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ABSTRACT 
In this paper, single objective and multi-objective stochastic transportation problem with 
Cauchy random variables and their deterministic equivalents are presented. Multi-choice 
programming solves some optimization problems, where multiple information exists for a 
parameter. A stochastic transportation problem in which the source parameters are either 
Cauchy random variables or multi-choice type and the demand parameters are either 
multi-choice type or Cauchy random variables is presented in this paper. The proposed 
stochastic transportation problem is converted to an equivalent deterministic problem and 
solved by goal programming method. A Numerical example is presented to illustrate the 
solution procedure.  

Keywords: transportation problem, multi-objective decision making, stochastic 
programming, cauchy distribution, goal programming technique, interpolating 
polynomial, multi-choice programming. 
 
1. Introduction 
The classical transportation problem is one of the many well-structured decision making 
problems in Operations Research. The basic transportation problem was originally stated 
by Hitchcock[7] and later discussed in detail by Koopmans[13]. The problem is called 
transportation problem because it involves the transportation or physical distribution of 
goods from several supply points to a number of demand points. When the market demands 
for a commodity are not known with certainty, the problem of scheduling shipments to a 
number of demand points from several supply points is a stochastic transportation problem 
(Williams[25]). Sometimes the coefficients of the transportation problem can be 
characterized by uncertain parameters such as, random, fuzzy and multi-choice 
parameters. These uncertainties occurs mainly due to scarcity of data or, incomplete 
information and knowledge regarding the data, or difficult to obtain the data, or to estimate 
or the system is subject to changes. This type situations mostly present in the real world. 
Transportation problems modeled in this situations are known as stochastic transportation 
problems or fuzzy transportation problems or multi-choice transportation problems. 

Intensive investigations on stochastic transportation problem with random 
variables have been made by several researchers, namely Kataoka[14], Szwarc[23], 
Leclercq[15], Kall[12], Cooper[5], Isermann[11], Qi[18], Hassin[6], Roubens[21], 
Arunachalam[1], Holmberg[9], Verma et al.[24], Hulsurkar et al.[10], Mohan[17], Biswal 
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[3], Sahoo [22], Roghanian [19], Mahapatra et al. [16] and Romeijn [20]. 
The general model of an unbalanced stochastic, or fuzzy or multi-choice 

transportation problem is given as:  
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 where the decision variable ijx  represents the amount of the commodity to be shipped 

from i -th source to j -th destination. Some or all the coefficients ijc , ia  and jb  are 
considered as random variables with known probability distributions, or known fuzzy 
numbers with membership functions, or multi-choice parameters. 

 
2. Single objective stochastic transportation problem with cauchy random variable 
Mathematical model of a single objective stochastic transportation problem with Cauchy 
random variable can be stated as :  
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 where 1<<0 iα  ,  1<<0 jβ  are specified probability levels and ia , jb  are 

Cauchy random variables. Assume that the decision variables ijx  are deterministic. 
 

ia  are Cauchy random variables. 
It is given that the i -th Cauchy random variable ia  has two known parameters 

ial  and 
ias , where the location parameter 

ial  is the median and 
ias  is the scale 

parameter of ia . 
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The probability density function of the random variable ia  is given by  
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 Now the probabilistic constraint (7) can be rewritten as  
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jb  are Cauchy random variables. 

It is given that jb  is a Cauchy random variable with known parameters 
jbl  and 

jbs , where the location parameter 
jbl  is the median and 

jbs  is the scale parameter of jb

. 
The probability density function of the random variable jb  is given by  
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njslv jjbjbj ,1,2,=),
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 Now, the probabilistic constraint (8) can be expressed as a linear constraint of the form  
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Hence the equivalent single objective deterministic transportation problem of the 

stochastic problem (6) - (9) can be formulated as: 
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3. Multi-objective stochastic transportation problem with cauchy random variables 
A multi-objective stochastic transportation problem with source and demand constraints 
involving Cauchy random variables can be defined as:  
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where 1<<0 iα  ,  1<<0 jβ  are specified probability levels and ia , jb  are  
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Cauchy random variables. In the model, the decision variables ijx  are considered as 
deterministic variables. 

As discussed in case of single objective transportation problem case, the 
equivalent multi-objective deterministic transportation problem of the stochastic 
transportation problem (36) - (39) is given as: 
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4. Multi-objective stochastic transportation problem with cauchy random variables and 
multi-choice parameters 

We shall consider two special cases for this transportation problem where  
(i)  ia  are Cauchy random variables and jb  are multi-choice parameters  and  

(ii) ia  are multi-choice parameters and jb  are Cauchy random variables. 

(i) Source parameters, ia  are Cauchy random variables and destination parameters, jb  
are multi-choice type. 

Let us consider a multi-objective stochastic transportation problem with source 
constraints involving Cauchy random variables where demand parameters are multi-choice 
type. 
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where 1<<0 iα  are specified probability levels and ia  are Cauchy random variables 
with two known parameters 

ial  and 
ias  where the location parameters 

ial  are the 

medians and 
ias  are the scale parameters of ia  and jb  are multi-choice parameters. Let 

us consider the decision variables ijx  are deterministic. 
As discussed earlier an equivalent deterministic constraint of the probabilistic 

constraint (46) has been obtained as 
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Let us consider the constraint (47) of the stochastic transportation problem (45) - 
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Right hand side of j -th constraint (50) has a set of jq  number of goals where 
only one goal is to be selected. 
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Hence the equivalent deterministic problem (45) - (48) is presented as: 
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(ii) Source parameters, ia  are multi-choice type and destination parameters, jb  are 
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Cauchy random variables 
Let us consider a multi-objective stochastic transportation problem in which the 

source parameters are multi-choice type and demand parameters are Cauchy random 
variables. 
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4.1. Numerical example 
A numerical example is considered for the multi-objective transportation problem in which 
the supply parameters are multi choice type and the demand parameters are Cauchy 
random variables with known location parameters 

jbl  and scale parameters 
jbs . The 

objectives are non-commensurable and conflicting in nature.  
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3433323124232221141312111 577374652798=:min xxxxxxxxxxxxZ +++++++++++
  (70) 
  3433323124232221141312112 825764892=:min xxxxxxxxxxxxZ +++++++++++
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Let us take the the location parameters 
jbl  , the scale parameters 

jbs  of the 

Cauchy random variables 1,2,3,4= , jbj  along with the specified probabilities 

1,2,3,4=, jjβ  as given in the Table 3. 

Table 3: Parameters with specified probabilities of jb  
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Using the relations (66) and (67), the equivalent deterministic linear transportation 
problem of the stochastic transportation problem (70)-(80) can be derived as: 

3433323124232221141312111 577374652798=:min xxxxxxxxxxxxZ +++++++++++  
 (81)  

3433323124232221141312112 825764892=:min xxxxxxxxxxxxZ +++++++++++   
  (82)

3433323124232221141312113 352848463742=:min xxxxxxxxxxxxZ +++++++++++
 (83) 
 subject to  

3
1

2
1114131211 3

1
2
3

6
126 δδδ −+−≤+++ xxxx  (84) 

4
2

3
2

2
2224232221 8

1
4
3

8
11

4
12129 δδδδ +−++≤+++ xxxx  (85) 

2
3334333231 2

1
2
340 δδ ++≤+++ xxxx  (86) 

26.941256312111 ≥++ xxx   (87) 
24.968736322212 ≥++ xxx  (88) 
27.368715332313 ≥++ xxx  (89) 
14.789486342414 ≥++ xxx  (90) 

1,2,3,4.= 1,2,3;= , 0 jixij ≥  (91) 

where, 0,1,2,3=1δ ; 0,1,2,3,4=2δ  and 0,1,2=3δ  
Let us consider the goals of the three objectives as 500, 375 and 425 respectively. Using 
goal programming method, (81)-(91) can be derived as 

321:min ρρρ ++  (92) 
 subject to 

500=577374652798 11343332312423222114131211 ρη −++++++++++++ xxxxxxxxxxxx
                                                                                     (93) 

325=825764892 22343332312423222114131211 ρη −++++++++++++ xxxxxxxxxxxx  
                                                                                     (94) 

250=352848463742 33343332312423222114131211 ρη −++++++++++++ xxxxxxxxxxxx  
                                                                                     (95) 

 3
1

2
1114131211 3

1
2
3

6
126 δδδ −+−≤+++ xxxx  (96) 

 4
2

3
2

2
2224232221 8

1
4
3

8
11

4
12129 δδδδ +−++≤+++ xxxx  (97) 

 2
3334333231 2

1
2
340 δδ ++≤+++ xxxx  (98) 

 26.941256312111 ≥++ xxx   (99) 
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 24.968736322212 ≥++ xxx   (100) 
 27.368715332313 ≥++ xxx   (101) 
 14.789486342414 ≥++ xxx   (102) 

 1,2,3,4.= 1,2,3;= , 0 jixij ≥   (103) 

where, 0,1,2,3=1δ ; 0,1,2,3,4=2δ  and 0,1,2=3δ . 
Solving the above linear programming problem (92) - (103) by LINGO 10 

package, the Optimal compromise solution is obtained as given in Table 4. 
 

Table 4: Optimal Solution 
VariablesDecision  ValuesObjectiveOptimal    VariableslDeviationa   
5.6710=11x   0=1ρ  
1.8066=12x    

14.7895=14x   0=2ρ  
14.3340=21x  499.9999=1Z   
12.4671=23x   0=3ρ  
6.9363=31x  374.7482=2Z   
23.1621=32x   0=1η  
14.9016=33x  395.1967=3Z   

== 2213 xx   0.2517=2η  
0== 3424 xx    

2=0,=3,= 321 δδδ
 

 0=3η  

 
5. Conclusions 
Solution procedure for single objective and and multi-objective stochastic transportation 
problems considering source and demand parameters as Cauchy random variables are 
presented in this chapter. Equivalent deterministic models of the stochastic transportation 
problem are established using chance constrained programming technique. After 
establishing the deterministic model, the goal programming model is formulated. The 
problem is solved by standard non-linear programming software. Further, stochastic 
transportation problems with source and demand parameters as Cauchy random variables 
and multi-choice type is also presented in this chapter. Lagrange interpolating polynomials 
of corresponding multi-choice parameters are established. 
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