=12:3,7=1,2,3,4).

PY :min FY(x) = (Tx11 + 6x12 + 8x13
+10x14 +5x21+ 8x22 + 10x23 + 5x24
+11x31 4 10x33 + 8x33 + 10x34, 8x11 +6x12 +
7x13 + 6x14 + 10x21 + 15x22 +9x23 + 10x24 +
9x31 + 9x32 + 11x33 +15x34, 10x1 + 7x12 +
Tx13 +9x14  +9x21 + 8x22 + 10x23 + 9x24 + 631
+9x37 + 13x33 + 9x34),

subject to

X1+ X2 +x13 +x14 =12

X21 + X220 + Xx23 + x24 = 16

X31 + Xx32 + X33 + x34 = 29

x11 +x21 +x31 =18

X2 +x0+x32=12

Table 3
Individual optimal solutions for the unbalanced NMOT problem

L A . S 4
X11 0 0 0 0 0 0
X12 4 9 0 12 1 5
X13 5 0 5 0 0 7
X14 0 0 4 0 11 0
X21 0 0 5 16 0 0
X2 5 0 0 0 0 7
X23 0 0 0 0 7 0
X24 0 5 0 0 9 9
X31 13 13 8 2 18 18
X32 1 1 10 0 11 0
X33 0 5 0 7 0 0
X34 7 2 3 20 0 11
Optimal solution 129 132 129 430 486 428

X13 + x23 =33 =1

X14 + X247 x34 = 20

x;>0,0=1,2,3,j=1,2,3,4).

Table 3 shows the individual optimal solutions for
the~decision variables and the unbalanced NMOT
problem’s objective functions.

Calculate the UHM" and UHMY of the opti-
mum values of the objective functions f:L and f; v,
(s/=1,2,3), respectively. As a result, UHML =
129.9847 and UHMY = 446.4523.

We apply the harmonic mean technique to reduce
the NMOT problem into the following unbalanced
single-objective transportation problems.

STPL : min F¥ (x) = (0.0403x1; + 0.0202x1>

+0.0179x13 4 0.0426x14 + 0.0336x2;
40.0358x22 4 0.047x23 4 0.0358x24 ,
+0.0314x31 4 0.0246x32 + 0.0314x33

+0.0336x34
subject to

xe G
STPY : min FY (x) = (0.1923x;; + 0.1462x;>

+0.1693x13 4+ 0.1923x14 + 0.1846x2;
+0.2385x22 4 0.2231x23 4 0.1846x24 ,
+0.2x31 4+ 0.2154x3; + 0.2462x33

+0.2616x34

subject to

xeGY

The optimal interval solution of the unbalanced
neutrosophic multi-objective transportation prob-
lemis x7; = [0, 0], x{, = [0, 0], x]3 =[5, 7], x], =
[4,5], x5, = [0, 0], x3, = [2, 2], x33 =[0,0], x5, =
[3, 14], x3; = [13, 18], x3, = [8, 10], x3; = [0, 0],
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andxﬁ4 = [0, 1]. F* = [1.0439, 11.2236] is the opti-
mal interval minimum transportation cost.

8. Conclusion

The neutrosophic multi-objective multi-level lin-
ear programming (NMMLP) problems were mod-
elled using an interactive technique in this paper.
Each neutrosophic problem was turned into two crisp
multi-objective linear problems using the interval
method in the proposed manner. The concept of
harmonic means was then applied to combine the
multiple objectives of each crisp problem into a single
objective. Then, an interactive method for obtaining
the preferred solution to the provided NMMLP prob-
lems has been devised. Finally, in a neutrosophic
environment, an application to determine the opti-
mality for the cost of multi-objective transportation
problem is described. Numerical examples were pre-
sented to test the method’s validity.
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