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Abstract.The classical transportation problem and the solid transportation problem are special types of linear pro-
gramming problems which are very important in Operations Research. In this paper, a solid transportation model is
described, where the total supply of goods is insufficient to fulfil the total demand of goods, due to which the supplier
company tries to obtain the required remaining goods from another source. An expression is derived to determine the
import plan. The parameters of the model are considered to be uncertain and imprecise and are taken as trapezoidal
neutrosophic numbers. The paper gives a general formulation of such a model and an algorithm is proposed to solve
the model. The main objective function of the model present in the manuscript is to minimize the total cost. A for-
mula is provided to check the degree of sufficiency of such a solution. The model is elucidated with a numerical ex-
ample and its solution shows its efficiency and optimality in practical aspect. Finally, the paper provides a brief discus-
sion about the computational time and some relative points of research.

Keywords: Solid Transportation Model, Insufficient supply, Trapezoidal Neutrosophic Number, Ranking function.

1 Introduction

Transportation is the movement of humans, animals, commodities, etc. from one location to anoth-
er. Modes of transport include air, land (rail and road), water cable, pipeline and space. The field can
be divided into infrastructure, vehicles and operations. Transportation is important because it en-
ables trade between people, which is essential for the development of civilizations. It is a key compo-
nent of growth and globalization.

The transportation problem (TP) was first forwarded by Hitchcock [1] in 1941. It is a popular type
of  problem in Operations Research where the decision maker wants to find the optimal way to
transport goods from source warehouses to destination warehouses. So, there are two types of con-
straints, namely source constraints and demand constraints. But, real systems may contain other type
of constraints too such as product type  constraints or transportation mode constraints. This gives a
third dimension to the transportation problem and converts the classical transportation problem into
the solid transportation problem (STP).

The STP was first stated by Schell [2] in 1955 and later, in 1962, it was formally introduced by Ha-
ley [3]. In this paper, we consider that different types of conveyances are required for shipping goods
and so, the third type of constraints here are the conveyance constraints.

The classical theories of Mathematics cannot solve problems which simulate real life situations.
The information is imprecise and uncertain in nature. To deal with vague information, the fuzzy
set theory was introduced by Zadeh [4] in 1965. But, fuzzy sets cannot represent imprecise infor-
mation efficiently as they only consider the truth membership values of the data. Then, Atanassov [5,
6] introduced the concept of intuitionistic fuzzy sets, where the data are represented by their member-
ship and non-membership values. But, they can only handle incomplete information, not indetermi-
nate or inconsistent information.

Smarandache [8] proposed the concept of neutrosophic set theory by adding an independent inde-
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terminacy membership. The neutrosophic set theory generalizes the concepts of classical set theory,
fuzzy set theory,  intuitionistic fuzzy set theory, and so on, since it considers all three aspects of de-
cision-making, viz. “agree”, “disagree” and “not sure”.Basset et al. [24] used Neutrosophic theory to
solve transition difficulties of Internet of Things identifying some challenge affectingthe process by
non-traditional methods. In the article [26], an advance type of Neutrosophic set called type-2 Neu-
trosophic number are defined with TOPSIS method. A green supply chain model is developed incor-
porated with neutrosophic set and robust ranking technique and its performance is shown in decision
making process [25].

Various researchers like Jiménez and Verdegay [7], Yang and Liu [9], Hussain and Kumar [10],
Kundu et al. [11], Singh and Yadav [13], Das et al. [14], Giri et al. [16], Das et al. [18], Aggarwal and
Gupta [19], etc. have studied the classical and solid transportation models in different fuzzy and in-
tuitionistic fuzzy environments. A supply chain model is formulated based on some importance ma-
trices based on economic, environment, social aspect as well as information gathering [23]. A hybrid
pliogenic decision making approach is developed in this regard. Basset et al. [22] developed an evalu-
ation model to show the performance and efficiency of medical care system with pliogenic set.

In this paper, a mathematical model is developed for the solid transportation model. The model is
considered in neutrosophic environment so that we can address the fact of truth, indeterminacy and
falsity arises in the data due to factors like unawareness of the scale of the problem, imperfection in
data, poor forecasting, etc. As the concept of neutrosophic set theory is relatively new, a few of article
is available dealing the transportation or solid transportation models with neutrosophic parameters in
literature. A few of them in this context are by Thamaraiselvi and Santhi [15], and Rizk-Allah et al. [21].

The mathematical model present in this paperdescribes a transportation model shipping a homo-
geneous product from some source warehouses to some destination warehouses by means of hetero-
geneous conveyances. It is assumed that the conveyances have the necessary overall capacity to
transport the whole demanded quantity of the commodity. In this research work, it is considered that
the source warehouses do not have the sufficient quantity of goods to supply at a time and they fall
short of some amount. At that time, the supplier decides to import the goods from another source.
Again, if this new source does not have the requisite amount of goods, it imports the remaining
amount from another source, and so on. This process is continued until the fulfilment of the total de-
mand. It terminates after a certain number of sources, since the total original demand of goods is a
fixed quantity. The paper addresses the general notion of the situation and also the presence of uncer-
tainties in the data.

The main contribution of the paper is to develop the mathematical model for solid transportation
plan to satisfy the demand of customer with insufficient supply of source point.The main objective
function of the model is to minimize the total cost. In this research work, parameters of the model are
considered in neutrosophic environment. Consideration of neutrosophic number gives an ideal ap-
proach of a decision making process dealing the uncertainty with truth, false and in determinant state
of information. In this regard, trapezoidal neutrosophic number is used in this STP model. A proposi-
tion is provided to establish the relation between the import goods and the cost which define a degree
of insufficiency. Hereby, a solution algorithm is given in his manuscript. A numerical example is also
shown to discuss the performance of the model.

In this paper, Section 2 contains some preliminary definitions and concepts regarding the model.
Section 3 describes the model and gives a general formulation of the model. Section 4 is all about the
solution approach to the problem, concerned with the model and Section 5 helps in understanding the
model with the help of a  numerical example and its solution by the given procedure. Finally, Sec-
tion 6 briefly discusses the model along with the computational time of the solution process, exempli-
fied by the numerical example. It also suggests some relative points of research and is followed by the
conclusion.

2 Preliminaries
In this section, we recall some important definitions and concepts.
2.1 Single-valued neutrosophic set [20]
Let X be a non-empty set. Then a single-valued neutrosophic (SVN) set A of X is defined as

A={(x, Ta(x), 15(x), Fz(x)) | x € X},
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where Tz(x), 1z(x), Fz(x) €[0, 1] and 0 < T4(x) + I5(x) + Fz(x) <3, ¥V x € X. Tz(x), [5(x) andF z(x) respective-
ly represent truth membership, indeterminacy membership and falsity membership degrees of x in A.

2.2 Trapezoidal neutrosophic number [20]

A trapezoidal neutrosophic number (TNN) A is a neutrosophic set in R with the following truth,
indeterminacy and falsity membership functions:

X — al
a;(—) fora; < x < a,,
a; —ay
a; fora, £ x < a,,
Ti(x) = a, - x
a;(—) fora; <x < ay,,
(14 - a-3
0 otherwise,
a, —x+60z(x —ay)
- forai < x < a,,
(I2 - a.l
0; fora, <x <as;,
I3(x) = a0 (d —
x—az+0;z(ay —x) ,
; foraz < x < ay,
a, —as
1 otherwise,
a —x + Bi(x —ay
2 »BA(” 1 foral <x<a,
a; — a1
Bi fora, <x<as,
F‘q(x) = _ +/j’w o
x — a3+ falay —x) fora; <x<ay
" 3 = = Uq,
a, —as
1 otherwise,

whereay, 6z and Bz represent the maximum degree of truthiness, minimum degree of indeterminacy
and minimum degree of falsity respectively, az, 0z, Bz €[0, 1]. Also, ai <a; <aj<a,<a; <
a, < a, < aj.

The membership functions of trapezoidal neutrosophic number are shown in Fig. 1.

Ti(x), I3(x), Fz(x)

.

ai @y ay a as ay ai ay
Figure 1: Truth, indeterminacy and falsity membership functions of trapezoidal neutrosophic number.

2.3 Ranking function [20]

A ranking function of neutrosophic numbers is a function R : N(R) — R, where N(R) is a set of
neutrosophic numbers defined on the set of real numbers, which convert each neutrosophic number
into the real line.
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Let A = ((ay, a,, a3, a,); az, 0z, Bz) and B = ((by, b,, by, b,); a5, 05, B5) betwo trapezoidal
neutrosophic numbers.

e IfR(A)>NR(B), then4d S B,
o IfR(A)<NR(B), then 4 < B,
o IfRA)=NR(B), thend ~ B

3 Description and formulation of model

Real life situations regarding transportation of commodities are complex which give rise to various
transportation models. This paper discusses one such situation where the primary “supplier” compa-
ny (say, Y1) has shortage of goods to meet the adequate demand of the primary “purchaser” company
(say, Yo).

It may happen that the total required amount of goods cannot be produced due to shortage of time
or lack of raw materials or some other factors to fulfill the total demand. So, Company Y1 decides to
import the remaining amount of goods from another company (say, Y2) and then transport the aggre-
gate amount to Company Yo. Again, it may happen that Company Y2 faces the same problem, where it
is unable to fulfill the total demand of Company Yi. So, Company Y2 imports the remaining amount
from another company (say, Ys). The chain  continues until Company Y (say) fulfills the total de-
mand of Company Y~-1 (say). The process surely terminates, since the total original demand of
Company Yo is a finite quantity. Here, N is at least 2.

While stating its demand, Company Yo may not be sure about the exact quantity of goods it needs.
This may be due to the nature of the commodities, uncertain market trend and business scope, etc.
Similarly, due to  possible production and technical issues, the supply quantity of goods may be un-
certain. Also, uncertainty may arise in determining the costs of transportation and the exact capacities
of the conveyances due to road issues, weather issues, etc. So, here, all of these parameters in all the N
steps are considered as trapezoidal neutrosophic numbers.

3.1 Assumptions

e The total supply (in stock) of Company Y, from its origin warehouses is insufficient to fulfill
the total demand of the destination warehouses of Company Yp-1(p=1, 2, ..., N-1).

e Company Yp-1is indifferent to the arrangement of goods by Company Yy and Company Yp+1 is
indifferent to the use of the goods imported by Company Yp (p=1, 2, ..., N-1).

e Company Yp does not have any extra warehouse to import goods. It imports the remaining
amount of goods to its existing warehouses (p=1, 2, ..., N -1).

e The warehouses of company Yp have the capacity to hold the remaining amount, but the whole
amount cannot be stored in a single warehouse and is transported to each of the warehouses in
parts (p=1,2,..., N-1).

e The total conveyance capacity of Company Y is greater than or equal to the total demand of
Company Yp-1(p=1,2, ...,N).

¢ Company Yn can supply the remaining quantity of goods, demanded (required) by Company
Yn-1, from its warehouses sufficiently. So, the model saturates in the Nt step and thus it is an
N-step model.

3.2 Notations

. Cffk) : Per unit cost of transportation from the i origin warehouse to the j destination warehouse by the

k™ conveyance in the pt" step.

. x}f;i : Amount of goods to be transported from the i origin warehouse to the j™ destination warehouse

by the k™ conveyance in the p step.
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. : Amount by which the supply falls short in the p™ step.

A?’) : Original amount of supply of the it origin in the p step.

. a?’) : Total amount of supply of the i origin in the p™ step.

. bj(p) : Amount of demand of the j™ destination in the p™" step.

e e, :Capacity of the k™ conveyance in the p™ step.

e my, :Number of origin warehouses in the pth step.

e m,_; : Number of destination warehouses in the pt" step.

e K, :Number of conveyances in the p™ step.

. Aci(p) : Average per unit cost of transportation from the i origin in the pt" step.

e H® :Harmonic mean of ACL.(I’) s(i=1,2,...,m,)inthe pt" step.

3.3 Formulation

The model is formulated mathematically as follows:

Min z® = 3" 377 Ly Bl p=12,...,N (1)
Subject to

s 2ol <a®; p=12,. N i=12mam,  (2)

S e B 2P p=12, N =12, myy (3)
Sl <ePs p=12..,N  k=12....k,  (4)

and xl(fk) >0 ¥p,ijk (5)

where
a® = AP + P p=12,n=1 i=12,my,  (6)
a™ = aMi=12, . my (7)

b].(p) = {%j P=23 e, N;  j=12,myy (8)
xP =y P -5 AP > o; p=12 . N=1 (9)
AP =3 n e p=12, N1 i=12,......,m,(10)
H® = p—’”l; p=12,....N—1 (11)

As it can be seen, there are N objective functions in (1) for N steps (p =1, 2, ..., N) of the model. Here, the
value of N is always a finite natural number greater than or equal to 2. (2), (3) and (4) are the supply, demand
and conveyance constraints respectively. The non-negativity constraints (5) are must, since the quantity of goods
is always non-negative.
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»)

ijk
xi(}’k)denote quantities of goods to be transported and in reality, any manager or decision maker would want to ob-
tain the crisp optimal solution of the problem through considering vague, imprecise and inconsistent information

while defining the problem.

Here, all the parameters and the decision variablesx;;’ are taken as trapezoidal neutrosophic numbers. But,

Equation (8) is used to calculate bj(p)’s (crisp values) after all the given parameters are converted into their
corresponding crisp values by a suitable ranking function. So, (8) becomes

xgp‘l)H(p—l)

b].@) = ; p=23..N, J=12,.,m,_,. (12)

(p-1)
AC}. my,_y

Proposition 3.3.1

If the import plan due to insufficient supply for each supplier Company Yy, (p =1, 2, ..., N — 1) is —
“import the highest quantity of goods from Y +1 to that warehouse jfrom which the average per unit cost of
transportation of goods to Yp_1 is minimum”, then the import plan (quantity of goods to be imported to each
warehouse j) is mathematically given by:

(r-1) y(p-1)
X HY
b@:[si ; p=23,.,N, j=12,..,m

7 |ac®m

p—-1
Proof:

Here, bj(p) ’s denote the demands of the destination warchouses in the pt" step, which are also the origin
warehouses in the (p — 1) step. In the p™ step, we want to import the highest quantity of goods to that
warehouse jfrom which the average per unit cost of transportation of goods A AC}.(”’”minimum. So, b].(”)in-
versely proportional to  A¢*iee.,

1
®)
bj ocAc(p_l)
J
. 1
®)
ie., W e —
b} K:Ac(p_l)
j
where x is the proportionality constant.
Now, total demand = x_?"l)
; Mp-1, () _ (-1
"e"2j=1 bj =x,
i Mp-1 1 _ 1
|.e.,2j=1 KAC/(},_D = X
(p—-1)
ie, K= 7,11:(_‘:71
Zj=1 oD
j
-1) _ Mp-1 _ Mp-1
BUt,H(p )_ mp-1 1 - «Mp-1 1
=1 4PV =1 pcPm
i j
(P‘l)H(p_l)
Therefore, =5 -
Mp—1
@1 1 (p-1)
H
And so, b =5 — (13)
AC} mp_l
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Now, while calculating b}_(p)’s using (13), rounding off their decimals may result in loss of significant quantity of
xgp_l) ’s. So, we use the ceiling function and hence, obtain

b].@) = : p=23..N, J=12,.,m,_,.

xép-l)H(p—l)l
-1

ch(p )mp—l
4 Solution approach

An approach is suggested to find the optimal solution of such problems. The step by step procedure is as
follows:

Step I. Collect the information for a given problem as trapezoidal neutrosophic numbers from the decision
makers with the information that we always want to maximize the truth degree and minimize the
indeterminacy and falsity degrees of the data.

Step II. Construct the neutrosophic solid transportation table of the given problem for p = 1.

Step I11. Convert all the trapezoidal neutrosophic numbers into their equivalent crisp values by the use of the
ranking function, proposed by M. Abdel-Basset et al. [20], which is given by:

al+ a®-3(a™+ a™2)
2

R(a) =

+ confirmation degree,

or mathematically,

al+ at—3(a™!+ a™2)
2

R(@) = + (Ts— I — F), (14)

where T3, |z and Fsare respectively the truth, indeterminacy and falsity degrees of the trapezoidal neu-
trosophic number & = (a', a¥, a™, a™). Here, a', a, a™and a™are the lower bound, upper bound, first
median and second median values of & respectively, which can be obtained from the form a=
(a1, az, as, as) by the transformations: a' = a,, a“=as, a™ =a,—a; and a™ = a, — as.

Step IV.Compute  xP
Step V. Calculate bj(p) >s for p = 2 using (12).

Step VI.  Construct the crisp solid transportation table for p = 2 using the ranking function (14) for the values
of supply and conveyance capacity.

)r p = 1 using the crisp form of (9).

Step VII. Repeat Steps (IV — V1) until some P (say, for p = N) is found, which can be totally satisfied by
the next supplier company (Yn). s

Step VII1.Caleulate b”’s for p = N using (12).

Step IX.  Construct the crisp solid transportation table for p = N using the ranking function (14) for the values
of supply and conveyance capacity.

Step X. Solve the crisp solid transportation table for p = N using a standard method as used for solving a
general crisp STP and obtain the optimal solution for this step.

Step XI.  Compute the new crisp values of supply for p = N — 1 using the crisp form of (6) and similarly,
solve the table for p = N — 1 as solved for p = N.

Step XII. Repeat Step XI and similarly, solve the tables forp=N-2,N-3, ..., I.

Step XI111.Conclude the solution with the degree of sufficiency #, which is defined as:

N-1
1 ()
n= mz n, (15)
p=1
mp _(p) mp A (p)
att =) A
where n(p)=2*=1 L LA -1 (16)
xs(p)
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The proposed solution approach in the paper is a first of its kind. The solution approach is depicted as follows:

SOURCES S

(TOTAL

o CONVEYANCES

AVAILABILITY = X,

(VIEN

Transportation Possible if X>Y

SOURCES S

e CONVEYANCES

AVAILABILITY = X

Transportation Not Possible if X <Y

The model proposed in the paper makes the transportation possible in the second case (shown above).

5Numerical example

Suppose, Company Y has to transport a commodity (e.g., wheat) to Company Y. But, it falls short of some
amount and wants to import the required amount from Company Y. Similarly, Company Y does not have the
sufficient amount of wheat to fulfill the total demand of Company Y1, so Company Y imports the required
amount from Company Ys. It is assumed that Company Y3 has the right amount of wheat to fulfill the total
demand of Company Y.

The neutrosophic data for the transportations Y1— Yo, Yo— Yiand Yz — Yz are given in Table 1, Table 2
and Table 3 respectively. For the sake of simplicity, (T, ls, Fs) is taken as (0.9, 0.1, 0.1) for all the trapezoidal
neutrosophic numbers. The costs are considered in INR and the commaodity is measured in kilograms.

Conveyance
Capacity
Y1—Yo EY EY (3150,4500,170,185)
EY EY (4100,5200,200,180)
Egﬂ Egﬂ (2900,3850,175,190)
D?) Dé” Supply
ol (50,65,7,6) (40,60,7,7) | (90,110,8,9) | (80,100,6,8) | (40,555,7) (55,70,4,3) (1300,1600,140,170)
o (70,80,6,9) (80,95,6,4) (65,75,4,6) (30,45,7,5) (50,70,3,5) (65,85,6,7) (1650,2000,165,150)
0‘31) (60,80,6,5) (45,60,4,5) (70,85,9,6) (60,85,6,7) (75,95,8,5) (95,115,7,4) (1050,1400,120,135)
Demand (4500, 5700,250,230) (5000,6500,245,260)
Table 1:Neutrosophic data table for Y; — Y.
Conveyance
Capacity
Y2—Y: E® E® E? (3400,4150,150,130)
E? E® E® (3250,3900,155,140)
i D oy Supply
0‘12) (90,110,10,8) (50,70,4,6) (40,55,5,7) (70,85,9,6) (35,55,4,5) (75,85,8,6) (1000,1300,120,135)
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a;z’ (75,90,7,8) (65,80,6,5) (85,95,6,6) (50,60,4,3) (60,80,4,6) (60,85,9,7) (1250,1500,145,160)
o» (80,90,6,7) (90,105,9,8) (55,75,8,7) (75,90,5,5) (100,120,5,7) (40,55,6,5) (1000,1350,105,125)
Of) (30,50,4,4) (70,85,5,6) (80,95,5,7) (60,80,4,6) (65,75,8,7) (50,65,4,3) (1200,1450,110,100)
Demand () () ()
Table 2:Neutrosophic data table for Y, — Y.
Conveyance
Capacity
Y:— Yo ED ED ED EY (1650,1950,135,140)
E® E® E® EP (1800,2200,140,150)
)Y D;” D" Dy Supply
0;3) (85,95,7,8) | (35,50,4,5) | (60,75,8,6) | (70,80,9,7) | (50,60,3,6) | (50,70,4,6) | (80,95,7,5) | (30,50,4,6) | (1150,1350,105,100)
of) (70,85,6,7) | (45,60,6,5) | (50,70,4,6) | (40,60,4,5) | (80,95,8,6) | (60,70,4,6) | (50,65,4,3) | (85,95,8,7) (800,1100,90,95)
0‘33’ (50,70,5,4) | (65,75,7,4) | (85,95,7,7) | (75,90,9,6) | (45,60,5,4) | (55,70,5,5) | (35,55,4,5) | (50,65,5,6) | (1400,1700,115,135)
Demand () () () ()

Table 3:Neutrosophic data table for Y3 — Y.

The crisp tables are solved with LINGO 17.0 software. Table 4, Table 5 and Table 6 show the optimal crisp
solutions for Yz — Yy, Yo2— Y7 and Yi1— Yy respectively.

The minimum values of the objective functions are given below:

pAON
@
pON

3308719.43
3216642.65
%90474.05

The degree of sufficiency # is found out to be 0.00062.

Conveyance
Capacity
Y;—>Y; E(13) E(13) E(13) E(13) 1388.2
EY EY EY E® 1565.7
by DY b DYy Supply
053) 0 737 0 0 0 0 0 184.7 943.2
(68.20) (29.70) (47.20) (51.70) (42.20) (45.70) (70.20) (25.70)
o® 0 0 0 644 0 0 0 0 673.2
(58.70) (36.70) (45.70) (37.20) (67.20) (50.70) (47.70) (68.20)
o 0 0 0 0 585 0 517.3 0 1175.7
(47.20) (54.20) (69.70) (60.70) (39.70) (48.20) (32.20) (41.70)
Demand 737 644 585 702
Table 4:Optimal solution table for Y; — Y.
Conveyance
Capacity
Y2 - Y1 E® E® E® 3355.7
EP EP EP 31332
i D g Supply (new)
g‘lz) 0 0 1087.9 0 4173 0 1505.2
(73.70) (45.70) (30.20) (55.70) (32.20) (59.70)
0P 0 507.3 0 1052.1 0 0 1562.2
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(60.70) (56.70) (72.70) (45.20) (55.70) (49.20)
o® 0 0 0 0 0 14157 14157
(66.20) (72.70) (43.20) (68.20) (92.70) (31.70)
0y 17127 0 0 0 0 0 17127
(28.70) (61.70) (70.20) (55.70) (48.20) (47.70)
Demand 2220 2140 1833

Table 5:Optimal solution table for Y, — Y.

Conveyance
Capacity
Y1— Yo B EY 3293.2
Eg) ES) 4080.7
E;ﬂ E;ﬂ 2828.2
Dy’ by’ Supply (new)
0?) 0 1705.7 0 0 1500 0 3205.7
(38.70) (29.70) (75.20) (69.70) (30.20) (52.70)
o 0 0 0 3293.2 0 200 3493.2
(53.20) (73.20) (55.70) (20.20) (48.70) (56.20)
oL’ 0 875 1800 0 0 0 2676.2
(54.20) (39.70) (55.70) (53.70) (66.20) (89.20)
Demand 4380.7 4993.2

Table 6:Optimal solution table for Y; — Y.

6Discussion

The model, discussed in this paper, is a very interesting solid transportation model, which can be
useful in the business sector. It can be safely concluded that the problem of insufficient supply that
arises in the model, is dealt with effectively, as the degree of sufficiency n is positive for the given ex-
ample and is very close to 0 (zero). 1 should always be non-negative and the closer 1) is to zero, the
more sufficient the solution is for the model.

The numerical example given above is a 3-step model with fewer amounts of data. The computa-
tional time for this problem is not too high, but in real systems, the data is greater in amount and so,
higher will be the computational time. The computational time T for an N-step model may rough-
ly be given by the expression:

T = Ca(n) + Co(n) + Sol(n),

where

Ca(n) is the total time component for calculatio: b]-(p) s'’s,

Co(n) is the total time component for conversion ot the trapezoidal neutrosophic numbers into crisp
values,

Sol(n) is the total time component for solving the crisp data,

and all these components depend on the amount of data 7, each of them varying directly with n.

Clearly, the amount of data n consists of N heterogeneous components. So, Ca(n)has N — 1 sub-
components, Co(n) has N sub-components and Sol(n) also has N sub-components. For the given numer-
ical example, Ca(n) has 2 components, while Co(n) and Sol(n) have 3 components each.

Equation (12) is a key part of the solution method and a point of research for constructing a more ef-
ficient model. The degree of sufficiency 1 is evidently dependent on (12). The ranking function (14)
converts the  trapezoidal neutrosophic numbers into their equivalent crisp values effectively by con-
sidering the degrees of all three aspects of decision, but efforts can be made to construct a better rank-
ing function to get more accurate crisp models and better results. The model may also be considered
with a time constraint (along with some time penalty) for each supplier. Also, as we know that the
notion of neutrosophic set theory is relatively new and it broadly covers all the aspects of decision mak-
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ing, so there is a good potential for its extensive research and applications in complex logistic sys-
tems.

7 Conclusion and future scope

The solid transportation problem is a significant problem in Operations Research, where the pri-
mary goal is to transport commodities from some source warehouses to some destination warehouses
via different modes of conveyance. This paper formulates a model, where the source cannot fulfill the
total demand and brings in the required amount from another source, which in turn, if unable to sup-
ply the necessary amount, brings in the remaining amount from another source, and so on. An ex-
pression is derived to provide the distribution of =~ demand of the deficient quantity of goods among
the importing warehouses. The paper also considers the impreciseness and uncertainty that may
exist in the data and takes the input as trapezoidal neutrosophic numbers. An approach is presented
to solve the model and the quality of the solution is checked with the degree of sufficiency. Also,
the computational time is shown for the model and it is believed that the model is useful and has an
interesting scope.

In this manuscript, the mathematical model has considered the minimization of cost as an objective
function. But it is very important to complete the fulfilment of demand of customers as early as possi-
ble. Therefore, for future research, one can consider the minimization of time as an objective function.
In the business purpose, profit is essential to grow. In this regard, maximization of profit can be treat-
ed as an objective function for further study. In this manuscript, uncertainty is used in terms of trape-
zoidal neutrosophic number. But in the direction of future research, one can use different parameters
e.g. uncertain number, fuzzy number, type-2 fuzzy number etc. To solve the problem, genetic algo-
rithm can be developed in future research.
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