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Abstract 
 
This paper deals with a consolidated study for optimization of transportation 

problems formulated as linear programming problem.  The proposed method 

provides optimal method with fast convergence of transportation problems. 

The advantage of the developed optimization method is that by making 

appropriate changes in initial basic feasible (IBF) solution, one can arrive at 

optimal solution, without the need to carry out iteration using chain reaction 

method or transportation simplex algorithm. The efficiency of proposed 

algorithm is illustrated through specific examples on transportation problems. 

Even though, the proposed method is applied here to few small scale 

problems, it will be extremely useful for solving large scale optimization 

problems encountered in many areas, including supply chain, green 

engineering and smart manufacturing. These concepts are used extensively in 

various disciplines like Industrial Engineering, Mechanical Engineering etc. 
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1 Introduction  
 

Transportation problem typically involves getting an initial basic feasible 

(IBF) solution, checking for optimality, and performing chain reaction 

(transportation algorithm) iterations till optimal solution is achieved. It can 

also be useful in Green Engineering. So, the first step is to arrive at IBF 

solutions and second step is to arrive at optimal solutions. This paper first 

discusses a new method developed for arriving at IBF solutions, followed by 

another scheme developed for getting faster optimal solutions. The advantage 

of the proposed method for optimization of transportation problems is that by 

making necessary change an optimal solution is arrived and there is no need 

for carrying out chain reaction or transportation simplex algorithm. 

Researchers in the area of optimization extensively use the Northwest Corner 

Rule and the Russell methods [1] for getting the initial basic feasible 

solution. One of them is. Both methods have some shortcomings. The IBF 

solution obtained from the Northwest Corner Roll is far from the maximum 

solution. In addition, the IBF solution obtained using the Russell method 

does not provide enough entries to initiate a simple transport algorithm. West 

Corner Roll also spends more time trying to find the best solution. To this 

end, a new method has been developed in this work which addresses the 

mentioned drawbacks of Northwest Corner Rule and Russel Method and 

arrives at an IBF solution with required number of entries to start the chain 

reaction. The literature on transportation optimization problem is well 

developed in past decades. A realistic transportation problem which has 

significance in railroads as well as airlines was studied [2]. They tested the 

impact of three factors (moral reasoning, value orientation and risk 

preference) which varies from person to person, along with three factors (the 

presence/absence of audits, tax inequity, and peer reporting behavior) that 

depends upon situation having effect on tax compliance. These factors are 

statistically significant and it also influences tax compliance behavior. A 

solution for transportation based on computation modeling was developed for 

minimizing cost of shipping products from one location to another [3]. It was 

implemented to find optimal solution in transportation problems as manual 

computation might encounter several mistakes and consume time and effort. 

Results obtained were accurate and validated when compared to that of 

manually calculated results. An approximated optimized solution to 

transportation problems, which were constrained to transport simulations, 

was solved computationally [4]. A new optimization model was 

recommended to encompass pricing, greenhouse gas emission and planning 

of operation to maximize rail operator profit along with minimizing 

customers’ waiting queue [5]. Case studies were carried out to validate the 

model for improving rail freight service quality and reducing the emission of 

harmful greenhouse gases using simplex algorithm. An arithmetical method 

was illustrated [6] which can solve transportation problem by combining 

ideas, and based on the theory of linear inequalities. A mathematical 
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model was formulated for vehicle assignment problem in terms of multi-

objective optimization which was solved in a step-wise procedure [7]. The 

supply of goods from source to destination was solved by minimizing 

shipping cost while fulfilling the supply limit with demand requirements [8]. 

Both manual and computer methods are used for solving transportation 

problem in mining fields [9]. An optimum solution of transportation problem 

was determined by the use of Revised Distribution Method on the basis of 

unit allocation to cells in transportation matrix and Vogel’s Approximation 

Method [10]. A new method to transportation problems was proposed to get 

optimal solution by arithmetical and logical calculation [11]. It is inferred 

that complexity within a shorter period of time is reduced by producing a 

basic feasible solution, which can be used while optimizing other constraints. 

The cost required for shipping goods was minimized by an integrated 

algorithm, so that demand was fulfilled by finding optimal solutions to 

problems in transportation [2]. A transportation problem can have suboptimal 

solutions which are based on solution of averaged problems which are 

asymptotically optimal [12]. Zero neighboring method is also used to find 

feasible solution to transportation problems by an algorithm that proceeds by 

systematic procedure [13]. An optimum solution to transportation problem is 

proposed by minimizing the cost by a gradient-based method which is 

simple, easy to understand when compared with Vogel’s approximation 

method [14]. Direct Sum Method was proposed to evaluate its efficiency 

with the results obtained from standard methods. The results confirm that 

optimum solution of the problem can be easily computed numerically [15]. 

An approach with penalties in row to get feasible solution for transportation 

problems also produced suitable results [16]. 

In this article, IBF suggests starting the reform process by developing a 

solution. All source rows and destination columns of the initial transport are 

taken into account to provide the base variable (mapping). The rest of the 

paper is as follows: after giving an overview of the existing methodologies, 

the proposed optimization method is discussed. Few numerical examples for 

transportation optimization problems are solved using the new method and 

its advantages are highlighted. Lot of important research work has been done 

in the area of application of transportation subdiscipline of optimization and 

reported in literature [17,18.19,20,21,22,24,25].  

 

2 Different Procedure 
 

The problem of basic transportation can be explained [23], 

The general and standard procedures for obtaining initial basic solution 

and subsequently optimal solution are stated in the sections below. 
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 2.1 Northwest Corner Rule 
 

    In this method, the iteration for optimization begin by selecting x11 (that is, 

start in the northwest corner of the transportation simplex tableau). 

Thereafter, if xij was the last basic variable selected. In the next we then 

select xi,j+1 (that is, move one column to the right) again it is required to be  

verified if there is still any supply in i. Otherwise, choose  xi+1  (i.e. move 

down one line). Then the optimal solution can be obtained using the same 

iterative scheme.  
 

 2.2 Russell Method 
 

After inserting the basic variables ((i.e. number of entries = 1m n  ) in 

the desired cells for each source row (i = 1,2, ... m) and column (j = 1,2, ... 

n), after receiving the IBF, then take a value of  u = 0 0 (basically start with a 

line with no maximum entries). Then calculate the values of v and  u values 

by using the formula c =  u +  v  
i j i j

(with  basic cells). Then calculate 

=  c  - u - v
i j i j i j

  and repeat all of the non-basal cells until we have all 

positive values in the non-basal cells, which gives optimal solution. 
 

3 The Proposed Method for Optimal Solution  
 

The first step of optimization is to obtain the initial basic feasible 

solution. To this end, the traditional methods discussed above, which gives 

enough number of entries algorithm is obtained.  

The remaining optimization procedure follows [1] 

Here, the design variables approach to an optimal solution even though 

the number of entries in IBF is more than 1m n  (where, m is the number 

of rows and n is the number of columns of transportation table). This method 

is simple and fast converging, since there is no need to carry chain 

reaction/transportation simplex algorithm.  

 

4 Transportation Optimization Problem Solution 
 

The proposed method is next implemented to few numerical examples.  
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The optimization procedure is summarized step-wise as follows: 

1. Arrive at initial basic feasible solution which gives enough entries to start 

the iteration for optimal solution. 

2. Calculate all the necessary ui and vj values for the transportation problem 

using the allocation for basic cells known from IBF. 

3. Calculate the values of c  - u - v
i j i j

for all the non-basic cells and see if all 

values are greater than zero. If yes, declare the solution as optimal. 

4. If not, allocate necessary values to the cells (having negative c  - u - v
i j i j

) 

and adjust allocation to other cells based on the values of supply and 

demand. This is the key element of the new method. 

The procedure to obtain optimal solution is shown in the Tables below for 

two examples.  

 

5 Results and Discussion 

 

5.1 Example 1   
 

Consider the following parameters about the transport problem in Table 

1. The Fig. 1 sows the graphical representation of the demand. The IBF 

shown is obtained using existing methodologies. 

Sample calculation of ui and vj values are shown below: 

Let, u2 = 0 

Now, cij = ui + vj 

Now, c22 = u2 + v2 

                   Implies, v2 = 14 

c23 = u2+v3 

   Implies, v3 = 13  

Similarly, other values of u and v are calculated as shown in the table 

above and also in Fig. 1. 
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(b) 

Figure 1 a-b Graph Representation of the Demand at Different Locations 

 
                        Table 1 Transportation Optimization Problem with Parameter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Check for Optimality 
 

Here, for all non-basic cells: (2,1), (2,5) and (4,4), the values of (cij - ui - 

vj) is less than zero.  

So the solution is not optimum. Hence, allocate necessary values to 
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these three cells based on the values of supply and demand depending on the 

proposed method and obtain the Table 2. 

Let, 

 u3 =0 

 Now, cij = ui + vj 

 Now, c31 = u3 + v1 

Implies, v1 = 19 

Since all the values of cij-ui-vj > 0 for the non-basic cells, the solution is 

optimal.  

Z = 13 (40) + 22 (10) + 14(10) +13(30) +15(20) +19(20) + 19(20) + 23(10) + 

0(10) + 0(40) = 2560. 

Hence, there is no need carry out chain reaction/ transportation simplex 

algorithm which would have been the case using traditional methods. 

Table 2: Optimization solution using proposed method 

 

5.2 Example 2 
 

Consider the following parameters about the transport problem shown in 

Table 3. The IBF used in this table has been obtained based on the existing 

method. 

  
Table 3 Transportation Optimization Problem with Parameter 
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Let, u1 =0 

  Now, cij = ui + vj 

  Implies, c11 = u1 + v1  

Implies, v1 =3 

  c13 = u1 + v3 

  Implies, v3 = 6 and so on.  

Here, for all the non-basic cells (3,1) and (3,4) the values of (cij - ui - vj) is 

less than zero. So, the solution is not optimal. Hence, allocate necessary 

values to these two cells: (3,1) and (3,4) and adjust allocation to other cells 

based on the  Let, u1 =0 

  Now, cij = ui + vj 

  Implies, c11 = u1 + v1  

Implies, v1 =3 

  c13 = u1 + v3 

  Implies, v3 = 6 and so on.   

Here, for all the non-basic cells (3,1) and (3,4) the values of (cij - ui - vj) is 

less than zero. So, the solution is not optimal. Hence, allocate necessary 

values to these two cells: (3,1) and (3,4) and adjust allocation to other cells 

based on the values of supply and demand based on the new method and 

obtain Table 4. 
Table 4 Optimization Solution Using Proposed Method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample calculation of ui and vj values  

  Let, u1 =0 

  Now, cij = ui + vj 

  c11=u1+v1  
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     Implies, v3 = 6 and so on.  

Since all the values of (cij - ui - vj) > 0 for the non-basic cells, the solution is 

optimal.  

    Z= 3(3) +6(2) + 4(0) +3(0) +2(2) +4(0) +3(3) = 34 

        Hence, there is no need to carry out chain reaction/transportation 

simplex algorithm which would have been the case while using traditional 

methods. 

The concepts developed and as shown in this paper are applicable to various 

disciplines like Industrial Engineering, Mechanical Engineering etc. [24]. 

As can be seen above, the proposed new method developed in this paper 

has successfully been applied to 2 practical examples which shows the 

efficiency of the method. 

 

6 Conclusions 
 

A very fast converging method (with every iteration) for arriving at 

optimal solution of transportation problems has been developed in this paper. 

This is much easier to use than the traditional chain reaction method, which 

is slow-converging, starting from IBF obtained from any of the traditional 

methods. The method has been applied to some simple problems, but it has 

wide application and can be applied easily to a large transportation problem 

emanating from physical systems like supply chain and smart manufacturing. 
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