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Abstract

The transportation issue pertains to the reservation of fully loaded vehicles, which may include light
commercial vehicles, medium-duty trucks, and heavy-duty trucks, among others. The transportation
costs are incurred irrespective of whether the vehicle’s capacity is fully utilized. Moreover, instead
of transporting a single item, it may be essential to transfer various types of items from multiple
sources to different destinations utilizing a variety of conveyances. The optimal transportation
approach can be affected by several factors, such as the volume and weight of each product unit,
as well as the insufficient availability of a sufficient number of specific vehicle types. This paper
introduces a formulation of a multi-objective, multi-item solid transportation problem that considers
all these factors. The problem is characterized by transportation cost and time parameters that are
treated as fuzzy variables. By utilizing the credibility theory of fuzzy variables, a chance-constraint
programming model is created and subsequently transformed into its deterministic equivalent.

Lastly, a numerical example is included to illustrate the problem.

Keywords: Solid transportation problem; Credibility theory; Chance-constrained programming.

1. Introduction

As a generalization of classical transportation problem (TP), the solid transportation problem (STP) has
been extended by considering some extra constraints along with source constraints and destination
constraints. The STP was first presented by [14] considering the conveyance capacity constraints.
Recently the STP has been studied by many researchers by describing it with many models and
methods under different uncertain environments.

The majority of the papers referenced earlier examined STPs by taking into account the total available
capacities (space) of conveyances, as well as the transportation cost associated with each unit of
product transported. However, in transportation systems where full vehicles must be considered for
the movement of products, various issues arise in the formulation of the problem. For instance, the

transportation cost of a vehicle does not depend on whether the vehicle’s capacity is fully utilized; there
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are also considerations regarding the volume and weight capacities of the vehicles, as well as limitations
on the number of certain types of vehicles, among other factors. Furthermore, prior research primarily
focused on the travel time of vehicles, yet it is crucial to also consider the loading and unloading times
of products, which are influenced by both the types of vehicles and the characteristics of the products.
In this paper, we introduce a multi-objective multi-item solid transportation model that addresses all
these concerns. The problem presented is formulated with transportation time and cost parameters

treated as fuzzy variables.

2. Preliminaries

A fuzzy variable [34] is defined as a function from the possibility space (®,p, Pos) to the set of real
numbers R to describe fuzzy phenomena, where possibility measure (Pos) of a fuzzy event {¢ € B},

B C R is defined as
Pos{& € B} = sup puz(x),

x€B
where piz(x) is the possibility distribution of &

For normalized fuzzy variable (sup, .y #z(x)=1), necessity measure (Nec) is defined as

Nec{¢ € B} =1—Pos{¢ € B} =1 —sup pz(x)

xX€EB*
and the credibility measure [27] of {& € B} is defined as

1

Cr{¢ € B} = ~(Pos{& € B} + Nec{& € B}).

N |

Optimistic and pessimistic value: Let ¢ be a fuzzy variable and a € [0,1]. Then, a-optimistic value

and a-pessimistic values of ¢ are defined as follows.
ffsup(uc) =sup{r:Cr{&>r} >a},

Cinp(a) = inf{r: Cr{ <r} > a}.

Example 2.1. Let &= (r1,72,73,74) be a trapezoidal fuzzy variable. Then its a-optimistic and w-pessimistic

values are as given below.

- 2ar3 4+ (1 —2a)ry, ifa <0.5
(?sup(“) = )

(2a —1)r1 +2(1 —a)rp, ifa > 0.5.
- (1 —2a)r1 + 2ary, ifa <0.5
(?inf(“) =

2(1 —a)rs+ (2a — 1)rg, ifa > 0.5.



Transportation Problem of Multi-objective Multi-item Solid... / Aashish Bankar, Makhansingh Chouhan 67

3. Problem Explanation and Model Development

In many practical transportation scenarios, full vehicles?such as light commercial vehicles, medium-
duty trucks, heavy-duty trucks for road transport, and coaches for rail transport?must be reserved,
and the number of vehicles is determined based on the quantity of products to be transported along a
specific route. In this case, the full transportation cost of a vehicle must be paid regardless of whether
the vehicle’s capacity is fully utilized by the products.

In this study, we have taken into account the travel time, as well as the loading and unloading times for
each type of vehicle. We also consider the weight capacities of the vehicles. Furthermore, the number
of vehicles of a specific type of conveyance may be restricted for certain routes. In such cases, it is
essential to factor in a constraint regarding the number of available vehicles. This limitation on the
number of vehicles can significantly impact the optimal transportation strategy. For instance, if there
are not enough vehicles of a particular type of conveyance available, it may necessitate the use of a

different type of conveyance that incurs higher costs.

3.1 Model formulation

Different parameters and decision variables as used to formulate the mathematical model are given

bellow:

Parameters

p Type of Items/products; p = 1,2, ..., 1

i Source of transportation /origin of transportation; i =1,2,...,m

i Destination of transportation/demand point; j = 1,2,...,n

k Types of vehicles used; k = 1,2, .., K

tijk Time required to travel from source i to destination j through
used vehicle of type k

Xpk Time of loading and unloading one unit of item p for the vehicle of type k

Cijk Per trip transportation cost of a vehicle of type k for traveling from origin i
to destination j

Vi Volume capacity of a vehicle of type k

Wi Weight capacity of a vehicle of type k

2 Volume of one unit of product p

w? Weight of one unit of product p

at Amount of a product p available at origin i

b? Demand of the product p at destination j

Qrk Number of available vehicles of type k



Transportation Problem of Multi-objective Multi-item Solid... / Aashish Bankar, Makhansingh Chouhan 68

fi The objective value

Decision variables

xfjk Amount of item p transported from source i to destination j using
vehicles of type k
Zijk Number of required vehicles of type k for transporting goods from

source i to destination j

The proposed bi-objective MISTP model with vehicle cost, volume and weight capacity is formulated

as follows:
m n K
Min fi = Y Y ) cii zije 1)
i=1j=1k=1
m n K !
Minfo = Y 3 ) (e zig+ Y apr i), 2)
i=1j=1k=1 p=1
n K
subject to Z Z xl’;k < af, i=12,.mp=12.1, 3)
j=1k=1
m K
Y xh = b, j=12.,mp=12.1 4)
i=1k=1
!
) vr’xf;k < oz Ve i=1,2,.,mj=1,2,..,m;k=12,.,K, (5)
p=1
!
Y wf’xfjk < oz Wi i=1,2,.,m;j=1,2,.,mk=1,2,..,K (6)
p=1
m n
YN oz < Qpk=12..K 7)
i=1j=1
ka Z 0/ v i/j/ k/ p (8)

We consider, the first objective function is, f; represents the total transportation cost, and the second
objective function, f, represents the total time (one complete trip durations), where t;j represents the
the travel time for each vehicle of type k from source i to destination j, and 2221 X pk ka represents
the loading and unloading time of all types of items transported from source i to destination j for the
vehicle of type k.

The constraint (3) ensures that total transported amount of each type of item from some source must
be equal to or less than the availability (a!) of the item in that source. The constraint (4) indicates
that total transported amount of each type of item from the sources should satisfy the demand (b]’.’ ) of
destination.

The constraint (5) ensures that total transported amount of products must be equal to or less than

the total volume capacities of all types of allocated vehicles from a source i to a destination j. The
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constraint (6) ensures that weights of total transported products must be equal to or less than the total
weight capacities of all types of allocated vehicles from a source i to a destination j. The constraint (7)
is imposed on the availability of vehicles of type k for the source i to destination j.

Consider that transportation cost c;j, travel time t;, loading and unloading time ay; in the above

model are represented by fuzzy variable respectively as follows:

< _ (1 2 3 4
Cijk = (Cijk' Cijks Cijkr Cijk)l
T 4
tz‘]’k - (t1]k' t1]k’ tl]k’ t1]k)

Apk = (D‘pk/ ‘ka/ apk’ “pk)

for all i, j, k and p. Then the problem (1)-(8) becomes

m n K

Min ]?1 = Z Z Z 51]k Zijks (9)

i=1j=1k=1
m n K 1

Min fo =Y Y ') (Fjzij+ ) @p ijk), (10)
i=1j=1k=1 p=1

subject to (3) — (8). (11)

Since jjx are trapezoidal fuzzy numbers and z;j > 0 for all 4, j, k, so

K

m n
A=Y 1) Gz
j=1

i=1j=1k=1
is also trapezoidal fuzzy number for any feasible solution and given by

f1=(r1,7r2,73,74),

where

n K
Yo ) Cizjk Zijks (12)

j=1

Mw
Il
IngE

)

||
M=

1
Cijk Zl]k 7 T
1k

K

>
[uy

Il
=
‘N
Il
—_
Il
—
.

K
E C;L]-k Zijk' (13)

||
IngE
™=
IngE
™=

Il
—
Il
-
Il
—
I
-

j j

Similarly fijk, &y are trapezoidal fuzzy numbers and xfjk > 0 for all i,,k, p. So fz can be represented
by

fz = (51,52, 53154),
where

n K 1
Z E (tizjk Zijk + Z IX%k ijk), (14)

j=1lk=1 p=1

||
[\15

||
[\13

n K
E Z ijk Zijk T Z “pk ka
p_

j=1k=1

Il
—
I
—

i



Transportation Problem of Multi-objective Multi-item Solid... / Aashish Bankar, Makhansingh Chouhan 70

||
NgE

n K
Z Z ijk Zijk + Z apk xz;k

j=1k=1

I1:
I

i

n K 1
> Y (t zipe+ ) o xly)- (15)
p=1

j=1k=1

4. Solution Methodology: Chance-constrained Programming

Applying this method using credibility measure for the above problem with fuzzy transportation costs

and time parameters, the following chance-constrained programming (CCP) model is formulated:
Min (1\/[i].’1f‘1 f_l)/ (16)
Min (Ming, f2), (17)

m n K
s.t. CT’{ZZ Z ijk Zl]k <f1} > 1, (18)

i=1j=1k=1
m n K . ! B
Cr {Z Yoy (Fijk Yijk + Y. X pk Xf}jk) < fz} > 7, (19)
i=1j=1k=1 p=1
subject to (3) — (8). (20)
Since our problem is minimization problem, for the objective functions (9) and (10) we want to

minimize ;7-pessimistic and y-pessimistic values of f; and f, respectively, where 7 and 7y (0 < 17,y < 1)

are preassigned values. More specifically, for the objective function (9) we want to minimize

inf{fi: Cr{f1 < f1} > n}

which is represented by (16) and (18) together. Similar explanation follows for (17) and (19). so that
(16) and (18) together represent that we are going to minimize smallest possible f; with the condition
that the credibility degree that the respective objective function f; less than or equal to it should be at

least the preassigned numbers 7.

4.1 Deterministic form of the CCP Model

In the above CCP model, Min, fi, st.

=

Yy

i=1j=1k

Ciik zig < i} > 1
1

can be equivalently computed as

fi =inf{r: Cr{fi <r} >},
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which is nothing but ;-pessimistic value to f; and so is equal to f], where

£ (1—=2y)r1 421 12, if 7 <0.5;
1 pr—
2(1=mn)rs+ (2n —1)ry, ify > 0.5.

Here 1y, 12, r3, 74 are given in equations (12) and (13). Similarly Minf-2 fz, s.t.

NgE

Cr{

1

n K !
Y (B vige + ) @pi xfjk) < fa} =27
j=1k=1 p=1

Il
—

is equivalent to

fy=inf{s: Cr{fr <s} >},
which is nothing but y-pessimistic value to f» (i.e. fo, /(7)) and so is equal to f, , where
f (1 —27)s1 + 27 sy, if v <0.5;
2 pu—
2(1 —)s3+ (2y —1)sq, if v > 0.5.
Here s1, 57, s3, 54 are given in equations (14) and (15).
Finally crisp form of the above CCP Model can be written as
Min f1,
Min f;,

subject to (3) — (8).

(21)

(22)

To solve the deterministic multi-objective problem, we apply two multi-objective optimization methods,

namely, the fuzzy programming technique [3,46] and global criterion method which are discussed

briefly in the next section.

5. Method Used to Solve Multi-objective Optimization Problem

Consider a multi-objective optimization problem with R objective functions:
Min F(x) = (fi(x), f2(x), ... fr(x))" st. xeD,
where D is the set of feasible solutions.

Fuzzy Technique

The steps to solve the multi-objective models using fuzzy programming technique are as follows:

Step 1: Address the multi-objective challenge by treating it as a single objective issue, focusing solely
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on one objective f; (t =1,2,..,R) at a time (disregarding all other objectives) to derive the optimal

solution x™* for R distinct single objective problems.

Step 2: Calculate the values of each objective function at all these R optimal solutions x™* (t = 1,2, ..., R)

and find the upper and lower bound for each objective given by

Ur = Max{f:(x'*), fr(x*), .., fr(x"*)}

and L; = fi(x™), t = 1,2, ..., R respectively.
Step 3: Then an initial model is given by
Find x

subjectto  fi(x) <L; t=1,2,..,R

and x € D.
However, generally due to conflicting nature of the objective functions, feasible solution of the above
model does not always exists.

Step 4: Construct the linear membership function y;(f;) corresponding to t-th objective as

1, if fr <Ly
ue(fe) = u&%ﬂéf), if Ly < fr < Uy
0, if fy > Uy, Y t.

Step 5: Formulate fuzzy linear programming problem using max-min operator as

Max A

subject to A < u(fy) = (Uy — fi)/ (Uy — Ly), Vt

and x € D,

A >0and A = min{p(fr)}.

Step-6: Now the reduced problem is solved by a linear optimization technique and the optimum

compromise solutions are obtained.

5.1 Global Criteria Method

The steps of this method to solve the multi-objective models are as follows:
Step-1: Solve the multi-objective problem as a single objective problem using, each time, only one

objective f; (t =1,2,...,R) ignoring all other objectives.
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Step-2: From the results of step-1, determine the ideal objective vector, say (fmin, fmin, _ fmin) and

corresponding values of (f{", f3"®, ..., fRX).

Step-3: Formulate the following auxiliary problem
Min G(x)

st. xeD,

t

or, G(x) = Min{ Z <M)q}}],

where 1 < g < co.

An usual value of g is 2. This method is then called global criterion method in L, norm.
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