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Abstract 
In this paper, an algorithm and its computer oriented program have been developed for solving transportation programming (TP) reducing it 
into a linear program (LP). After formulating it into linear programming problems the number of variables becomes large. It then, becomes 
more difficult and time-consuming if it is done manually with simplex method. By using the computer program the solution can be found in 
a shorter time. It will be shown that a TP with a large number of variables can be solved in few seconds by using this method. A number of 
numerical examples are presented to demonstrate the method developed in this research.  
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I. Introduction 

Linear programming (LP) problems can generally be stated 
as follows: 
Optimize: 𝑧𝑧 = 𝑐𝑐1𝑥𝑥1 + 𝑐𝑐2𝑥𝑥2 + ⋯⋯⋯+ 𝑐𝑐𝑛𝑛𝑥𝑥𝑛𝑛  
Subject to: 𝑎𝑎11𝑥𝑥1 + 𝑎𝑎12𝑥𝑥2 + ⋯⋯⋯+ 𝑎𝑎1𝑛𝑛𝑥𝑥𝑛𝑛 = 𝑏𝑏1 
                  𝑎𝑎21𝑥𝑥1 + 𝑎𝑎22𝑥𝑥2 + ⋯⋯⋯+ 𝑎𝑎2𝑛𝑛𝑥𝑥𝑛𝑛 = 𝑏𝑏2 
                          : 
                          : 
                  𝑎𝑎𝑚𝑚1𝑥𝑥1 + 𝑎𝑎𝑚𝑚2𝑥𝑥1 + ⋯⋯⋯+ 𝑎𝑎𝑚𝑚𝑛𝑛 𝑥𝑥𝑛𝑛 = 𝑏𝑏𝑚𝑚  
                   𝑥𝑥𝑖𝑖 ≥ 0, where i= 1, 2… n 
                   𝑏𝑏𝑗𝑗 ≥ 0, where j= 1, 2… m 
The characteristics of standard form are given below: 

(i) The objective function is of the optimization i.e. 
maximization or minimization type. 

(ii) All constraints are expressed as equations. 
(iii) All variables are restricted to be non negative. 

The right hand side constant of each constraints is non-
negative.  

II. Transportation 

In transportation problems (TPs) the objective is to transport 
various amount of a single homogenous commodity that are 
initially stored  at various origins, to different destinations in 
such a way that the total transportation cost is  minimum. 
The distinct feature of TPs is that origins and destinations 
must be expressed in terms of only one kind of unit. These 
will be shown in this Section. 

Transportation Table 

A specimen of the TP table of m-sources, n-destinations 
transportation table is given below-     

Table 1. Transportation Table                

                      Destination 
                  𝑣𝑣𝑗𝑗      1   2                 …….          n  supply 

 
𝑢𝑢𝑖𝑖     1 

2                 
Source                         

 m           
Demand 

where, 
𝑢𝑢𝑖𝑖= multiple of original row i that has been subtracted 
(directly or indirectly) from original row 0 by the simplex 

method during all iterations leading to the current simplex 
table. Here i= 1, 2... m 
𝑣𝑣𝑗𝑗= multiple of original row m+j that has been subtracted 
(directly or indirectly) from original row 0 by the simplex 
method during all iterations leading to the current simplex 
table. Here j= 1, 2... n. 

Examples of TPs  

In this Section, it will be shown how the TPs minimize the 
cost using methods of solving TP with the help of numerical 
examples given as follows.  

Numerical Example 1 

Find the feasible solution of the following transportation 
problem. 
    Warehouse  

       W1           W2             W3         W4         Supply 
Factories F1 

 F2 
 F3 
 Demand 
                         
Solution: By using North-West corner rule the problem can 
be solved as follows: 
Iteration 1 

                         V1=14        V2=25      V3=35     V4= -15     Supply 
 
 u1=0 
 
 u2=0 

       
 
 u3=30 

            
  Demand 
         
Iteration 2 

             V1=14          V2=25   V3=35         V4=37          Supply 
  
u1=0 
 

            
  u2=0 
                   
u3= -22 
 
 
Demand 
 

c11 c12 …… c1n s1 

c21 c22 …. c2n s2 
… ….. ….. …. ….. 
cm1 cm2 ….. 𝑐𝑐𝑚𝑚𝑛𝑛  𝑠𝑠𝑚𝑚  
d1 d2 ….. dn  

14 25 45 5 6 
65 25 35 55 8 
35 3 65 15 16 
4 7 6 13  

      14   
4 

       
25  2   

-10  45 -20  5   6/2/0 

-51 65       25  
5 

       35 
3 

-70 55 8/3/0 

  9  35 52  3  
* 

       65 
3 

       15  
13 

16/1
3/0 

4/0 7/5/0 6/3/0 13/0  

       14   
4 

       25  
2   

-10    45  32         5 
* 

6/2/0 

-51    65        25  
2 

         35 
6 

 -18    55 8/6/0 

-43   35          3  
3   

-52     65          15  
13 

16/13/0 

4/0 7/5/3/0 6/0 13/0  
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Iteration 3 

              V1=14       V2=-7      V3=3          V4=5        Supply            
u1=0 

 
 

            
u2=32 

 
                    

u3=10 
 
Demand 
  
 
The basic feasible solution is given below: 
𝑥𝑥11= 4 ,  𝑥𝑥14= 2,  𝑥𝑥22= 2 , 𝑥𝑥23= 6,   𝑥𝑥32= 5, 𝑥𝑥34= 11 
Thus the minimum value is 
 414+25+225+635+53+1115 = 506 

Numerical Example 2 

Find the feasible solution of the following transportation 
problem. 

Cost per truck load 
 

Plant   VA VB    VC Supply        
                       

𝑈𝑈𝑤𝑤  
 
𝑈𝑈𝑥𝑥   

 
𝑈𝑈𝑦𝑦  

Demand 

  
Solution: Similarly, by using North-West corner rule we can 
solve the problem and find the solution as follows: 

The basic feasible solution is given below: 

𝑥𝑥12=76,  𝑥𝑥21=21,    𝑥𝑥23=41,   𝑥𝑥31=51,   𝑥𝑥32=26; 

Thus the minimum cost is 

 876+2116+4116+518+2616 

= 2424 

III. Formulation of LP Models 

 In this Section, the formulation of TP into LP will be 
discussed. By considering Z the total distribution cost and 
𝑥𝑥𝑖𝑖𝑗𝑗  (i=1, 2,..., m ;  

j=1,2, ..., n) the  number of units  to be distributed  from 
source  i to destination j, the LP formulation of TP becomes: 

Minimize, Z =  ∑ ∑ 𝑐𝑐𝑖𝑖𝑗𝑗𝑛𝑛
𝑗𝑗=1 𝑥𝑥𝑖𝑖𝑗𝑗𝑚𝑚

𝑖𝑖=1  

Subject to  

∑ 𝑥𝑥𝑖𝑖𝑗𝑗 ≤ 𝑠𝑠𝑗𝑗𝑛𝑛
𝑗𝑗=1 , (i = 1, 2 ..., m) (Supply constraints) 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗 ≥ 𝑑𝑑𝑖𝑖𝑚𝑚
𝑖𝑖=1 , (j = 1, 2... m) (Demand constraints) 

𝑥𝑥𝑖𝑖𝑗𝑗 ≥ 0,  (i= 1,2,..., m ;  j = 1,2, ..., n).  

Applying the process we can formulate the given TP to the 
LP problems as follows. 

 
Formulation of Numerical Example 1 
Minimize, 
𝑍𝑍 = 14𝑥𝑥11 + 25𝑥𝑥12 + 45𝑥𝑥13 + 5𝑥𝑥14 + 65𝑥𝑥21 + 25𝑥𝑥22

+ 35𝑥𝑥23 + 55𝑥𝑥24 
    +35𝑥𝑥31 + 3𝑥𝑥32 + 6𝑥𝑥33 + 15𝑥𝑥34  
subject to, 
𝑥𝑥11 + 𝑥𝑥12 + 𝑥𝑥13 + 𝑥𝑥14                                 ≤ 6  
                 𝑥𝑥21 + 𝑥𝑥22 + 𝑥𝑥23 + 𝑥𝑥24                ≤ 8  
                           𝑥𝑥31 + 𝑥𝑥32 + 𝑥𝑥33 + 𝑥𝑥34 ≤ 16  
𝑥𝑥11            + 𝑥𝑥21            + 𝑥𝑥31                       ≥ 4  
         𝑥𝑥12               + 𝑥𝑥22         + 𝑥𝑥32              ≥ 7  
              𝑥𝑥13                + 𝑥𝑥23          + 𝑥𝑥33       ≥ 6  
                      𝑥𝑥14               + 𝑥𝑥24           + 𝑥𝑥34 ≥ 13  
and 𝑥𝑥𝑖𝑖𝑗𝑗 ≥ 0,  (i= 1,2,3 ;  j = 1,2, 3, 4).   

IV. Algorithm for the Program  

In this Section, the combined simplex algorithm for solving 
LPs is presented. 

Step 1: Define the types of constraints. If all are of “≤” types 
go to step 2. Otherwise go to step 3.  

Step 2:  

Substep 1: Express in standard from. 

Substep 2: State with an initial basic feasible  solution in 
canonical form and set up the initial table. 

 Substep 3: Use the inner product rule to find the relative 
profit factors 𝑐𝑐𝑗𝑗  as follows  

𝑐𝑐𝑗𝑗 = 𝑐𝑐𝑗𝑗 − 𝑧𝑧𝑗𝑗 = 𝑐𝑐𝑗𝑗 −(inner product of 𝑐𝑐𝐵𝐵and the column 
corresponding to 𝑥𝑥𝑗𝑗  in the canonical system). 

 Substep 4: If all 𝑐𝑐𝑗𝑗≤ o, the current basic feasible solution is 
optimal and stop calculation. Otherwise select the non-basic 
variable with most positive 𝑐𝑐𝑗𝑗  to enter the basis. 

 Substep 5: Choose the outgoing variable form the basis by 
minimum ration test. 

 Substep-6: Perform the pivot operation to get the table and 
basic feasible solution.  

 Substep 7: Go to substep 3. 

Step 3: At first express the problem in standard form by 
introducing slack and surplus variables. Then express the 
problem in canonical form by introducing artificial variables 
if necessary and form the initial basic feasible solution. Go 
to substep 3. 

Step 4: If any 𝑐𝑐𝑗𝑗 corresponding to on basic variable is zero, 
the problem has alternative solution take this column as 
pivot column and go to substep 5. 

Solving the above LP, we see that the optimal basis contains 
an artificial variable in second iteration. The LP has no 
feasible solution which is treated by our program efficiency; 
our program treats this type of LP effectively and shows the 
basis with artificial variable. 

Computer Program 

       14   4 -32   25    -42      45           5     
2 

6/2/0 

-19    65        25  2            35  
6 

 -18    55 8/6/0 

-11     35         3   5 -52     65           15  
11 

16/11/0 

4/0 7/5/0 6/0 13/11/0  

4 8 8 76 
16 24 16 62 

8 16 24 77 

72 102 41  
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Numerical Examples 

 In this Section, the TPs presented in Section II will be 
solved using combined simplex method after converting 
these problems to LP discussed in Section III. 

Numerical Example 1 

 After putting corresponding values for numerical example 
presented in section III we obtain the results. The final table 
is shown 
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Table 2. Final solution for Numeric Example 1 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 

Since the program is for maximization problem, the cost 
vectors are given using negative sign. So the optimal 
result is negative but it is same with the result which we 
find using simplex method & methods for solving TP. 

Numerical Example 2 

 Similarly, after running the program again we find the 
results. The final table is shown: 

Table 3. Final solution for Numeric Example 2 
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Table 4.  Another final solution for Numeric Example 2 

 

 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
Since, the program is for maximization problem, the cost 
vectors are given using negative sign. So the optimal 
result is negative but it is same with the result which we 
find using other methods. 

V. Discussion and Comparison 

TP are one of the most important and successful 
applications of quantitative analysis to solve business 
problems. Generally, the purpose of this problem is to 
minimize the cost of transporting goods from one location 
to another which can meet the needs of each arrival. But 
the methods of solving TP sometimes create difficulties. 
Lot of calculations were performed to find out the 
optimum solution. Mistakes may be committed in manual 
calculations. Most of the methods are time consuming 
also. After converting these problems into LP and using 
computer based program which is discussed in this paper, 
the difficulties have been removed. Using the computer 
program the desired solution can be found out easily. But 
the execution time was short. In a short time the solution 
was found with the help of computer program. It, 
therefore, be conclude that the computer program is the 
best process for finding the solution.  

VI. Conclusion 
 In this paper, we present an algorithm and its computer 
oriented program written in the programming language 

‘Mathematica’ for solving TP after converting the TP into 
LP. After formulating the TP into LP the number of 
variables increases. Then it becomes more difficult and 
time-consuming if we use manual calculation with 
simplex method. But using the computer program we can 
find our solution in a short time. The number of variables 
is not matter at all in this program. Even for a large 
number of variables a few seconds is needed for finding 
solution. In one word, we can say that the solution of TP 
by converting to LPs and applying the computer 
technique is one of the best ways. 
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