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Abstract

A stochastic transportation problem is considered here on which exponential distribution is used to all

constraints containing parameters like supply and demand and cost coefficients of objective function have

multi-choice. The proposed multi-choice stochastic transportation problem is transferred to an equivalent

deterministic model. A new transformation technique is introduced to manipulate cost coefficients of

objective function involving multi-choice or goals for binary variables with additional restriction. The

additional restriction depends on the number of aspiration levels associated with each cost coefficient of

objective function. The specified probabilistic constraints are transformed into an equivalent deterministic

constraints using stochastic programming approach. Finally, an example is presented to illustrate the

transformation technique and to demonstrates the effectiveness and usefulness of the specified proposed

model.
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1 Introduction

The classical transportation problem can be described to a special case of linear programming problem and

its models applied to determine an optimal solution of the transportation problem required for deterministic

of how many units of commodity to be shipped from each origin to various destinations, satisfying availability

(source) and demand (destination), while minimizing the total cost of transportation. In such situation, we

should consider the requirement of goods at each demand points, variety of shipping routes and associated cost

of distribution or transportation of goods or products from each origin to each destination as the exponential

random variables on replacement of the parameters.

Stochastic programming deals with situations where some or all of the parameters of the optimization

problem are described by random variables rather than by deterministic quantity. The random variables of

the sources and destinations may be several, depending on the nature and the type of problem. Decision

making problems of stochastic optimization arises when certain coefficients of the optimization model are not

fixed or known but are instead, of some extent, random quantities.

The exponential distribution is an example of a continuous distribution. Gamma distribution becomes an

exponential distribution by suitable choice of the parameters. It has lot of applications such as the elapse
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of time before an earthquake in a given region, a customer wait for entering in a shop, a piece of machinery

work without breaking down, the rate of incoming telephone calls differ according to the time of a day, the

time until a radioactive particle decays, the amount of time in months a car battery lasts, the duration of a

certain time interval comprised between the time and for any time instant, etc. Here we can also apply this

distribution in transportation problem.

The probability density function of gamma distribution with shape and scale parameters δ and λ as follows:

f(x;λ, δ) =
λδxδ−1

Γ(δ)
e−λx, x ≥ 0, λ > 0, δ ≥ 0. (1.1)

If we consider the shape parameter δ = 1 and scale parameter λ = 1/θ, where θ > 0, then the above density

function of gamma distribution transferred into an exponential distribution as:

f(x; θ) =
1

θ
e−

x
θ , x > 0. (1.2)

In recent years, methods of multi-choice stochastic optimization have become increasingly important in sci-

entifically based on decision making involved in practical problem arising in economic, industry, health care,

transportation, agriculture, military purpose and technology.

Gupta et al. [5] observed to generate the gamma random variate using generalized exponential distribution

when shape parameter lies between 0 and 1. Sahoo et al. [10] presented the probabilistic problems with

exponential random variables.

In the typical transportation problem, we consider the situation having m origins (sources) Si (i =

1, 2, · · · ,m) and n destinations (demands) Dj (j = 1, 2, · · · , n). The sources may be production facilities,

warehouses, supply points and the destinations are consumption facilities, warehouse or demand points. Let

the supplies (a1, a2, · · · , am) be the quantity of homogeneous product, which we want to transport from m

origins Si (i = 1, 2, · · · ,m) to n destinations Dj (j = 1, 2, · · · , n) which satisfy the demands (b1, b2, · · · , bn) are

respectively. The coefficient Ckij of the objective function could represent the transportation cost, unfulfilled

supply and demand, and others, are provided with transporting a unit of product from source i to destination

j.

The mathematical model of the multi-choice transportation problem is presented as follows:

min : z =

m∑
i=1

n∑
j=1

Ckijxij , k = 1, 2, · · · ,K (1.3)

subject to

n∑
j=1

xij = ai, i = 1, 2, · · · ,m (1.4)

m∑
i=1

xij = bj , j = 1, 2, · · · , n (1.5)

xij ≥ 0, ∀ i and j. (1.6)

Here z represents the minimum value of the objective function and it is assumed that ai > 0, bj > 0, and

Ckij > 0 and
∑m
i=1 ai 6=

∑n
j=1 bj (for unbalanced transportation problem).

Hitchcock [6] first considered the problem of minimizing the cost of distribution of product from several

factories to a number of customers. He developed a procedure to solve the transportation problem, which

is close resemblance with the primal simplex transportation method developed by Dantzig [4]. Biswal and

Acharya [1] presented the transformation of a multi-choice linear programming problem in which constraints

are associated with the multi-choice parameters. A method for modeling the multi-choice goal programming

problem, using the multiple terms of binary variables was presented by Chang [2]. He has considered a

mathematical model where the multiplicative terms of binary variables are replaced by continuous variable
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[2]. He has also proposed a revised method for multi-choice goal programming model which does not involve

multiplicative terms of binary variables to model the multiple aspiration levels [3]. Mahapatra et al. [7]

discussed the solution procedure using fuzzy programming technique in the objective function and stochastic

programming approach has been applied for the randomness of source and destination parameters in an

inequality type of constraints of the transportation problem. In [8], Mahapatra et al. have also discussed

the computational procedure of multi-objective transportation problem with joint constraints involving the

constraints in probabilistic nature. They have assumed that Ckij (k = 1, 2, · · · ,K) are deterministic constants

and ai (i = 1, 2, · · · ,m) and bj (j = 1, 2, · · · , n) may be random variables in multi-objective stochastic

transportation problem.

Most of the researchers, such as [7], have presented the solution procedure for using the membership

function of the fuzzy programming technique in the objective functions and the constraints involving source,

destination are followed by the normal distribution.

In this paper, we present a multi-choice stochastic transportation problem with two probabilistic con-

straints realizing from the real life problem. Both the probabilistic constraints are inequality type and the

parameters (supply and demand) are follow exponential distribution. The cost coefficients of the objective

function are multi-choice where we use a new transformation technique to solve it. Binary variable and ad-

ditional restrictions are introduced to formulate a non-linear mixed integer programming model. In order

to solve the present problem, we propose a new methodology to solve multi-choice stochastic transportation

problem.

2 Mathematical Model

In this paper, we have considered a mathematical model for multi-choice stochastic transportation problem

involving exponential random variable in all constraints and cost coefficients of objective function are also

satisfied the multi-choices or goals with binary programming framework as follows:

Model 1 min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , · · · , Ckij}xij , k = 1, 2, · · · ,K (2.7)

subject to Pr

 n∑
j=1

xij ≤ ai

 ≥ 1− αi, i = 1, 2, · · · ,m (2.8)

Pr

(
m∑
i=1

xij ≥ bj

)
≥ 1− βj , j = 1, 2, · · · , n (2.9)

xij ≥ 0, ∀ i and j (2.10)

where 0 < αi < 1, ∀ i and 0 < βj < 1, ∀ j.

We have assumed that ai (i = 1, 2, · · · ,m) and bj (j = 1, 2, · · · , n) are specified with exponential random

variables and {C1
ij , C

2
ij , · · · , Ckij}, are known as multi-choices or goals for i = 1, 2, · · · ,m and j = 1, 2, · · · , n.

Now the following cases are to be considered.

1. Only ai(i = 1, 2, · · · ,m) has exponential distribution.

2. Only bj(j = 1, 2, · · · , n) has exponential distribution.

3. Both ai(i = 1, 2, · · · ,m) and bj(j = 1, 2, · · · , n) have exponential distributions.
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2.1 Only ai(i = 1, 2, · · · ,m) Follows Exponential Distribution

The constraints (2.8) can be represented as below when ai (i = 1, 2, · · · ,m) follows an exponential random

variable.

Pr

 n∑
j=1

xij ≤ ai

 ≥ 1− αi, i = 1, 2, · · · ,m.

The above inequality can be further expressed as

Pr

 n∑
j=1

xij ≥ ai

 ≤ αi, i = 1, 2, · · · ,m. (2.11)

It is assumed that ai (i = 1, 2, · · · ,m) are independent exponential random variables with parameter θi define

as positive integers, where mean E(ai)= θi and variance V ar(ai)=σai
2 =θ2i , which are known to us. We

know that the probability density function of ai (i = 1, 2, · · · ,m) is given by

f(ai) =
1

θi
e
− aiθi , where

{
ai > 0

θi > 0.
(2.12)

Now the inequality (2.11) can be expressed as the cumulative density function of exponential distribution:

∫ ∑n
j=1 xij

0

f(ai)d(ai) ≤ αi. (2.13)

Using (2.12), the above integral can be expressed as:

∫ ∑n
j=1 xij

0

1

θi
e
− aiθi d(ai) ≤ αi. (2.14)

Let −ai/θi = z. The above integral can be expressed as:

∫ −∑n
j=1 xij

θi

0

−ezd(z) ≤ αi (2.15)

which can be integrated as:

[−ez]
−

∑n
j=1 xij

θi
0 ≤ αi. (2.16)

Taking logarithm on both sides, we have

−
∑n
j=1 xij

θi
≥ ln(1− αi), i = 1, 2, · · · ,m. (2.17)

Finally, the stochastic constraint (2.8) can be transformed into an equivalent deterministic constraints as

follows:

n∑
j=1

xij ≤ −θiln(1− αi), i = 1, 2, · · · ,m. (2.18)
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Therefore, we have obtained a multi-choice deterministic transportation problem (see Model 2) instead of

multi-choice stochastic transportation problem (Model 1) as follows:

Model 2 min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , · · · , Ckij}xij , k = 1, 2, · · · ,K (2.19)

subject to

n∑
j=1

xij ≤ −θiln(1− αi), i = 1, 2, · · · ,m (2.20)

m∑
i=1

xij ≥ bj , j = 1, 2, · · · , n (2.21)

xij ≥ 0, ∀ i and j. (2.22)

2.2 Only bj(j = 1, 2, · · · , n) Follows Exponential Distribution

Let us assume that bj (j = 1, 2, · · · , n) be an exponential random variable. Then the constraints (2.9) can be

represented as follows:

Pr

(
m∑
i=1

xij ≥ bj

)
≥ 1− βj , j = 1, 2, · · · , n.

Here bj (j = 1, 2, · · · , n) are independent exponential random variables with parameters θ
′

j define as positive

integers, where mean = E(bj) = θ
′

j and variance = V ar(bj)=σbj
2 = θ

′2
j , which are known to us. Then the

probability density function of j-th random variable bj (j = 1, 2, · · · , n) is

f(bj) =
1

θ
′
j

e
−
bj

θ
′
j , where

{
bj > 0

θ
′

j > 0.
(2.23)

The above constraint can be expressed as the cumulative density function of exponential distribution:∫ ∑m
i=1 xij

0

f(bj)d(bj) ≥ 1− βj . (2.24)

Using (2.23), the above integral can be expressed as:∫ ∑m
i=1 xij

0

1

θ
′
j

e
−
bj

θ
′
j d(bj) ≥ 1− βj . (2.25)

Let −bj/θ
′

j = z
′
. The above integral can be expressed as:

∫ −∑m
i=1 xij

θ
′
j

0

−ez
′

d(z
′
) ≥ 1− βj (2.26)

which can be integrated as: [
−ez

′ ]−∑m
i=1 xij

θ
′
j

0
≥ 1− βj . (2.27)

Taking logarithm in both sides, we get

−
m∑
i=1

xij ≤ θ
′

j(lnβj). (2.28)

Finally, the stochastic constraint (2.9) can be transformed into deterministic constraints as follows:

m∑
i=1

xij ≥ −θ
′

j(lnβj), j = 1, 2, · · · , n. (2.29)
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Therefore, we have obtained a multi-choice deterministic transportation problem (see Model 3) instead of

multi-choice stochastic transportation problem (Model 1) as follows:

Model 3 min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , · · · , Ckij}xij , k = 1, 2, · · · ,K (2.30)

subject to

n∑
j=1

xij ≤ ai, i = 1, 2, · · · ,m (2.31)

m∑
i=1

xij ≥ −θj ′(lnβj), j = 1, 2, · · · , n (2.32)

xij ≥ 0, ∀ i and j. (2.33)

2.3 Both ai(i = 1, 2, · · · ,m) and bj(j = 1, 2, · · · , n) Follow Exponential Distributions

The mean and variance of ai and bj are known and previously defined. In this case, the equivalent deterministic

model of the multi-choice stochastic transportation problem can be represented as:

Model 4 min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , · · · , Ckij}xij , k = 1, 2, · · · ,K (2.34)

subject to

n∑
j=1

xij ≤ −θiln(1− αi) (2.35)

m∑
i=1

xij ≥ −θ
′

j(lnβj) (2.36)

xij ≥ 0, ∀ i and j. (2.37)

3 Transformation of an Equivalent Model with Cost Coefficients

of Objective Function

The proposed model is specified for maximum of seven choices on the cost coefficients of objective function.

Seven cases are expressed as following form for k = 2, 3, · · · , 8.

Step 1: When k = 2

We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij}xij . (3.38)

The cost coefficients have two choices as {C1
ij , C

2
ij}, out of which one is to be selected. Since total number of

elements of the set is 2, so only one binary variable is required. Denoting the binary variable z1ij , the equation

(3.38) is formulated as below:

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij + C2

ij(1− z1ij)}xij

xij ≥ 0, ∀ i, ∀ j and zkij = 0/1, k = 1, 2.

Step 2: When k = 3
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We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij}xij . (3.39)

The cost coefficients have three choices as {C1
ij , C

2
ij , C

3
ij}, out of which one is to be selected. Since 21 < 3 < 22,

so the total number of elements of the set is 3. Denoting the binary variables z1ij , z
2
ij and introducing additional

constraints in two models are formulated as follows:

Model 2(a)

min : z =

m∑
i=1

n∑
j=1

{C1
ij(1− z1ij)(1− z2ij) + C2

ijz
1
ij(1− z2ij) + C3

ij(1− z1ij)z2ij}xij

z1ij + z2ij ≤ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2.

Model 2(b)

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ijz

2
ij + C2

ijz
1
ij(1− z2ij) + C3

ij(1− z1ij)z2ij}xij

z1ij + z2ij ≥ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2.

Step 3: When k = 4

We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij , C

4
ij}xij . (3.40)

The cost coefficients of the objective function have four choices as {C1
ij , C

2
ij , C

3
ij , C

4
ij}, out of which one is to

be selected. Since the total number of choices is 4 = 22. Denoting the binary variables z1ij , z
2
ij , so we construct

following problem:

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ijz

2
ij + C2

ijz
1
ij(1− z2ij) + C3

ij(1− z1ij)z2ij + C4
ij(1− z1ij)(1− z2ij)}xij

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2.

Step 4: When k = 5

We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij}xij . (3.41)

The cost coefficients have five choices as {C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij}, out of which one is to be selected. Since

22 < 5 < 23, so we need three binary variables z1ij , z
2
ij , z

3
ij . Then we put restriction to remaining three terms

(8− 5) by introducing additional constraints in three different models which are as follows:
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Model 4(a)

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij(1− z2ij)(1− z3ij) + C2

ij(1− z1ij)z2ij(1− z3ij)

+C3
ij(1− z1ij)(1− z2ij)z3ij + C4

ijz
1
ijz

2
ij(1− z3ij) + C5

ij(1− z1ij)z2ijz3ij}xij
1 ≤ z1ij + z2ij + z3ij ≤ 2

z1ij + z3ij ≤ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Model 4(b)

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij(1− z2ij)(1− z3ij) + C2

ij(1− z1ij)z2ij(1− z3ij)

+C3
ij(1− z1ij)(1− z2ij)z3ij + C4

ijz
1
ijz

2
ij(1− z3ij) + C5

ijz
1
ij(1− z2ij)z3ij}xij

1 ≤ z1ij + z2ij + z3ij ≤ 2

z2ij + z3ij ≤ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Model 4(c)

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij(1− z2ij)(1− z3ij) + C2

ij(1− z1ij)z2ij(1− z3ij)

+C3
ij(1− z1ij)(1− z2ij)z3ij + C4

ij(1− z1ij)z2ijz3ij + C5
ijz

1
ij(1− z2ij)z3ij}xij

1 ≤ z1ij + z2ij + z3ij ≤ 2

z1ij + z2ij ≤ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Step 5: When k = 6

We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij , C

6
ij}xij . (3.42)

The cost coefficients of the objective function have six choices as {C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij , C

6
ij}, out of which one

is to be selected. Since 22 < 6 < 23, so we need three binary variables z1ij , z
2
ij , z

3
ij . Then we put the restriction

to remaining two terms (8−6) by introducing auxiliary constraints in the model are expressed as given below:

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij(1− z2ij)(1− z3ij) + C2

ij(1− z1ij)z2ij(1− z3ij)

+C3
ij(1− z1ij)(1− z2ij)z3ij + C4

ijz
1
ijz

2
ij(1− z3ij)

+C5
ijz

1
ij(1− z2ij)z3ij + C6

ij(1− z1ij)z2ijz3ij}xij
1 ≤ z1ij + z2ij + z3ij ≤ 2

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Step 6: When k = 7
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We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij , C

6
ij , C

7
ij}xij . (3.43)

The cost coefficients of the objective function have seven choices as {C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij ,

C6
ij , C

7
ij}, out of which one is to be selected. Since 22 < 7 < 23, so we need three binary variables z1ij , z

2
ij , z

3
ij .

Then we put the restriction to remaining one term (8− 7) by introducing additional constraint in the math-

ematical model. Two different models are formulated as given below:

Model 6(a)

min : z =

m∑
i=1

n∑
j=1

{C1
ij(1− z1ij)(1− z2ij)(1− z3ij) + C2

ijz
1
ij(1− z2ij)(1− z3ij)

+C3
ij(1− z1ij)z2ij(1− z3ij) + C4

ij(1− z1ij)(1− z2ij)z3ij + C5
ijz

1
ijz

2
ij(1− z3ij)

+C6
ijz

1
ij(1− z2ij)z3ij + C7

ij(1− z1ij)z2ijz3ij}xij
z1ij + z2ij + z3ij ≤ 2

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Model 6(b)

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ij(1− z2ij)(1− z3ij) + C2

ij(1− z1ij)z2ij(1− z3ij)

+C3
ij(1− z1ij)(1− z2ij)z3ij + C4

ijz
1
ijz

2
ij(1− z3ij) + C5

ijz
1
ij(1− z2ij)z3ij

+C6
ij(1− z1ij)z2ijz3ij + C7

ijz
1
ijz

2
ijz

3
ij}xij

z1ij + z2ij + z3ij ≥ 1

xij ≥ 0, and zkij = 0/1, ∀ i and j, and k = 1, 2, 3.

Step 7: When k=8

We present the objective function (2.7) as follows:

min : z =

m∑
i=1

n∑
j=1

{C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij , C

6
ij , C

7
ij , C

8
ij}xij . (3.44)

The cost coefficients of the objective function have eight choices as {C1
ij , C

2
ij , C

3
ij , C

4
ij , C

5
ij , C

6
ij , C

7
ij , C

8
ij}, out

of which one is to be selected. Since the total number of choices is 8 = 23 so we need three binary variables

z1ij , z
2
ij , z

3
ij . So we have formulated only one model as given below:

min : z =

m∑
i=1

n∑
j=1

{C1
ijz

1
ijz

2
ijz

3
ij + C2

ij(1− z1ij)z2ijz3ij + C3
ijz

1
ij(1− z2ij)z3ij

+C4
ijz

1
ijz

2
ij(1− z3ij) + C5

ij(1− z1ij)(1− z2ij)z3ij + C6
ijz

1
ij(1− z2ij)(1− z3ij)

+C7
ij(1− z1ij)z2ij(1− z3ij) + C8

ij(1− z1ij)(1− z2ij)(1− z3ij)}xij
xij ≥ 0, and zkij = 0/1, ∀ i and j, and, k = 1, 2, 3.
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4 Numerical Example

The numerical example is related to multi-choice stochastic transportation problem in which cost coefficients

of the objective function are of multi-choices or goals and the demands and supplies are follow an expo-

nential random variables. In order to show the application of the model, here we present an example of

coal transportation problem. Coal is a kind of crucial energy sources in the development of economy and

society. Accordingly, how to transport the coal from mines to the different areas economically is also an

important issue for coal transportation. A reputed coal supply company transports the coal at the mines area

at Asansol in Burdwan district, West Bengal, India from three supply points to the four destination centers

at Kolkata, Kharagpur, Haldia and Bankura of West Bengal, India through twelve routes. The main purpose

is to minimize the transportation cost and maximize the profit against the market price at different markets.

The transportation cost of carrying one unit(100 Kg) of coal from sources to destinations each treated as of

multi-choice parameters. Without using the multi-choice programming methodology, the problem can not be

solved easily. Due to increasing the fuel price rate and road collection tax, the price rates of transportation

costs in each routes are appended below:

x11 routes either 10 or 11 or 12 required admissible costs in Rupees.

x12 routes either 15 or16 required admissible costs in Rupees.

x13 routes either 20 or 21 or 22 or 23 required admissible costs in Rupees.

x14 routes either 15 or 16 or 17 required admissible costs in Rupees.

x21 routes either 12 or 13 or 14 or 15 or 16 required admissible costs in Rupees.

x22 routes either 10 or 11 or 12 or 13 or 14 or 15 required admissible costs in Rupees.

x23 routes either 9 or 10 or 11 required admissible costs in Rupees.

x24 routes either 18 or 19 required admissible costs in Rupees.

x31 routes either 20 or 21 or 22 or 23 or 24 or 25 or 26 required admissible costs in Rupees.

x32 routes either 9 or 10 or 11 or 12 or 13 or 14 or 15 or 17 required admissible costs in Rupees.

x33 routes either 24 or 25 or 26 required admissible costs in Rupees.

x34 routes either 27 or 28 required admissible costs in Rupees.

We formulate a multi-choice stochastic transportation problem where the objective function and the con-

straints are formulated as:

min : z =

3∑
i=1

4∑
j=1

{C1
ij , C

2
ij , · · · , Ckij}xij , k = 1, 2, · · · , 8 (4.45)

subject to Pr

 4∑
j=1

xij ≤ ai

 ≥ 1− γi, i = 1, 2, 3 (4.46)

Pr

(
3∑
i=1

xij ≥ bj

)
≥ 1− δj , j = 1, 2, 3, 4 (4.47)

xij ≥ 0, i = 1, 2, 3; j = 1, 2, 3, 4 and 0 < γi < 1, 0 < δj < 1,∀ i, j. (4.48)

Assuming the means and variances of exponential random variables with specified probability levels of

supplies i.e, ai for i = 1, 2, 3 are represented in following Table 1.
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Mean Variance Specified probability level

E(a1)=θ1= 2 V (a1)= 4 α1=0.03

E(a2)=θ2= 3 V (a2)= 9 α2=0.04

E(a3)=θ3= 4 V (a3)= 16 α3=0.05

Table 1:

Again, the means and variances of the exponential random variables with specified probability levels of

demands i.e, bj for j = 1, 2, 3, 4 are represented in the following Table 2.

Mean Variance Specified probability level

E(b1)=θ
′

1 =5 V (b1)= 25 β1=0.06

E(b2)=θ
′

2= 6 V (b1)= 36 β1=0.07

E(b3)=θ
′

3= 7 V (b3)= 49 β3=0.08

E(b4)=θ
′

4= 8 V (b4)= 64 β4=0.09

Table 2:

Using the data provided in Table 1 and Table 2 the following deterministic multi-choice transportation prob-

lem is formulated as:

min : z = {10, 11, 12}x11 + {15, 16}x12 + {20, 21, 22, 23}x13
+{15, 16, 17}x14 + {12, 13, 14, 15, 16}x21 + {10, 11, 12, 13, 14, 15}x22

+{9, 10, 11}x23 + {18, 19}x24 + {20, 21, 22, 23, 24, 25, 26}x31
+{9, 10, 11, 12, 13, 14, 15, 17}x32 + {24, 25, 26}x33 + {27, 28}x34 (4.49)

subject to

4∑
j=1

x1j ≤ 4.040541464 (4.50)

4∑
j=1

x2j ≤ 9.137762245 (4.51)

4∑
j=1

x3j ≤ 16.32879781 (4.52)

3∑
i=1

xi1 ≥ 11.25364287 (4.53)

3∑
i=1

xi2 ≥ 7.977780111 (4.54)

3∑
i=1

xi3 ≥ 5.051457289 (4.55)

3∑
i=1

xi4 ≥ 2.40794509 (4.56)

xij ≥ 0, i = 1, 2, 3. , j = 1, 2, 3, 4.

Now using a new transformation technique, we obtain the following multi-choice deterministic transportation
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problem:

min : z = t11x11 + t12x12 + t13x13 + t14x14 + t21x21 + t22x22

+t23x23 + t24x24 + t31x31 + t32x32 + t33x33 + t34x34

subject to (4.50)− (4.56)

t11 = 10z111z
2
11 + 11z111(1− z211) + 12(1− z111)z211

t12 = 15z112 + 16(1− z112)

t13 = 20z113z
2
13 + 21z113(1− z213) + 22(1− z113)z213 + 23(1− z113)(1− z213)

t14 = 15z114z
2
14 + 16z114(1− z214) + 17(1− z114)z214

t21 = 12z121(1− z221)(1− z321) + 13(1− z121)z221(1− z321)

+14(1− z121)(1− z221)z321 + 15z121z
2
21(1− z321) + 16(1− z121)z221z

3
21

t22 = 10z122(1− z222)(1− z322) + 11(1− z122)z222(1− z322) + 12z122z
2
22(1− z322)

+13(1− z122)(1− z222)z322 + 14z122(1− z222)z322 + 15(1− z122)z222z
3
22

t23 = 9z123z
2
23 + 10z123(1− z223) + 11(1− z123)z223

t24 = 18z124 + 19(1− z224)

t31 = 20(1− z131)(1− z231)(1− z331) + 21z131(1− z231)(1− z331)

+22(1− z131)z231(1− z331) + 23(1− z131)(1− z231)z331

+24z131z
2
31(1− z331) + 25z131(1− z231)z331 + 26(1− z131)z231z

3
31

t32 = 9z132z
2
32z

3
32 + 10(1− z132)z232z

3
32 + 11z132(1− z232)z332

+12z132z
2
32(1− z332) + 13(1− z132)(1− z232)z332 + 14z132(1− z232)(1− z332)

+15(1− z132)z232(1− z332) + 17(1− z132)(1− z232)(1− z332)

t33 = 24z133z
2
33 + 25z133(1− z233) + 26(1− z133)z233

t34 = 27z134 + 28(1− z134)

1 ≤ z111 + z211 ≤ 2

1 ≤ z114 + z214 ≤ 2

1 ≤ z121 + z221 + z321 ≤ 2

z121 + z221 ≤ 1

1 ≤ z122 + z222 + z323 ≤ 2

1 ≤ z123 + z223 ≤ 2

z131 + z231 + z331 ≤ 2

1 ≤ z133 + z233 ≤ 2

xij ≥ 0, i = 1, 2, 3 and j = 1, 2, 3, 4.

5 Result and Discussion

The above mathematical programming model is treated as a non-linear mixed integer programming problem

which solved by Lingo10 package. The optimal solution of the mathematical model is obtained as: x11=

1.632596, x14= 2.407945, x21=4.086305, x23= 5.051457, x31= 5.534742, x32= 7.977780, where rest of the

decision variables are zero. The minimum cost of the objective function is 329.4388. For the optimal value of

the objective function, the multi-choice cost coefficients are obtained as follows:
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xij x11 x12 x13 x14 x21 x22 x23 x24 x31 x32 x33 x34

value of Ckij 10 15 20 15 12 10 9 18 20 9 25 27

If the decision variables xij , i = 1, 2, 3; j = 1, 2, 3, 4 are considered to be integers, the optimal solution can

be obtained as: x11= 1, x14= 3, x21= 3, x23= 6, x31= 8, x32= 8 where rest of the decision variables are

zero. The minimum cost of the objective function is 377. For the optimal value of the objective function, the

multi-choice cost coefficients are obtained as follows:

xij x11 x12 x13 x14 x21 x22 x23 x24 x31 x32 x33 x34

value of Ckij 10 15 20 15 12 12 9 18 20 9 26 27

Introduction of binary variables is an important concept in multi-choice programming for selection of one

choice from the set of multi-choices. In this paper, we have formulated the proposed model by using the

auxiliary constraints which contain the binary variables. The number of binary variables for each choices or

goals are depend on the relation ln(ki)
ln(2) , where ki is the number of choices or goals. When ki = 2, or 4, or 8 there

is no need of auxiliary constraint to construct of our proposed model. When ki = 3, or 7 only one auxiliary

constraint associated with binary variables is needed for construction of our model. When ki = 5, or 6, then

there is need of 3 and 2 auxiliary constraints respectively. Depending on the number of choices or goals we get

different models of our proposed problem and solving all these models, we have obtained the same optimal

solution. Hence it is necessary to solve only one model instead of different models.

6 Conclusion

The aim of this paper is to present the solution procedure for multi-choice stochastic unbalanced transportation

problem with consideration of exponential random variable. Initially, we have transformed all the probabilistic

constraints into an equivalent deterministic constraints by stochastic programming approach and then we have

used a transforation technique in such a way that the combination of choices for each coefficients of objective

function should provide an optimal solution to our model.

In the real life transportation problem, the cost coefficients of the objective function and supply and

demand may not be known previously due to uncountable factors. For this reason, the cost coefficients of the

objective function are of multi-choice rather than by single choice and supply and demand are followed random

variables. In our paper we have formulated the transportation model by considering both the factors. Finally

we have concluded that the formulated model is highly applicable for these types of real life transportation

problem and solving this model, the decision maker has provided more information for taking the right

decision.

A further study is needed for multi-objective multi-choice interval valued transportation problem under

stochastic environment and the number of choices or goals also can be extended.
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