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Abstract---Transportation Problem (TP) cost is a term that refers to 

the operating costs associated with transportation. The cost of 

transportation is critical in order to optimize profit. In recent time, 
competitive global market and enterprises must carefully organize 

their transportation systems in order to keep transportation costs low. 

Modeling this transport channel is a management choice that entails 

determining the most cost-effective distribution strategy for a single 

homogenous item. This is referred to as a transportation issue, which 
may be expressed mathematically as a linear programming problem. A 

fundamental practicable solution is always necessary in the solution 

method of a transportation issue in order to reach the best solution. 

There several classic methods to find initial basic feasible solution 

(IBFS). In this work, a novel strategy for obtaining (IBFS) to (TP) is 

presented. Numerical examples are used to explain the suggested 
technique. 

 

Keywords---initial basic feasible solution, optimal solution, 

transportation cost. 

 
 

Introduction  

 

The transportation problem is a subset of the linear programming problem, which 

is studied in operations research. In general, the transportation problem is 

concerned with the distribution of high-quality sources (e.g. manufactories) to a 
large number of different destinations (e.g. warehouses). According to the model, 

the goal is to discover the delivery plan that reduces total transportation costs 
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while still fulfilling supply and demand limitations. In this model, the cost of 

shipping is assumed to be proportional to the number of units that are sent over 

a certain route. It is often possible to apply aspects of the transportation model to 
other aspects of a company's operations like inventory management, task 

scheduling, and personnel assignment. In 1941, Hitchcock identified the 

underlying transportation problem and proposed a constructive solution [1]. In 

1949, Koopman distinguished the transportation problem in further depth [2]. In 

recent days, and for good reason, transportation challenges are often mentioned 

across a broad spectrum of organizations and businesses. Transportation issues 
are often tackled utilizing well-known methodologies such as North West corner 

method (NWCM), least coast method (LCM), and Vogel approximation method 

(VAM). For discovering the simplest potential answer, (VAM) technique is more 

efficient than other methods. The arithmetic mean is the most frequently used 

and intuitive measure of a data set's central tendency, it is defined as the sum of 
each observation's numerical values divided by the total number of observations. 

Symbolically, if we have a data set with the values 𝑎1, 𝑎2 . . . 𝑎𝑛 , then the arithmetic 

mean A is defined by: 

 

𝐴 =  ∑
𝑎𝑖

𝑛

𝑛

1

   ;  ;  i =  1,2, … , n 

 

Transportation Problems 

 
The classical transportation problem examines a collection of nodes or places 

referred to as plants (𝑆1, 𝑆2, 𝑆3, . . .  , 𝑆𝑚) that have a ready-to-ship product and 

another set of sites referred to as destinations (𝐷1, 𝐷2, 𝐷3, . . .  , 𝐷𝑛) that need this 

commodity. The data set contains information on the commodity's availability at 

each plant, the commodity's demand at each destination, and the cost of shipping 

the commodity per unit from each plant to each destination is 𝐶𝑖𝑗. The purpose is 

to determine the quantity of material that must be transported from each facility 

to each destination, 𝑋𝑖𝑗, in order to meet requirements while incurring the fewest  

shipping costs feasible. A tableau (Table 1) and a network diagram (Figure 1) of 

the transportation issue are presented. 
 

Table 1 

Transportation Tableau 

       

Destinati

on 
Plants 

D1 D2 D3 Dn-1 Dn Supply 

 

quantit
y 

S1 x11 x12 x13 … x1,m-1 x1,n s1 

S2 x21 x22 x23 … x2,m-1 x2,n s2 

S3 x31 x32 x33 … x3,m-1 x3,n s3 

         . 

         . 
         . 

 .                       . 

 .                       . 
 .                       . 

       . 

       .   
       . 

         . 

         .    
         . 

.                       . 

.                       . 

.                       . 

       . 

       . 
       . 

Sm-1 xm-1,1 xm-1,2 xm-

1,3 

… xm-1,n-1 xm-1,n sm-1 

Sm xn,1 xn,2 xn,3 … xm,n-1 xm,n sm 
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Figure 1. Network representation of general transportation problem 

 
Take note that the dummy destination has no cost and that the fundamental 

solution must be acceptable to the transport model. There are various distinct 

approaches to the first solution that vary in terms of time and effort needed. 

Three of the most often utilized techniques for obtaining an appropriate 

fundamental solution are as follows [3]: 
 

• NWCM: This is the easiest method, since you do not take into account costs 

using any scientific logic in the distribution process (distribution of 

available quantities). 

• LCM: It is better than NWCM, that is, LCM gives a solution with less value 

than NWCM in most cases. 

• VAM: It is the best method to find IBFS among the classical methods, its 

solution value is near the optimal solution value.  

 
Transportation Model Problem  

 

The TP can be described in the following optimization problem: 

 

Minimized (Z)  ∑   ∑ 𝐶𝑖𝑗𝑋𝑖𝑗
𝑛
𝑗−1

𝑚
𝑖=1                                                       (1) 

Subject to           ∑  𝑋𝑖𝑗 = 𝑎𝑖𝑗  𝑛
𝑗−1                                                            (2) 

                          ∑  𝑋𝑖𝑗 = 𝑏𝑖𝑗  𝑛
𝑗−1                                                            (3) 

                          𝑋𝑖𝑗 ≥ 0                                                                               (4) 

 

Proposed Method (Arithmetic Mean Method) 

 

The researcher's approaches tried to give the fundamental answer to the issue of 
balanced and unbalanced transportation in order to get an effective solution 

(optimal or near-optimal). The authors introduced many papers to solve the 

Deman
d 
quantit
y 

d 1 d 2 d 3 … d n-1 d n  
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problems in various fields of sciences such as optimization [4- 26], reliability [27- 

36], and operations research [37- 43]. The following are the fundamental phases 

in this method: 
 

• The transfer schedule must be balanced. 

• We apply the mathematical formula { 𝐴 =  ∑
𝑎𝑖

𝑛

𝑛
1     ; i= 1,2,…,n } to each 

column separately . 

• Determine the highest value resulting from Step (2) in all columns and then 

choose the cell with the lowest cost to give the proper supply to meet the 
needs (demand). 

• If there are more than one column, we choose to allocate the cell with the 

lowest cost. 

• The row filled in the application does not enter into the following 

calculation. 

• Repeat steps (2-4) and after completing the filling of cells we calculate the 

total ost. 

 

To make the proposed method clear and easy to understand, here are some 
Examples 
 

In this section we give some examples to show the efficiency of the new algorithm. 

 

Example 1: Consider the following data: 
 

 
 

 

 

 

 

 
 

 

 

 

 
 

Cost =(2*100) + (5*80) + (6*120) + (4*50) + (7*190) + (6*60) = 3210   

Cost (VAM) = 3210 

 

Example 2: Consider the following data 

supply S4 S3 S2 S1  

100 
2    

100 

8        

    

3        

   
7         

     
D1 

200 
12      
    

11      

    

6    

120 

5        

80 
D2 

300 
6       

60 

7    

190 

4       

50 
10        
    

D3 

600 160 190 170 80 demand 

 6.6 8.6 4.3 7.3  

 6.6 - 4.3 7.3  

 6.6 - 4.3 -  

 9 - 5 -  

 

supply 
S4 S3 S2 S1  

100 
0        

    

6        

    

4        

   

3      

100 
D1 

80 
0        

    

8        

    

3       

80 
7         

    
D2 

90 
0       

50 

5        

   

4       

30 

6        

10 
D3 



         9326 

 

 

 

 
 

 

 

 

 

 
Cost = (3*100) + (3*80) + (6*10) + (4*30) + (0*50) + (2*60) + (0*60) = 840              

Cost (VAM) = 880 

 

While the suggested technique outperformed the Vogel approximation method in 

the majority of situations, there are certain unusual or few circumstances where 
the proposed method outperforms the Vogel approximation method, as seen 

below: 
 

Example 3 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
Cost = (20*4) + (14*5) + (9*1) + (15*5) + (10*2) + (9*7) + (6*5) = 347                                                  

Cost (VAM) = 308 
 

Conclusion 

 

In this paper, we use the new suggested strategy in order to offer a workable 
initial basic solution to transportation difficulties that is practical. The proposed 

technique will eventually aid industry managers in choosing their own supply 

lines. The effectiveness of the newly offered strategy is shown in the study's result 

and assessment section, where the overall performance of the recommended 

method is assessed. Also, the new technique is more computationally efficient 
and requires less time to acquire, indicating that it might be the first basic 

solution to transportation problems. Once again, the good optimal solution 

120 
0       

60 

2       

60 

5        

   
7         

    
D4 

390 110 60 110 110 demand 

 0 5.25 4 5.75  

 0 5 4 6.6  

 0 5 4 -  

 0 - 4 -  

 0 - 4.5 -  

supply S4 S3 S2 S1  

9 
20      
    

14      

 5 

16      

   

20       

4 
D1 

8 
10      

 2 

16      

    

15      

 5 

9         

  1 
D2 

7 
9        

 7 

5        

  

13      

   
8         

    
D3 

5 
11      
    

5        

  

6        

 5 
9         
   

D4 

29 9 5 10 5 demand 

 12.5 10 12.5 11.5  

 13 11.6 14.6 12.3  

 15 15 15.5 14.5  

 15 15 - 14.5  

 - 15 - 14.5  
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requires fewer repetitions in exchange for a better starting response. Taking all of 

this into consideration, we believe that our proposed approach may be used to 

develop the (IBFS) to (TP) and can be included into any operation research 
project. 
 

References 

 

1. A.,T. Hamdy, Operation Research An Introduction, Pearson Education, Inc., 

Prentice hall, 9 edition, Newjersey, USA, 2011. 
2. Diana, I. W., Gelgel, I. P., & Wimba, I. G. A. (2020). Hindu values based 

management in transportation service companies. International Research 

Journal of Management, IT and Social Sciences, 7(5), 196-208. 

https://doi.org/10.21744/irjmis.v7n5.991 

3. F. H. Abd Alsharify, G.A. Mudhar, and Z. A. H. Hassan, A modified technique 
to compute the minimal path sets for the reliability of the complex network, 

Journal of Physics: Conference Series, 1999(1) 012083, 2021. 

4. F. H. Abd Alsharify, Z. A. H. Hassan, Computing the reliability of a complex 

network using two techniques, Journal of Physics: Conference Series, 1963(1) 

012016, 2021. 

5. F. L. Hitchcock, The distribution of a product from several sources to 
numerous localities. Journal of mathematics and physics, Vol. 20, no. 1, pp. 

224- 230, 1941. 

6. G. Abdullah and Z. A. H. Hassan, A Comparison Between Genetic Algorithm 

and Practical Swarm to Investigate the Reliability Allocation of Complex 

Network, J. Phys.: Conf. Ser. 1818 (1) 012163, 2021.  
7. G. Abdullah and Z. A. H. Hassan, Use of Bees Colony algorithm to allocate 

and improve reliability of complex network, Journal of Physics: Conference 

Series, 1999(1) 012081, 2021. 

8. G. Abdullah and Z. A. H. Hassan, Using of Genetic Algorithm to Evaluate 

Reliability Allocation and Optimization of Complex Network, I.O.P. Conf. Ser.: 

Mater. Sci. Eng. 928(4) 0420333, 2020.  
9. G. Abdullah and Z. A. H. Hassan, Using of particle swarm optimization (PSO) 

to addressed reliability allocation of complex network, J. Phys.: Conf. Ser. 

1664 (1) 012125, 2020.  

10. H. A. Hussein and M. A. K. Shiker, A modification to Vogel’s approximation 

method to solve transportation problems, J. Phys.: Conf. Ser. no. 1591, 
012029, 2020. 

11. H. A. Hussein and M. A. K. Shiker, Two new effective methods to find the 

optimal solution for the assignment problems, Journal of Advanced Research 

in Dynamical and Control Systems, vol.12, no. 7, pp. 49- 54, 2020. 

12. H. A. Hussein, M. A. K. Shiker, and M. S. M. Zabiba, A new revised efficient 

of V.A.M. to find the initial solution for the transportation problem, J. Phys.: 
Conf. Ser. no. 1591, 012032, 2020. 

13. H. A. Mueen and M. A. K. Shiker, A New projection technique with gradient 

property to solve optimization problems, J. Phys.: Conf. Ser. 1963, 012111, 

2021. 

14. H. A. Mueen and M. A. K. Shiker, Using a new modification of trust region 
spectral (T.R.S.) approach to solve optimization problems, J. Phys.: Conf. Ser. 

1963, 012090, 2021. 



         9328 

15. H. A. Wasi and M. A. K. Shiker, A modified of F.R. method to solve 

unconstrained optimization, J. Phys.: Conf. Ser. 1804, 012023, 2021. 

16. H. A. Wasi and M. A. K. Shiker, A new hybrid C.G.M. for unconstrained 

optimization problems, J. Phys.: Conf. Ser. no. 1664, 012077, 2020. 
17. H. A. Wasi and M. A. K. Shiker, Nonlinear conjugate gradient method with 

modified Armijo condition to solve unconstrained optimization, J. Phys.: 

Conf. Ser. 1818, 012021, 2021. 

18. H. A. Wasi and M. A. K. Shiker, Proposed C.G. method to solve unconstrained 

optimization problems, J. Phys.: Conf. Ser. 1804, 012024, 2021.  

19. H. H. Dwail and M. A. K. Shiker Using a trust region method with non 
monotone technique to solve an unrestricted optimization problem, J. Phys.: 

Conf. Ser. 1664, 012128, 2020. 

20. H. H. Dwail and M. A. K. Shiker, Reducing the time that T.R.M. requires to 

solve systems of nonlinear equations, I.O.P. Conf. Ser.: Mater. Sci. Eng. 928, 

042043, 2020. 
21. H. H. Dwail and M. A. K. Shiker, Using trust region method with BFGS 

technique for solving nonlinear systems of equations, J. Phys.: Conf. Ser. 

1818, 012022, 2021. 

22. H. H. Dwail et al., A new modified T.R. algorithm with adaptive radius to 

solve a nonlinear systems of equations, J. Phys.: Conf. Ser. 1804, 012108, 

2021. 

23. H. H. Dwail, M. M. Mahdi, and M. A. K. Shiker, CG method with modifying 𝛽𝑘 

for solving unconstrained optimization problems, Journal of Interdisciplinary 

Mathematics, DOI: 10.1080/09720502.2022.2040854. 2022. 
24. H. J. Kadhim and M. A. K. Shiker, Solving QAP with large size 10 facilities 

and 10 locations, Journal of Positive School Psychology, 6: 2, p. 5465 – 5471. 

2022. 

25. H. J. Kadhim, M. A. K. Shiker and H. A. Hussein, A New technique for finding 

the optimal solution to assignment problems with maximization objective 

function, J. Phys.: Conf. Ser. 1963 012104, 2021. 
26. H. J. Kadhim, M. A. K. Shiker and H. A. Hussein, New technique for finding 

the maximization to transportation problems J. Phys.: Conf. Ser. 1963, 

012070, 2021. 

27. K. H. Hashim and M. A. K. Shiker, Using a new line search method with 

gradient direction to solve nonlinear systems of equations, J. Phys.: Conf. 
Ser. 1804, 012106, 2021. 

28. K. H. Hashim et al., Solving the Nonlinear Monotone Equations by Using a 

New Line Search Technique, J. Phys.: Conf. Ser. 1818, 012099, 2021. 

29. L. A. Issa, and Z. A. H. Hassan, Use of a modified Markov models for parallel 

reliability systems that are subject to maintenance, Journal of Physics: 

Conference Series, 1999(1) 012087, 2021. 
30. L. H. Hashim et al., An application comparison of two negative binomial 

models on rainfall count data, J. Phys.: Conf. Ser. 1818, 012100, 2021. 

31. L. H. Hashim et al., An application comparison of two Poisson models on zero 

count data, J. Phys.: Conf. Ser. 1818 012165, 2021. 

32. M. A. K. Shiker and Z. Sahib A modified trust-region method for solving 
unconstrained optimization, Journal of Engineering and Applied Sciences, 

vol. 13, no. 22, pp.  9667– 9671, 2018. 

http://10.0.4.56/09720502.2022.2040854


 

 

9329 

33. M. M. Mahdi and M. A. K. Shiker, A New Class of Three-Term Double 

Projection Approach for Solving Nonlinear Monotone Equations J. Phys.: 

Conf. Ser. 1664, 012147, 2020. 
34. M. M. Mahdi and M. A. K. Shiker, A new projection technique for developing a 

Liu-Storey method to solve nonlinear systems of monotone equations, J. 

Phys.: Conf. Ser. 1591, 012030, 2020.  

35. M. M. Mahdi and M. A. K. Shiker, Solving systems of nonlinear monotone 

equations by using a new projection approach, J. Phys.: Conf. Ser. 1804, 

012107, 2021. 
36. M. M. Mahdi and M. A. K. Shiker, Three terms of derivative free projection 

technique for solving nonlinear monotone equations, J. Phys.: Conf. Ser. no. 

1591, 012031, 2020. 

37. M. M. Mahdi and M. A. K. Shiker, Three-Term of New Conjugate Gradient 

Projection Approach under Wolfe Condition to Solve Unconstrained 
Optimization Problems, Journal of Advanced Research in Dynamical and 

Control Systems, vol. 12, no. 7, pp. 788- 795, 2020. 

38. M. M. Mahdi, H. H. Dwail, and M. A. K. Shiker, Hybrid spectral algorithm 

under a convex constrained to solve nonlinear equations, Journal of 

Interdisciplinary Mathematics, DOI: 10.1080/09720502.2022.2040851. 

2022. 
39. M. S. A. Sahib M S A, and M. A. K. Shiker, Employing the golden ratio to 

reach the BFS for T.P. International Journal of Health Sciences, 6: 2, p. 

14894–14901. 2022. 

40. N. K. Dreeb, et al., Using a New Projection Approach to Find the Optimal 

Solution for Nonlinear Systems of Monotone Equation, J. Phys.: Conf. Ser. 

1818, 012101, 2021. 
41. S. A. K. Abbas, Z. A. H. Hassan, Increase the Reliability of Critical Units by 

Using Redundant Technologies, Journal of Physics: Conference Series, 

1999(1) 012107, 2021. 

42. S. A.K. Abbas, Z. A. H. Hassan, Use of ARINC Approach method to evaluate 

the reliability assignment for mixed system, Journal of Physics: Conference 
Series, 1999(1) 012102, 2021.  

43. Suarez, M. C. G., & Gonzalez, V. G. (2018). Mercury: risks and handling as 

hazardous waste. International Journal of Life Sciences, 2(2), 64–72. 

https://doi.org/10.29332/ijls.v2n2.176 

44. T.C. Koopmans, Optimum utilization of the transportation 

system. Econometrica: Journal of the Econometric Society, vol. 17, pp. 136-
146, 1949. 

45. Widana, I.K., Sumetri, N.W., Sutapa, I.K., Suryasa, W. (2021). 

Anthropometric measures for better cardiovascular and musculoskeletal 

health. Computer Applications in Engineering Education, 29(3), 550–561. 

https://doi.org/10.1002/cae.22202 

46. Z. A. H. Hassan and E. K. Mutar, Geometry of reliability models of electrical 
system used inside spacecraft, 2017 Second Al-Sadiq International 

Conference on Multidisciplinary in I.T. and Communication Science and 

Applications (AIC-MITCSA), pp. 301-306. 2017. 

https://10.0.4.56/09720502.2022.2040851

