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Abstract 

 
The time required to reach the optimal solution for transportation problem (TP) is primarily dependent on the quality 
of the IBFS method. Therefore, many researchers are involved in developing a new IBFS method for TP. Another 
reason for proposing new IBFS methods is that most of the organizations are expecting better solution than the best 
solution in comparing with the type of expertise and technology required for obtaining the best solution. Based on 
our detailed analysis of the literature, it is observed that there are 105 IBFS methods are presented in the literature. 
Though many IBFS methods are reported, to the best of our knowledge, no study systematically reviewed all the 
reported IBFS methods in the literature. So, this study addressed this gap. From the detailed analyses of the literature 
it is observed that (a) except a very few studies, all the reported studies in the literature did not follow the required 
research processes to claim that the proposed method(s) is(are) performing better/superior to the benchmark 
procedure(s) considered in their respective study, (b) almost all the researchers considered the VAM as benchmark 
procedure but not the latest better performing IBFS method(a) reported in the literature; (c) a few sets of authors 
proposed different IBFS methods and published in different journals, but they never compared their own proposed 
methods together; and (d) though there are 143 different tiny size transportation problems reported during 1965 to 
2020 in the literature for performance analysis, all most all the research studies considered only a very small number 
of tiny TP instances out of these 143 instances, which are favoring their proposed method(s), for their performance 
analysis. These observations are substantiated by solving all the 143 tiny TPs, identified in the literature, considering 
a set of latest IBFS methods published in the literature. 
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The Transportation Problem (TP), distribution problem in a broader sense, optimizes the transportation cost or 
delivery time for any industry with the number of sources and number of destinations along with satisfying 
constraints on supply limits and demand requirements. Furthermore, many non-distribution problems (that is without 
shipment of commodities) can be formulated as TP (Mathirajan et al. (2010, 2020), Tayyeh et al. (2018)).  
 
Though there are various methods such as linear programming (LP) approach, network approach, transportation 
method, etc. are available in the literature, the transportation method is widely used. This is mainly because the 
customized implementation of the transportation method particularly coupling with any other logistics/supply chain 
decision problem is very easy, compared with other methods. The transportation method follows a two-step 
procedure for getting optimal transportation cost. The first step is finding an Initial Basic Feasible Solution (IBFS). 
In the second step, using the given IBFS, the optimal solution is obtained by following any one of the available 
optimization procedures in the literature.  The time required to reach the optimal solution following the 2nd step of 
the transportation method is primarily dependent on the quality of the IBFS method. This indicates that the IBFS 
method should provide an efficient solution, which is somewhat near to the optimal solution. Therefore, researchers 
are continuously involved in developing a new IBFS method for getting efficient IBFS for the transportation 
problem. Another reason for continuous research in proposing a new and efficient IBFS method for TP is that most 
of the organizations are expecting better solution than the best solution in comparing with the type of expertise and 
technology required towards obtaining better vs. best solution. 
 
Since the very first IBFS method: Least Cost Method (Hitchcock, 1941), many IBFS methods have been proposed 
and reported in the literature by various researchers (Example: Russel (1969), Goyal (1984), Kirca and Satir (1990); 
Mathirajan and Meenakshi (2004);  and Storozhyshina et al. (2011), Korukoglu and Balli (2011); Singh et al. (2012), 
Deshmuk (2012), Das et al. (2014a, 2014b), Juman and Hoque (2015),  Ahmed et al. (2016a, 2016b), Uddin and 
Khan (2016), Hosseini (2017), Kaur et al. (2019), Amaliah et al. (2019), Reza et al. (2019), and Babu et al. (2020)). 
However, to the best of our knowledge, there is no study systematically reviewed all the reported IBFS methods in 
the literature for obtaining (a) a quick summary of the IBFS methods available in the literature, (b) the merits of the 
new methods proposed in the literature, etc. So, this study attempts to fill this gap.  
 
The rest of the paper is organized as follows. Research Methodology followed to address the objective of the study 
is discussed in the following section. Based on the complete analysis of the published articles on IBFS methods for 
TP, since 1941, the main observations are presented in Section 3. Finally, the overall conclusion of the study with 
the limitations is discussed in the last section. 
 
2. Research Methodology 
 
The review carried out in this study is to identify all the published research on IBFS method in relevant publications 
in journals, conference proceedings, chapters in books, and lecture notes in computer science. So, the literature 
search was based on 10 descriptors: “Initial Basic Feasible Solution Method for Transportation Problem”, “IBFS for 
Transportation Problem”, “Heuristic Method for Transportation Problem”, “Algorithm for Transportation Problem”, 
“Solution Method for Transportation Problem”, “Vogel Approximation Method”, “Least Cost Method”, “Matrix 
Minimum Method”, and “Alternate Method for Transportation Problem”, and “Solving Transportation Problem”. 
With these, the identified full text of each article was reviewed for eliminating those articles that were not really 
related to IBFS methodologies for TP.  Similarly, for those journals that did not have online databases, we manually 
searched the journals, and the full text was reviewed. Finally, our search resulted in 105 articles related to IBFS 
methodologies for TP. 
 
3. Main Observations Based on the Analysis of 105 Articles on IBFS Method for TP 
 
All the identified and reviewed articles are systematically organized to mainly analyze how the performance of the 
proposed method(s) are carried out in each of the reviewed articles. Since every IBFS method is heuristic in nature, 
we particularly carried out the analyses on identifying (a) what is/are the benchmark method(s) considered, (b) the 
number of problem configurations along with the number of problem instances per configuration considered, and (c) 
the type of performance evaluations: Empirical/Statistical considered, etc., to get a summary view along with the 
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merit(s) on the proposed IBFS methods, reported in the literature. Accordingly, our focused analyses on the 105 
articles, identified related to IBFS methods for TP, indicated the following: 
 
 Except a few studies [Kirca and Satir (1990); Mathirajan and Meenakshi (2004); and Storozhyshina et 

al. (2011), Korukoglu and Balli (2011); Singh et al. (2012)] all the reported studies in the literature did 
not follow the required research processes to claim that the proposed method(s) is(are) performing 
better/superior to the benchmark procedure(s) considered in their respective study. Solving a few tiny 
instances [either randomly generated and/or taken from many different published articles] and claiming 
that their method(s) is(are) superior in comparison with benchmark procedure is not scientific in nature. 
This is due to the fact that the proposed method(s) is(are) heuristic in nature and it requires thorough 
research processes (Krishnaswamy, et al. 2009) to conclude about its performance in comparison with 
the benchmark procedure.    
 

 We identified 143 unique small size (3x3, 3x4, 3x5, 4x3, 4x4, 4x5, 4x6, 5x4, 5x5, 5x6, 5x7, 6x6, 7x6, 
7x7, 8x8, 8x9, 10x6, 10x7, 10x10) transportation problem instances from 60 different reported studies. 
All most all the reported research studies considered only a few small numbers of tiny TP instances, out 
of 143 unique problem instances identified, particularly favoring their proposed method(s), for their 
performance analysis. But, to the best of our knowledge, no study considered all the 143 problem 
instances for performance analysis.  
 

 A few reported research studies [Korukoglu and Balli (2011); Singh et al. (2012)] considered a large 
number of randomly generated instances [from small instances to large size instances] for performance 
analyses. However, they considered only the parameter: size (row x column) of the TP for randomly 
generating problem instances. In these studies, there is no proper experimental design, considering all 
the relevant parameters (size of the TP problem, cost of the transportation structure, supply quantities, 
demand quantities) of the TP to generate suitable problem instances. That is, there is a limitation of these 
studies as the TP solution would highly be dependent on the important inputs related to cost range, 
supply range, and demand range of the problem!. 

 
 Almost all the researchers aimed to compare Vogel Approximation Method to claim their method(s) 

is(are) performing better. They did not consider the latest better method(s) [particularly already reported 
methods(s) in the literature at the time of their development of new IBFS method(s)] reported in the 
literature as benchmark procedure. 

 
 A few sets of authors [Ahmed et al. (2014, 2015, 2016a, 2016b, 2016c); Babu et al. (2013, 2020); Das et 

al. (2014a, 2014b); Khan et al. (2015a, 2015b); Soomro et al. (2014, 2015); Uddin (2012), Uddin et al. 
(2016)] proposed different IBFS methods and published in different journals. Surprisingly, they never 
compared their own set of IBFS methods together in any paper in comparison with the benchmark 
procedure(s) considered in their study. 

 
 It is noticed that a few IBFS methods (Example: Geometric Mean Method, South-East Corner Method, 

Average Opportunity Cost Method) are claimed as proposed by a different set of authors in different 
journals. It shows that the authors are not serious about the importance of literature review on the 
specific research before carrying it out. 

 
To substantiate the above major observations on various IBFS methods published in the literature, the IBFS 
methods: VAM-TCM (Winston, 2004), VAM-TOCM (Mathirajan and Meenakshi, 2004), MDM-TCM (Pargar et al., 
2009), RAM-TCM (Hillier and Lieberman, 2010), RAM-TOCM (Storozhyshina et al., 2011), MDM-TOCM 
(Storozhyshina et al., 2011), JHM-TCM (Juman and Hoque, 2015), SDM-TCM (Geetha and Anandhi, 2018), MT-
TOCM (Amaliah, et al., 2019), KSM-TCM (Karagul and Sahin, 2020), and IVAM-TCM (Babu, et al., 2020) are 
considered for solving 143 distinct small size numerical examples (identified in the published studies during 1965-
2020).   
 
The solution obtained for each of the 143 small size instances using each of the IBFS methods considered in this 
study are empirically analyzed based on (a) average relative percentage deviation (ARPD) with respect to the 
optimal solution, obtained using LP approach, (b) number of times each of the IBFS methods is better than and same 
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as VAM, and (c) number of times the IBFS method yielded the optimal solution. Accordingly, the required results 
are computed for solving each of the 143 small examples and the same is presented in Figure 1, Table 1, and Table 2 
respectively.  
 
From Figure 1,  Table 1, and Table 2 it is observed that on an average the IBFS method: VAM-TOCM outperforms 
the other methods. Unfortunately, almost all the studies have considered mostly VAM-TCM as a benchmark 
procedure and not other IBFS method(s) published before their proposed method(s).  Furthermore, only a very small 
size instances (which are favorable to their proposed methods) are chosen and claimed that their proposed method(s) 
is/are superior to the VAM-TCM. This is further verified by statistically analyzing the performance of the IBFS 
methods considered in this study w.r.t. to VAM-TCM using the nonparametric test called Wilcoxon Signed Rank 
test. Accordingly, the following hypotheses are proposed for the analysis: 
 
H0: Various IBFS method reported in the literature – VAM-TCM = 0 (i.e., Both are equal) 
Ha: Various IBFS method reported in the literature – VAM-TCM ≠ 0 (i.e., Both are unequal) 
 
Using the results obtained for each of the 143 small size instances, the Wilcoxon Signed Rank test is conducted and 
the summary results obtained are shown in Table 3. Here, negative rank represents the number of instances out of 
143, IBFS method reported in the literature performs better than VAM-TCM. Positive rank represents the number of 
instances out of 143, IBFS method reported in the literature performs worse than VAM-TCM. And Tie represents 
the number of instances out of 143, both are performing the same. With this premise, it is observed from Table 3 the 
following inferences 

 Positive ranks are higher than negative ranks for all pairs except the pairs: (1) VAM-TOCM Vs VAM-TCM, 
(2) IVAM-TCM Vs VAM-TCM, (3) MT-TOCM Vs VAM-TCM. This indicates that except for these three 
methods all IBFS methods reported in the study are not performing better than VAM-TCM!. Also observed 
that VAM-TOCM and IVAM-TCM are performing the same as VAM-TCM (that is, Tie) for more no. of 
instances. Further, this study observed that, out of 143 instances, 57 times MT-TOCM performing better than 
VAM-TCM and 56 times performing the same as VAM-TCM.  

 Furthermore, the P-values for the six pairs of IBFS methods are less than or equal to 0.05. It indicates that all 
the IBFS methods considered in this study except RAM-TCM, RAM-TOCM, SDM-TCM, and IVAM-TCM 
are statistically different from VAM-TCM method. 

 
The inferences are drawn, both empirically and statistically, based on the results shown in Figure 1, Table 1, Table 
2, and Table 3 can not be generalizable as the numerical examples considered are very small size. To get real 
absolute and relative performance analyses a good experimental design as presented in Kirca and Satir (1990) and 
Mathirajan and Meenakshi (2004) should be used to generate test data. However, this research processes need a 
thorough computational analysis study and this is one of the important future research in deciding/identifying 
relatively better-performing IBFS method(s).  
 
4. Conclusion 
 
We conclude our analyses of the review on IBFS for TP that many researchers should re-visit their proposed IBFS 
method to probably know the robustness of the method by solving many large-scale problem instances, which 
should be generated following a good experimental design, particularly comparing with the latest best known IBFS 
method (instead of comparing with textbook methods) as well as with optimal solution using LP. Finally, we 
highlight that though our search may not be exhaustive, it is sufficiently representative to get the trend and pattern 
results to shed greater understanding on the development and evolution of research on IBFS for TP and to identify 
potential research areas for further research and improvement. 
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Figure 1: Performance of various IBFS methods w.r.t. optimal solution over 143 small-scale TPs 

 
 

Table 1: Number of times IBFS methods resulted better than VAM and same as VAM 

IBFS Method 
Reported in the 

Literature 
Researcher 

Out of 143 Instances reported in the literature, the 
Number of Times the IBFS Methods Reported in the 

Literature yielded 

Better than VAM 
solution 

same as VAM 
solution 

Better than 
VAM and 

Same as VAM 

VAM-TOCM Mathirajan and Meenakshi (2004) 45 93 138 

MDM-TCM Pargar et al., 2009 36 16 52 

RAM-TCM Hillier and Lieberman (2010) 52 31 83 

RAM-TOCM Storozhyshina et al. (2011) 55 21 76 

MDM-TOCM Storozhyshina et al. (2011) 37 16 53 

JHM-TCM Juman and Hoque (2015) 27 14 41 

SDM-TCM Geetha and Anandhi (2018) 47 48 95 

MT-TOCM Amaliah, et al. (2019) 57 56 113 

KSM-TCM Karagul and Sahin (2020) 27 17 44 

IVAM-TCM Babu, et al. (2020) 29 94 123 
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Table 2: Number of times various IBFS methods resulted in the optimal solution 

IBFS Method 
Reported in the 

Literature 
Researcher 

Out of 143 Instances reported in the 
literature, the Number of Times the IBFS 

Methods Reported in the Literature 
yielded the optimal solution 

VAM-TCM Winston, 2004 58 

VAM-TOCM Mathirajan and Meenakshi (2004) 78 

MDM-TCM Pargar et al., 2009 25 

RAM-TCM Hillier and Lieberman (2010) 50 

RAM-TOCM Storozhyshina et al. (2011) 40 

MDM-TOCM Storozhyshina et al. (2011) 25 

JHM-TCM Juman and Hoque (2015) 9 

SDM-TCM Geetha and Anandhi (2018) 57 

MT-TOCM Amaliah, et al. (2019) 80 

KSM-TCM Karagul and Sahin (2020) 22 

IVAM-TCM Babu, et al. (2020) 58 
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Table 3: Wilcoxon signed-rank test results  

Ranks 
Z-Value P-Value 

 N Mean Rank Sum of Ranks 

VAM-TOCM - VAM-TCM 

Negative Ranks 45a 24.82 1117.00 

-4.637ae 0.000 
Positive Ranks 5b 31.60 158.00 
Ties 93c   
Total 143   

MDM-TCM - VAM-TCM 

Negative Ranks 36d 55.00 1980.00 

-5.016af 0.000 
Positive Ranks 91e 67.56 6148.00 
Ties 16f   
Total 143   

RAM-TCM - VAM-TCM 

Negative Ranks 52g 59.24 3080.50 

-.242af 0.808 
Positive Ranks 60h 54.13 3247.50 
Ties 31i   
Total 143   

RAM-TOCM - VAM-TCM 

Negative Ranks 55j 68.58 3772.00 

-.052ae 0.958 
Positive Ranks 67k 55.69 3731.00 
Ties 21l   
Total 143   

MDM-TOCM - VAM-TCM 

Negative Ranks 37m 58.11 2150.00 

-4.606af 0.000 
Positive Ranks 90n 66.42 5978.00 
Ties 16o   
Total 143   

JHM-TCM - VAM-TCM 

Negative Ranks 27p 56.07 1514.00 

-6.297af 0.000 
Positive Ranks 102q 67.36 6871.00 
Ties 14r   
Total 143   

SDM-TCM - VAM-TCM 

Negative Ranks 47s 47.86 2249.50 

-.113af 0.910 
Positive Ranks 48t 48.14 2310.50 
Ties 48u   
Total 143   

MT-TOCM - VAM-TCM 

Negative Ranks 57v 46.98 2678.00 

-3.235ae 0.001 
Positive Ranks 30w 38.33 1150.00 
Ties 56x   
Total 143   

KSM-TCM - VAM-TCM 

Negative Ranks 27y 52.15 1408.00 

-6.313af 0.000 
Positive Ranks 99z 66.60 6593.00 
Ties 17aa   
Total 143   

IVAM-TCM - VAM-TCM 

Negative Ranks 29ab 25.34 735.00 

-1.219ae 0.223 
Positive Ranks 20ac 24.50 490.00 
Ties 94ad   
Total 143   

a. VAM-TOCM < VAM-TCM 
b. VAM-TOCM > VAM-TCM 
c. VAM-TOCM = VAM-TCM 
d. MDM-TCM < VAM-TCM 
e. MDM-TCM > VAM-TCM 
f. MDM-TCM = VAM-TCM 
g. RAM-TCM < VAM-TCM 
h. RAM-TCM > VAM-TCM 
i. RAM-TCM = VAM-TCM 
j. RAM-TOCM < VAM-TCM 
k. RAM-TOCM > VAM-TCM 

l. RAM-TOCM = VAM-TCM 
m. MDM-TOCM < VAM-TCM 
n. MDM-TOCM > VAM-TCM 
o. MDM-TOCM = VAM-TCM 
p. JHM-TCM < VAM-TCM 
q. JHM-TCM > VAM-TCM 
r. JHM-TCM = VAM-TCM 
s. SDM-TCM < VAM-TCM 
t. SDM-TCM > VAM-TCM 
u. SDM-TCM = VAM-TCM 

  v. MT-TOCM < VAM-TCM 

w. MT-TOCM > VAM-TCM 
x. MT-TOCM = VAM-TCM 
y. KSM-TCM < VAM-TCM 
z. KSM-TCM > VAM-TCM 
aa. KSM-TCM = VAM-TCM 
ab. IVAM-TCM < VAM-TCM 
ac. IVAM-TCM > VAM-TCM 
ad. IVAM-TCM = VAM-TCM 
ae. Based on positive ranks. 
af. Based on negative ranks 
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