
International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-5, January 2020 

3686 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E6606018520/2020©BEIESP 
DOI:10.35940/ijrte.E6606.018520 
Journal Website: www.ijrte.org 
 

 
Abstract: When the supply of items need urgent/earliest 

delivery to the destinations, the Time Minimization 
Transportation Problems (TMTPs) are indispensable. 
Traditionally these problems have been solved using the exact 
techniques, however, the (meta) heuristic techniques have 
provided a great breakthrough in search space exploration. 
Particle Swarm Optimization is one such meta-heuristic 
technique that has been applied on a wide variety of continuous 
optimization problems. For discrete problems, either the 
mathematical model of problem or the solution procedure has 
been changed. In this paper, the PSO has been modified to 
incorporate the discrete nature of variables and the non-linearity 
of the objective function. The proposed PSO is tested on the 
problems available in the literature and the optimal solutions are 
obtained efficiently. The exhaustive search capability of proposed 
PSO is established by obtaining alternate optimal solutions and 
the combinations of the allocated cells that are beyond ( )1m n   

in number. This proposed solution technique, therefore, provides 
an effective alternate to the analytical techniques for decision 
making in the logistic systems. 

Keywords: Transportation Problem, Time Minimization 
Transportation Problem, Particle Swarm Optimization, Optimal 
Solution.  

I. INTRODUCTION 

Transportation Problem (TP) is primarily studied to 

minimize cost when goods are being transported from their 
sources to destinations. But, in variety of real-world 
problems, the time of transportation is of greater importance 
than cost, for instance, the dispatch of armaments from 
military bases to war fronts, the delivery of perishable goods 
for daily needs and the supply of services requested during 
emergency hours and so on. Under these circumstances, 
where delay in transportation may result in much larger loss 
than any other gain, the optimization of time plays a vital role 
to squeeze the time limit of the transportation. 
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So, a time minimization transportation problem (TMTP), 
also known as a Bottleneck Transportation Problem (BTP), is 
being formulated and solved to serve such market needs. The 
main objective of TMTP is to minimize the maximum time to 

transport all the goods to the destinations, satisfying certain 
conditions in respect of availability at sources and 
requirement at the destinations. Mathematically the problem 
is formulated as given below. 
     Minimize ( ) ( : 0)ij ijT X Max t x   

      Subject to conditions 
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where m sources ( , , , )1 2S S Sm and n destinations 

( , , , )1 2D D Dn  have capacities 1 2, , , ma a a  units and 

demands 1 2, , , nb b b  units respectively. The ijt is the time 

of transporting certain units of the product from source is  to 

destination D j . Thus the problem is to determine xij , the 

amount of the product transported, that minimize the 
maximum transportation time. The transportation is assumed 
to start simultaneously from all sources at once with the 
carriers having sufficient capacity to transport in a single trip 
and the time remains independent of quantity of the 
commodity being transported. 
The TMTP has evolved through a variety of solution 
techniques. For instance, the labeling techniques by 
Hammer[1], Schwarz[2], Gafinkel and Rao[3], the use of cost 
operator theory by Srinivasan[4], a lexicographic primal code 
technique by Issermann[5] have gained a wide attention. 
Whereas Bhatia et al.[6], Ramakrishnan[7] and Sharma & 
Swarup[8] have worked on computational aspects to make 
some significant improvements. Parkash[9] has incorporated 
branch and bound method to solve the problem. Nikolic[10] 
has focused on dynamic transportation routes by optimizing 
multiple solutions in a lexicographic manner whereas 
Natarajan and Pandian[11] have considered the blocking zero 
point method.  
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Several variants of TMTP are given in literature such as the 
bi-level time minimization transportation problem by 
Khandewal and Puri[12], a capacitated two-stage time 
minimization transportation problem by Sharma et al.[13], 
two-level hierarchical time minimization transportation 
problem, incorporating hierarchy in levels by Sonia and 
Puri[14] and later an iterative method was developed by 
Sharma and Verma[15].  
Now recently a priority-based time minimization 
transportation problem is discussed by Kaushal and 
Arora[16] wherein the destinations are prioritized into 
primary and secondary groups and served by assigning 
weights. 
The methods (either exact or heuristic) have been used to 
solve the small size TMTPs and are restricted by limitation on 
computer time and becomes difficult to deal as the problem 
size grows exponentially.  Therefore, there has been an 
increasing interest in meta-heuristics or evolutionary 
techniques to solve such complex problem. The 
meta-heuristics are well known global search techniques that 
have gained significant attention due to their adaptive 
applicability to wide range of optimization problems. To 
name a few, Vignaux and Michalewicz[17] were the first to 
use genetic algorithm (GA) to solve linear & non-linear TPs. 
Later, Gen and Li[18], Gen et al.[19] and Syarif and Gen[20] 
have developed spanning-tree based GAs for TP. Also Tabu 
Search (TS) has been applied by Sun and Mckeown[21],[22] 
to solve a variant of TP. Likewise Huang[23] and Elsherbiny 
et al.[24] have used PSO to solve TP. 
So in this motivation, a modified particle swarm optimization 
algorithm (discussed in section III) is proposed to solve the 
TMTP. The proposed PSO is able to override the rigid 
conditions of conventional methods such as Modified 
Distribution Method (MODI) and Stepping Stone Method 
(SSM), to solve the TP. The conditions such as the number of 
allocations ( )1m n   and the independent positions of 
allocations, are required to be followed on each iteration. But, 
the proposed algorithm does not depend on such conditions to 
iterate towards optimal solution. Therefore, it provides a good 
alternative to existing techniques and will provide the 
necessary decision support to decision-makers to handle time 
oriented logistic problems. 

II.  PARTICLE SWARM OPTIMIZATION 

PSO is a population based stochastic algorithm perceived by 
Kennedy and Eberhart[25] whereby the collective behavior of 
birds/insects has been designed to solve different 
optimization problems. This behavior is, basically employed 
when a group of randomly initialized particles (swarm) is 
constructed with the initial position & velocity and then 
updated iteratively towards a global optimum. The path of the 
particles, in search space, is coordinated by the interaction of 
the individual best (Pbest) and the global best (Gbest) 
position respectively. Mathematically, this mechanism results 
in following equations: 

1 1 , 2 2 ,( 1) . ( ) ( ) ( )i i i best i g best iV t V t c r P X c r P X           (1) 

     _ 1  _ _ 1X i t X i t V i t                         (2) 

where the ith particle of the swarm is represented by 

1 2( , , , )i i i inX x x x and the velocity of the particle is 

denoted by 1 2( , , , )i i i inV v v v . The best visited position 

of Xi and the global best position of the swarm may be 

considered as , 1 2( , , , )i best i i inP p p p  and  

, 1 2( , , , )g best g g gnP p p p . And the parameter  , the 

inertia weight, 1 2,c c  acceleration coefficients and 1 2,r r  

random variables uniformly distributed within [0, 1], play a 
vital role to retain the accelerated rate of particles towards 
their pbest and gbest locations.  
Since its inception, the PSO algorithm has been improved, as 
discussed by Wang et al.[26], in terms of a) the theoretical 
analysis: to analyse its working mechanism, b) the parameter 
selection & tuning: to improve its performance, c) the 
neighbourhood topology: to configure particles' 
mutual-interaction, and d) the convergence & stability 
analysis: to overcome the premature-convergence & 
oscillating behaviour. These improvements have enabled 
PSO to be applicable for a wide variety of problems. 
The Pseudo-code of basic PSO is devised as follows : 
 

 
In particular, PSO has been used to solve the discrete 
problems by incorporating encoding/decoding techniques that 
discretize the solution space wherein the candidate solution is 
confined to the discrete/integer values only. Jordehi and 
Jasni[27] have reviewed these encoding/decoding techniques 
which keep the solution particles in the feasible solution 
space. Recently, Singh & Singh [28] has hybridized PSO to 
solve TP and resolved this issue by incorporating additional 
modules into the basic PSO. Thus, in this paper, a similar 
approach has been adopted to solve the time-minimization 
transportation problem. 

III. PROPOSED PSO FOR TMTP 

The proposed PSO incorporates three modules into the 
Algorithm 1, which are explained as follow: 
First Module (Algorithm 2) is of Initialization wherein the 
particles are initialized randomly, satisfying the demand and 
supply constraints, to get the Initial Basic Feasible Solution 
(IBFS) of the time-minimization transportation problem. 
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Second Module (Algorithm 3) is to amend the negative 
allocations in the candidate solutions. This situation arises 
due to the deviation of the current candidate position from its 
personal best position and the global best position as 
mentioned in the velocity equation of PSO.  
The negative allocations are repaired in this module and then 
move to the next module to repair the fractional allocations in 
the candidate solutions. 
Third Module (Algorithm 4) is to amend the fractional 
allocations arising because of various parameters in the 
velocity equation of PSO. These are repaired as in the 
algorithm given below so that the candidate solutions are 
brought back into the feasible solution space. Then the 
proposed-PSO is examined on different test problems (taken 
from various research papers) and the convergence towards 
the respective optimal solution is also recorded. 
 

 
 

 
 

 

III.I Merits of Proposed PSO 

Some vantage points of proposed PSO in comparison to the 
analytic techniques are described as follows: 
 

III.I.I Pre-conditions of Analytic optimal technique 

The known analytic optimal techniques have two 
pre-conditions viz. a) the number of allocations should be 
equal to ( )1m n  , b) these allocations should be in 
independent positions. Moreover, during each iteration, the 
non-degenerate solution has reduced to degenerate one. But 
as the dimension of problem increases, it becomes very 
difficult to identify the cells for virtual allocation(s) and, those 
too, in independent positions. The proposed PSO does not 
depend on the number of allocations to move towards optimal 
solution. This is particularly advantageous in case of the 
higher dimension of the problem as the iterations are 
performed irrespective of the number of allocations and their 
locations. 

III.I.II Alternate optimal solution 

The analytical techniques have identified the existing of 
alternate optimal solution of the transportation problem if the 

cell evaluation )( zij cij  of some unallocated cell is equal to 

zero. The alternate optimal solution is obtained by carrying 
out an iteration with respect to unallocated cell. However, the 
proposed PSO implicitly deals with the alternate optimal 
solutions, if they exist. As it has an exhaustive search 
capability to explore all the combinations of solution and 
identify the alternative solution corresponding to the same 
value of the objective function, without underlying any 
particular conditions of cell-evaluation. 
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Figure 1: Time Matrix and Initial Solution Particles with 

its Optimal Solution. 

 III.I.III Number of allocations 

It is generally observed that the number of allocated cells in 
the optimal solution is less than or equal to ( )1m n  , 
however, the proposed PSO explores all the combinations of 
variables and produces even those optimal solutions where 
the number of allocated cells is even more than ( )1m n  as 
brought out in the numerical example given in Figure 1. This 
establish the existing of alternate optimal solution and the 
different number of allocated cells. 

IV. NUMERICAL ILLUSTRATION  

To elaborate the procedure of proposed PSO, one test 
problem is illustrated with the parameters as mentioned in 
Table 1: 

   
                 
1.   A test problem P1, as given in Table 2, is considered 

wherein each entry in the cell depicts transportation time 
between sources and destinations along with the 
availability at each source and the demand at each 
destination. As it is balanced transportation problem, so 
there is no need to add a dummy 
 

2.   A swarm, collection of particles, is initialized using the 
Algorithm 2 and the Initial Basic feasible solution 
(IBFS) are determined. One of such particle is given in 

Table 2 andrepresented by basic , , , , ,14 21 32 33 43 44x x x x x x   

with maximum time 25 units. This solution is marked as 
the Personal best of the respective solution, i.e. the 
particle. Although it is a degenerate solution, i.e. the 
number of basic variables is less than ( )1m n  , but the 
proposed algorithm may still be applied. Then, more 
such particles are raised using the Algorithm 2 and their 
personal bests are recorded. The Global best of the 
swarm, among all the raised particles, is the best value of 
the objective function, i.e. the minimum value of the 
time taken to complete the transportation by all the 
particles.  

 
Table 2: Test Problem P1 and Initial Solution 

 
 

3.     These particles are then updated using velocity equation 
(1) with the parameters as given in Table 1. The velocity 
of the particle (Table 2) is mentioned in Table 3. The 
position of the particle is then updated using the equation 
(2) and the updated position matrix is given in Table 3. 
This position updation satisfies the constraints of the 
transportation problem but renders some of the 
transportation allocations infeasible as some of the 
allocations attain fractional and/or negative values. 
These allocations need to be brought back into the 
feasible solution space. The negative correction is 
carried out using the Algorithm 3 followed by the 
fractional corrections using Algorithm 4, to obtain a 
feasible solution given in Table 3. This solution is an 
improved solution since the value of the objective 
function corresponding to these transportation 
allocations is 15 units.  

4.     Similarly, the Algorithm 3 and 4 are applied on the other 
particles as well to update their Personal best. The 
Global best of the swarm is also updated to the current 
best particle that corresponds to the minimum of the 
values of the objective function. 
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5.     Continuing in this manner, the particles are updated with 

velocity & position equations and then the negatives & 
fractions, if required, are repaired.  

Thus, the obtained optimal solution is mentioned in Table 4. 
This completes Phase I of the solution procedure. 
6.     In Phase II, all the cells in the current problem wherein 
the transportation time is greater than or equal to 15 units are 
dropped from further consideration and a random initial 
solution is generated using Algorithm 2. One such random 
initial basic feasible solution of the updated problem is given 
in Table 5. This solution, non-degenerate one, is an improved 
solution from the previous one as the value of the objective 
function corresponding to this transportation allocation is 14 
units. This particle is given a random velocity as given in 
Table 6. 

 
Table 5: Updated Time Matrix & Initial Solution 

 
 

7.     The updated position of the particle is given in Table 6.   
This updated position is subjected repeatedly to 

Algorithms 3 and 4 in order to obtain a feasible solution 
as given in Table 6.  

8.    Continuing in the same manner, the positions of all the 
particles are updated and the Global best is also updated 
to the position of the particle that corresponds to the 
minimum transportation time. The basic variables 
corresponding to this solution are 

, , , , , , , ,13 22 23 24 31 32 34 42 44x x x x x x x x x  as given in Table 7 

and the respective value of the objective function is 13 
units. This completes Phase II. 
 

           Table 8. Optimal Solution 

 
9.  Further improvement in the solution provided in Table 8 is 
not possible, as if all the cells corresponding to the 
transportation time greater than equal 13 units are dropped 
from consideration, then the destination D3 will not be 
available for transportation and hence the problem shall not 
be amenable to solution. Thus the solution provided in Table 
8 is the optimal solution of the problem. 

 

                      

V RESULTS 

In this paper, the modified PSO is evaluated on nine balanced 
TMTPs and one unbalanced TMTPs, taken from exiting 
literature, as given in Table 9.  
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For each test problem, the procedure is repeated with 10 runs 
iterated 100 times with the population size of 5 in MATLAB. 
The sequence of the proposed algorithm is divided into one, 
two or more phases, as per the need of respective problem, 
when converging towards its optimal solution.  The obtained 
results are given in Table 10. It is observed that the optimal 
solution for problem P4 & P10 are obtained in four phases, P1 
& P3 in two phases and others in one phase as given in Table 
10. The obtained optimal solutions are also compared with 
each solution of existing methods in Table 11, wherein it can 
be observed that problem P6 has better optimal solution than 
the existing one. 

 
 
 
 
 
 
 
 
 
 
 

Table 9: Data of Test Problems 

                                
 

Table 10: Optimal Solution for P1 to P10 

 

Table 11: Comparison of Proposed PSO with existing 
optimal solutions 

 

The quality of solution (Gbest) has been measured and 
compared in terms of the Relative Percentage Deviation 
(RPD), calculated as follows: 

        * 100
solution optimal solution

RPD
optimal solution
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For each test problem, the value of average RPD is 
calculated for the proposed PSO (phases-wise) and plotted 
as given in Figure 2. It is pertinent to note from these 
average RPD bars P5, P7 & P9 are minimum as compared 
to the problems. The optimal transportation time indicates 
the promising attainment & potential level of proposed 
algorithm. 

V. CONCLUSION 

To ensure the efficient movement and in-time availability 
of goods and services, the transportation time plays a 
crucial role to make better economic decisions. In this 
paper, a modified particle swarm optimization algorithm 
has been presented to solve time minimization 
transportation problem. The balance of 
exploration-exploitation capability of PSO is utilized to 

attain quality of solution. The proposed algorithm has been 
evaluated on 10 test problems and the results have been 
compared with exiting exact/heuristic methods. These 
simulation results have revealed that the proposed 
algorithm is quite effective in terms of its minimum 
possible iterations, quality of solution and the 
identification/attainment of the optimal solution even if the 
initial or the intermediate solutions are degenerate. Hence 
the procedure of this paper can be extended to other types 
of transportation problems like the bulk or fixed charge 
transportation problems with single or multi-objective 
goals. 
 
 

 

 

 

        

Figure 2: Plot of Average Relative Percentage Deviation (RPD) for problem P1 to P10 
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