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Abstract: Transportation models are of multidisciplinary fields of interest. 

Solution procedure of Transportation Problem (TP) plays an important role 

for its wide application in operation research. For an optimal solution for any 

TP, it first needs the problem to be balanced. Least Cost Matrix (LCM), as 

well as other well-known methods are used for balanced TP and also used for 

unbalanced TP by setting zero transport cost corresponding to the dummy 

nodes. In the case of LCM, it frequently falls in a pitfall and consequences 

the total transportation cost becomes larger. Here we have proposed a 

Modified Least Cost Matrix (MLCM) algorithm for unbalanced TPs in 

which the costs against dummy cells are set a nonzero with a convenient way 

so that algorithm is inherently prevented to allocate dummy routes. 

Experimental results show that the proposed algorithm is efficient and it is 

able to find better IBFS. Moreover, it needs less number of iterations for the 

optimal solution. 

 

 

 

1. Introduction  

Transportation problem is a special kind of linear programming problem which is based 

on supply and demand of commodities transported from several sources to the different 

destinations. Many researchers have developed numbers of algorithms and also research works 

are ongoing for better results to solve TP. Most of the approaches are suitable for balanced 

transportation problems i.e. the total number of supply is same as total number of demand. 

There are many methods exist in the literature to  solve TP. Most of the approaches are 

dedicated to find an Initial Basic Feasible Solution (IBFS). Least Cost Matrix (LCM) is the 

well-known and simple approach for finding out IBFS of any balanced TP (Taha, 2003). In the 

case of unbalanced TP, the existing methods create a dummy origin or destination (source or 

sink) node according to the lack of demand or supply. But each route cost - from dummy origin 

to each real destination (or from real origin to each dummy destination) set to zero (Taha, 

2003).  So the total transportation cost is not affected by dummy transportation.    

Besides LCM, many authors work with balanced TP such as Vogel’s Approximate Method 

(VAM) (Reinfeld and Vogel, 1958), and some of its variants obtained by modifying some tricks 

on cost matrix (Ramakrishnan, 1988; Korukoglu and Balli, 2011; Amirul et al., 2012) and etc. 
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Some  researchers  describe  modifications  to  Vogel’s Approximation  method  for  obtaining  

initial  solutions  to  the  unbalanced transportation  problem.  Shimshak (1981) proposed a 

modification (SVAM) which ignores any penalty that involves a dummy row/column. For 

example, if there is a dummy  column  in  the  cost  matrix,  the  penalties  are  ignored  not  

only  for  the dummy  column but  also  for  all  the  rows  since  the  calculation  of  row  

penalties involves the dummy column. Goyal (1984) suggested another modification in 

(GVAM) where the cost of transporting goods to or from a dummy point is set equal to the 

highest transportation cost in  the  problem,  rather  than  to  zero.  

In this research article, a modified LCM algorithm is proposed for unbalanced TP to overcome 

the shortcoming of LCM regarding unbalanced TP, we have set a non-zero amount of cost to 

dummy routes with a convenient way. The transportation costs due to dummy routes are 

ignored by the algorithm so that the total transportation cost is independent transportation cost 

due to dummy routes. 

 

2. Mathematical model of balanced transportation problem 

2.1 Linear Programming model of TP 

It is worthwhile to present a mathematical model of a general balanced TP. Let, the amount of 

supply available at source    is     and the demand required at destination    is     . The cost of 

transporting one unit from source   to destination   is    . Obviously,      for each   and 

     for each   . Let,      be the quantity transported from source    to destination   . The cost 

associated with this movement (route) is cost × quantity =         .  The cost of transporting the 

commodity from all sources to all destinations, is given by 

                           
 
      

 
                                                                                                   (1) 

where, m is the total number of sources whereas n is the total number of destinations. 

In order to minimize the transportation costs, the general formulation of the transportation 

problem is as follows:  

             Minimize           
 
      

 
                     (Total transportation cost)                    (2.1) 

Subject to          
 
                     (Supplies at source)                            (2.2) 

                                       
 
                      (Demands at destination)                    (2.3) 

                                                                            (Quantities)                                         (2.4) 

It is noted that in a balanced transportation model the total supply is equal to the total demand 

i.e.  

     
 
     

 
                                                                                                              (2.5) 

 

 

3. Proposed Modified LCM Algorithm 

Before formulation of the modified algorithm, the first task is to transfer the unbalanced TP to 

balanced TP in a convenient way so that algorithm is able to escape from the pitfall.  

 
3.1 Formulation of a transportation model for unbalanced TP 
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To make an unbalanced TP to balanced TP a new dummy source/sink is set up. So the number 

of sources/sinks becomes one more. But, whatever be the unit transportation cost corresponding 

to the dummy node, the total transportation cost should be ineffective due to dummy 

transportations as it is mimic. But it is just needed for mathematical modeling.  By exploiting 

these phenomena, the mathematical model of unbalanced TP is formulated as follows:  

Step 1: Find out the excessive amount of commodities and identify whether it is a source or 

sink and accordingly create a dummy origin or destination: 

(a) If      
 
          

  then introduce a dummy destination such that        , so 

   
 
     

   
  and set            .   

(b) If     
 
          

  then introduce a dummy origin such that         , so 

   
   
     

 
  and set              .  

(c)  Finally mathematical model of cost minimization of the TP : 

               Minimize              
 
      

 
                   (Total transportation cost)                 (3.1) 

Subject to          
 
                       (Supplies at origin)                            (3.2) 

                                          
 
                      (Demands at destination)                  (3.3)    

                                                                             (Quantities)                                    (3.4) 

and obviously,             
 
     

 
                                (Balanced condition)                         (3.5) 

It is remarked that for the calculation of total transportation cost, the algorithm is able to ignore 

the costs due to dummy transportation. So whatever be set unit dummy transportation cost to 

each dummy route the total transportation cost is ineffective by the dummy transportations of 

the commodity.   
 

3.2 Formulation of the unit cost of dummy route 

Our next task is to set the amount of unit transportation cost for each dummy route (cell). It is 

defined in such a way that these routes (route corresponding to dummy node) have the largest 

transportation cost but at the same time, it should be generic. Therefore, it is set unit 

transportation cost =       
 
   

 
    corresponding to each dummy route. 

3.3 Allocation procedure of the Proposed Modified LCM Algorithm 

Step 4 (Allocation procedure): Allocation procedure is very simple and easy to implement. 

The algorithm prefers the smallest cost first for allocation and so on. That is, allocate the 

commodity to the route (cell) corresponding to minimum cost. But if there is more than one 

route has identical transportation cost then algorithm allocates to the route in which a larger 

amount of commodity to be allocated. Again if more than one routes’ transportation cost is the 

identical and also available amount of commodity to be allocated is identical (i.e. the 

             values for two routes are identical) then tie one of them arbitrarily. It is noted that 

after allocation to the cell     contained the minimum transportation cost the cell      will be 

exhausted along with its   th row or   th column which contains minimum commodity. That is, 

all the cells of the row i if                 or column j if                or one of them 

arbitrarily (row i and column j) if                   is crossed out after allocation at the 
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cell      with allocate the amount             . So for further allocation, if any, it is needed to 

consider reduced matrix. 

Step 5 (Termination): Continuing the allocation procedure of Step 4 sequentially until all 

possible allocations are done.  
 

4. Experimentation and discussion 

For the justification and effectiveness of the proposed Modified LCM (MLCM), a typical 

example (given in the Table 1) is considered and which is demonstrated below:   

 

 

 

 

 

 

 

 
 

It is observed in Table 1 that, total supply =         
    is exceeded from total demand = 

        
    with an amount of 25 units of the commodity. So, we have introduced a dummy 

Destination (D4) with amount 25 dummy supplies but set zero transportation cost to all routes 

corresponding to the dummy node (destination D4) displayed in Table 2. The allocation 

procedures and IBFS are displayed in Table 3. In Table 3 the symbols, ,  etc. denote the 

steps of allocation.  

 

 

Therefore, the total cost of the IBFS obtained by the LCM method for the TP: 

 

                   
 
      

 
     

               =0×25+4×25+5×12+40×14+10×17+45×21=1835 

Again, to perform experiment through the proposed MLCM approach we have again introduced 

a dummy destination (D4) with amount 25 dummy demand but set 128 (sum of all cost i.e., 

Table 1: An Unbalanced TP 
 
 

 D1 D2 D3 Supply 

            O1 4 10 14 50 

            O2 12 19 21 50 

            O3 15 14 17 50 

 Demand      30 40 55  

Table 2: Balanced TP after induced 

dummy Source for LCM approach 

 D1 D2 D3 D4 Supply 

            O1 4 10 14 0 50 

            O2 12 19 21 0 50 

            O3 15 14 17 0 50 

 Demand      30 40 55 25  

Table 3: The procedures of LCM with  IBFS  where dummy cost are set to zero 

 

 

D1 D2 D3 D4 S 

O1 4                

25   

10 

× 

14 

× 

 

0               

25 

 

5                
 

50,25 

O2 12               

5     

 

19 

× 

 

21                

45             

0 

 × 

              

50,45 

O3 15 

× 

 

14            

40  

17               

10             

0 

× 

 

50,10 

D 30,5 40 55,45 

 

25  
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 ) as transportation cost to each dummy routes (cells) (see Table 4). The IBFS along 

the flow of allocations is shown in the compact form in Table 5. The numerical symbols i.e.  , 

 …, indicate the number of steps in allocations procedures as well.  

 

 

 

Therefore, the total cost of the proposed MLCM method  

           
   
   

 
                                    = 1635.   

Now we have compared both approaches namely LCM and MLCM regarding this experimental 

result. The comparison is shown in Table 6. It is observed in Table 6 that the proposed MLCM 

approach outperforms the LCM approach for both in Total transportation cost as well as the 

number of iterations needed to obtain the optimal solution by TORA software (Taha 2003).  

Table 6: The comparison between LCM and MLCM approach in unbalanced TP 

 

Method Total cost for IBFS Number of iteration to 

obtain optimal solution 

LCM 1835 3 

MLCM 1635 Optimal 

 

From these primary numerical experimental studies, it may be concluded that the proposed 

MLCM approach is more efficient and effective for solving unbalanced transportation problem 

compared to traditional LCM approach. 

 

5. Conclusion  

In this article, a new algorithm is developed to find out IBFS for unbalanced transportation 

problems. The proposed algorithm is able to overcome the shortcoming of traditional Least Cost 

Matrix method in the case of unbalanced transportation problem. The proposed MLCM 

approach provides an optimal solution directly or a better IBFS solution which required a 

minimum number of iterations to obtain an optimal solution.  But the traditional LCM gives 

IBFS which requires more number of iterations to obtain optimal solution.   Therefore the 

proposed MLCM is more efficient and also effective to find out IBFS compared to existing 

LCM approach for unbalanced TP. 

Table 4: Balanced TP after induced 

dummy Source for the MLCM approach 

 D1 D2 D3 D4 Supply 

            O1 4 10 14 128 50 

            O2 12 19 21 128 50 

            O3 15 14 17 128 50 

 Demand      30 40 55 25  

Table 5: The procedures of proposed MLCM 

with  IBFS  where dummy cost are set to 128 

 

 

D1 D2 D3 D4 S 

O1 4 

30  

10 

20   
 

14 

× 

 

128      

× 

 

 

 

5                
 

50,20 

O2 12 

× 

 

 

19 

× 

21 

25   

128 

25   
 

50,25 

O3 15 

× 

 

14 

20  

17 

30   

128 

× 

 

50,30 

D 30 40,20 55,25 

 

25 
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