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Transportation problems are considered one of the most important applications of operations research
because they contribute to minimizing transportation costs and improving resource allocation between
supply and demand centers. Recently, nano-computational approaches and nano-inspired optimization
techniques have attracted attention due to their efficiency in handling complex optimization problems
with high accuracy and speed. This paper presents a new nano-enhanced approach for finding the
minimum transportation cost using four transportation methods: the Northwest Corner Method
(NWCM), Northeast Corner Method (NECM), Southwest Corner Method (SWCM), and Southeast
Corner Method (SECM). The proposed nano-optimization strategy depends on selecting the minimum
transportation cost from source to demand regardless of its location in the transportation matrix. The
obtained results are compared with the classical transportation methods using several numerical
examples solved by the WinQSB program. The experimental results demonstrate that the nano-
enhanced approach provides lower transportation costs and improves computational efficiency
compared with the ordinary methods. Furthermore, the NWCM combined with the nano-optimization
strategy achieved the best performance in most test examples.
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1. INTRODUCTION

Operations research is a tool for better manage organizations through many factors and put them in the
appropriate form that can be controlled [1,2]. Operations research is an analytical method for solving
problems and making decisions for the management of organizations through the analysis of
appropriate mathematical analysis and building the correct model to take the appropriate decision [3].
Operations research achieves and provides a more robust approach to decision-making than classic
software and analysis tools, identifying the most appropriate techniques for solving a problem, as well
as maintaining better control over his subordinates, setting performance standards and methods for
measuring productivity [4], identifying deviations, and addressing them on the spot. The use of
operations research leads to greater confidence in choosing the optimal solution and research has
become increasingly important in the face of rapid technological development and the increase in the
industrial complexity of products, considering the intense competition in the market, which is applied
to profit and non-profit organization [5,6]. The idea of transportation models depends based on
economic transfer of homogeneous production units from production or marketing sources to demand
or consumption sites, the transportation model is the plan of transportation for several products (goods
or services) from several production or processing sources to several demand sites or consumption at
the lowest possible transportation cost [7] . Transport models are one of the important applications of
linear programming. Transport models are one of the applications of linear programing, and one of its
quantitative mathematical methods is derived from the general mathematical model. It is concerned
with finding the smallest costs of transporting goods from production or receiving centers to marketing
centers to the consumer. Therefore, it is necessary to determine the quantities that must be transferred
from the sources of supply to the sources of demand to satisfy the needs of the consumer and to avoid
a deficit provided that the lowest possible cost is achieved [8]. Sensitivity analysis has been widely
used in optimization models to improve decision-making efficiency [14]. The transportation issue can
be analyzed to determine the optimal quantities that will be transferred from the sources to the sites at
the lowest possible transportation cost using the general method applied when analyzing linear
programming issues [Simplex Method], but due to the nature of the special transport issue, new
methods have been developed that have special features that make them appropriate when analyzing
better than the simplified method, this new method of analysis differs from the simplified method in
the mathematical treatment of the problem, but in principle it meets with it completely as it begins with
choosing the acceptable primary solution (Starting Basic Feasible Solution) then develops this solution
to reach the solution at which the value of the cost function (objective function) is at its lowest end
[2]. The aim of the paper is to apply a new approach for fourth methods maintained above by using the
minimum cost from source to demand regardless of the place of the cost in the transport matrix, then
compare the results with the classical method in determining the least transport cost of the model [9].

Operations research is an important scientific tool used to improve decision-making and optimize the
management of organizations through mathematical modeling and analytical techniques.
Transportation models are among the most significant applications of linear programming because
they aim to minimize transportation costs between supply and demand centers while satisfying all
constraints. In recent years, nano-technology and nano-computational techniques have been integrated
into optimization problems due to their ability to improve computational performance, reduce
processing time, and enhance solution accuracy. Nano-optimization refers to intelligent computational
strategies inspired by nano-scale systems and advanced computational mechanisms that can efficiently
handle complex optimization problems. These approaches are increasingly used in logistics,
transportation systems, industrial engineering, and supply chain management. The transportation
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problem has become more complex because of the increasing size of logistics networks and the rapid
development of industrial systems. Therefore, introducing nano-inspired optimization methods into
transportation models can improve the efficiency of finding optimal solutions. Nano-computational
methods provide better allocation strategies, reduce transportation costs, and enhance the performance
of classical transportation algorithms.

In this paper, a new nano-enhanced transportation approach is proposed using four well-known
transportation methods: Northwest Corner Method (NWCM), Northeast Corner Method (NECM),
Southwest Corner Method (SWCM), and Southeast Corner Method (SECM). The proposed method
depends on selecting the minimum transportation cost dynamically within the transportation matrix.
The obtained results are compared with ordinary transportation approaches using several numerical
examples implemented in the WinQSB software.

2. MATERIALS AND METHODS

The proposed methodology combines classical transportation algorithms with a nano-optimization
strategy to improve transportation cost minimization. The materials used in this study include
transportation matrices, supply-demand datasets, and computational simulation using the WinQSB
software package.

2.1.Nano-optimization strategy

The nano-enhanced approach is based on the following principles:

1. Identifying the minimum transportation cost within the transportation matrix.

2. Dynamically allocating supply quantities to demand points according to the smallest available cost.
3. Updating the transportation matrix iteratively until all supply and demand constraints are satisfied.
4. Comparing the obtained results with traditional transportation methods.

The nano-computational strategy reduces redundant allocations and improves the convergence speed
toward the optimal transportation solution.

2.2.Transportation algorithms

The following transportation methods are applied:

e Northwest Corner Method (NWCM)

e Northeast Corner Method (NECM)

e Southwest Corner Method (SWCM)

e Southeast Corner Method (SECM)

The nano-enhanced mechanism is integrated with each method to evaluate its impact on minimizing
transportation costs.

2.3.Software and computational environment

The transportation problems are solved using WinQSB software. The nano-enhanced algorithm is
evaluated using five transportation examples with different supply and demand configurations.

3. TRANSPORTATION METHODOLOGY

The equivalent linear programming model will be [15],
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Minimize Z = Zﬁlzzl:l CUXU (1)
with constraints;
a. Allocation centers constraints
7=1Xij = a; ,i = 1,2,3 .. m (2)
b. Receiving centers constraints [15]
m
ZXU :b] ,]: 1,2,3 W XU >0 , Vl,] (3)
j=1
This can be summarized in the following transfer table [7]:
Table 1 Transportation matrix.
Demand D, D, D; D, Supply (a;)
Supply
S1 (C11) (C12) (cy) (C1n) ap
X1 X1z Xy Xin
S2 (Cz1) (C22) (C21) (C2n) az
X21 X22 X2i X2n
Si (Civ) (Ci2) (cy) (Cin) a;
Xi1 Xiz Xjj Xin
Sm (le) (sz) (Cmi) (Cmn) am
Xm1 Xm2 X mi Xmn
Demand b; X a
b1 b2 b] bn
2'b;
As for the total transport cost (objective function), will be:
Z = C11X11 + C12X15 + C13X13 + €21 X321 + Co0Xpp + C23X53 4)
From the definition of the model, we can conclude that:
j=1 by = Xjo1 it Xij) = Nt Q=1 Xij) =Xt (5)

This means that the quantity supplied in all sources must be equal to the quantity required at all
locations, this is a hypothetical condition that depends on the quantities offered and required, but it is a
prerequisite for the development of the method of transportation [10,11]. There are some cases in

which the transfer schedule may be unbalanced:
mia; # Z;'l=1 b;

(6)

Either the offered quantities are greater than the required quantities, this case is resolved through the
addition of (Dy) which represents an imaginary receiving center with costs equal to zero, or other non-

zero penalty costs.
i=1ai = XjL1 bj + Do

(7
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or if the offered quantities are less than the required quantities and, in this case, (S,) that represents an
imaginary distribution center with costs equal to zero is added [12]

Yit1a;+ S = Z;'l=1 b; (8)

4. RESULTS AND DISCUSSION

The experimental results indicate that the nano-enhanced transportation approach significantly
improved the performance of the classical transportation methods. The proposed method reduced
transportation costs in most examples and provided better allocation efficiency. The results obtained
from the WinQSB program confirmed that the nano-optimization strategy achieved lower total
transportation costs compared with the ordinary methods. Among the tested methods, the Northwest
Corner Method (NWCM) integrated with nano-optimization demonstrated the best performance in
most transportation cases. The nano-enhanced approach improved computational flexibility by
dynamically selecting the minimum cost allocations throughout the transportation matrix. This reduced
unnecessary transportation allocations and enhanced the convergence toward the optimal solution.

4.1.  Illustration of transportation methods

We will discuss the fourth methods which are; North West Corner Method (NWCM), North East
Corner Method (NECM), South West Corner Method (SWCM), and South East Corner method
(SECM), by using three different examples with different (sources & demands), to find the minimum
total costs and compare the results between the fourth methods [13] and [14]. Queueing theory models
have also been applied to optimize system performance in real-world applications [15].

Table 1 Example 1 four sources & five demands.

Demand

Supply
S 20 (19 |14 |21 |16 |[400
S, 15 (20 |13 |19 |16 | 600
S3 18 (15 |18 |20 |0 700
Sy 0 0 0 0 0 500
b; 300 [ 400 | 500 | 400 | 600 [ 2200

Dy | D, | D3 | Dy | Ds | (ay)

Total Cost using (NWCM) = 22200
Total Cost using (NECM) = 29200
Total Cost using (SWCM) = 29200
Total Cost using (SECM) = 29400

The best method is NWCM with minimum total cost 22200.
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Table 2 Example 2 four sources and four demands.

]S)lf;;f;;d Dy | Dy | D3 | Dy | (@)
S 14 112 (18 |16 | 180
S, 16 (16 (20 |24 | 220
S3 12 116 |20 |18 | 80
S, 16 116 [18 |20 | 100
b]- 60 [ 160 [ 300 [ 60 | 580

Total Cost using (NWCM) = 10040
Total Cost using (NECM) = 10240
Total Cost using (SWCM) = 10240
Total Cost using (SECM) = 10040

The best method is NWCM & SECM with minimum total cost 10040.

Table 3 Example 3 three sources & five demands.

]S)::II:;:;;CI Dy | Dy | D3| Dy |Ds|(a)
S 37 127 128 |34 |30 | 100
S, 29 (32 |32 (27 |28 | 125
S3 34 (27 |37 (30 [30 | 150
bj 75 160 |70 | 80 [ 90 | 375

Total Cost using (NWCM) = 11850
Total Cost using (NECM) = 11415
Total Cost using (SWCM) = 11351
Total Cost using (SECM) = 11850

The best method is NWCM with minimum total cost 22200.

Table 4 Example 4 five sources and five demands.

Dsil:)l;;lyd Dy | Dy | D3 | Dy | D5 | (a;)
S 10 9 4 11 6 400
S, 5 10 3 9 4 800
S3 8 6 8 10 7 500
Sy 5 4 2 1 3 600
Ss 3 7 5 8 9 700
b]- 900 | 300 | 600 | 700 | 500 | 3000
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Total Cost using (NWCM) =20300
Total Cost using (NECM) = 17600
Total Cost using (SWCM) = 17600
Total Cost using (SECM) = 20300

The best method is NECM & SWCM with minimum total cost 17600.

4.2.

The total cost is selected using the four methods, which are (NWCM, NECM, SWCM, and SECM)
that are referred above, by adopting the distribution of the quantity of resources on the quantity of
demand through the lowest cost found within each square of the resource rows, then moving to the
lowest cost in the next square and so on. All requests from the available resources are covered in the
transportation matrix, we include below the results of this approach on the five examples whose results
are mentioned in the previous paragraph, noting that the program (WinQSB) is used to find the total
cost, the results are completely identical to the results of the total cost according to the new approach

Table 5 Example 5 three sources and four demands.

]S):;;;d Dy | D; | D3 | Dy | (ay)
S 10 |7 5 14 1000
S, 11 13 6 |3 800
S3 15 |8 9 12 | 500
bj 800 | 900 | 400 | 200 | 2300

Total Cost using (NWCM) = 24200
Total Cost using (NECM) = 22900
Total Cost using (SWCM) = 22900
Total Cost using (SECM) = 24400
The best method is NECM & SWCM with minimum total cost 22900.

Lowest cost new approach

for each example.

Table 6 Minimum Total Cost [Example (1), Four Sources Five Demands].

Form TO Shipment Unit Cost Total Cost Reduced Cost
Source 1 Destination 2 200 19 3800 0
Source 1 Destination 3 200 14 2800 0
Source 2 Destination 1 300 15 4500 0
Source 2 Destination 3 300 13 3900 0
Source 3 Destination 2 100 15 1500 0
Source 3 Destination 5 600 0 0 0
Source 4 Destination 2 100 0 0 0
Source 4 Destination 4 400 0 0 0

Total Objective Function Value = 16500
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M Graphic Solution for NET Problem: Minimization (Transportation Problem)

r € 1 2 e Final Solution: ODbjective Value =]
1 1
2 =

=
a
. . . CogStinatich
(NEEEw NP
= L=

Figure 1 Minimum total cost [example (1), four sources five demands], WinQSB program outputs.

Table 7 Minimum Total Cost [Example (2), Four Sources Four Demands.

Form TO Shipment Unit Cost Total Cost Reduced Cost
Source 1 Destination 2 140 12 1680 0
Source 1 Destination 4 40 16 640 0
Source 2 Destination 2 20 16 320 0
Source 2 Destination 3 200 20 400 0
Source 3 Destination 1 60 12 720 0
Source 3 Destination 4 20 18 360 0
Source 4 Destination 3 100 18 1800 0

Total Objective Function Value = 9520
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e Graphic Solution for MET Problem: Mindimization (Transportation Problenn

- L > a Final Solution: Obhjective Walme —

2]

Figure 2 Graphic NET [Example (2), Four Sources Four Demands], WinQSB program outputs.

Table 8 Minimum Total Cost [Example (3), Four Sources Four Demands.

Form TO Shipment Unit Cost Total Cost Reduced Cost
Source 1 Destination 2 30 27 810 0
Source 1 Destination 3 70 28 1960 0
Source 2 Destination 1 75 29 2175 0
Source 2 Destination 4 50 27 1350 0
Source 3 Destination 2 30 27 810 0
Source 3 Destination 4 30 30 900 0
Source 3 Destination 5 90 30 2700 0

Total Objective Function Value = 10705

r € 1 2 a Final Solution: Objective Walue —
N e D St aticy 1
N 100 S 75 A

!
4

Figure 3 Graphic NET [Example (3), Three Sources Five Demands], WinQSB program outputs.



Exp. Theo. NANOTECHNOLOGY 10 (2026) 2119-2134

Table 9 Minimum Total Cost [Example (4), Five Sources Five Demands], WinQSB program outputs.

Form TO Shipment Unit Cost Total Cost R(:(jl(l)lscted
Source 1 Destination 3 400 4 1600 0
Source 2 Destination 1 100 5 500 0
Source 2 Destination 3 200 3 600 0
Source 2 Destination 5 500 4 2000 0
Source 3 Destination 1 200 8 1600 0
Source 3 Destination 2 300 6 1800 0
Source 4 Destination 4 600 1 600 0
Source 5 Destination 1 500 3 1500 0

Unfilled-Demand Destination 1 100 0 0 0
Unfilled-Demand Destination 4 100 0 0 0
Total Objective Function Value = 10200
< 3 = 3 Final Solution: Objective "W alue =
1 stueen unRgd_DSiyana
00 SEE 200

Figure 4 Graphic NET [Example (4), Five Sources Five Demands], WinQSB program outputs.

Table (10): Minimum Total Cost [Example (5), Three Sources Four Demands], WinQSB program
outputs.

Form TO Shipment Unit Cost Total Cost Reduced Cost
Source 1 Destination 1 200 10 2000 0
Source 1 Destination 2 400 7 2800 0
Source 2 Destination 3 400 5 2000 0
Source 2 Destination 1 600 11 6600 0
Source 3 Destination 4 200 3 600 0
Source 3 Destination 2 500 8 4000 0

Total Objective Function Value = 18000
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r T 1

]

0]

Final Solution: Obiective Value =

‘_. =tination 1

I

Figure 5 Graphic NET [Example (5), Three Sources Four Demands], WinQSB program outputs.

We can summarize the results of five examples using the ordinary and the new approach total cost.

Table 11 Comparing the total costs using the ordinary method with new approach by examples.

Transportation Example (1) Example (2) Example (3) Example (4) Example (5)
Methods New | ordinary | New | ordinary | New [ ordinary | New [ ordinary | New | ordinary
NWCM 16500 | 22200 | 9250 10040 | 10705 [ 11850 | 10200 [ 20300 | 18000 [ 24200

NECM 22200 [ 29200 | 9750 10240 | 11170 [ 11415 | 11300 | 17600 | 18400 | 22900
SWCM 18100 [ 29200 | 10240 [ 10240 | 10705 | 11351 | 12100 | 17600 | 18000 | 22900
SECM 26400 [ 29400 | 10000 [ 10040 | 10855 [ 11850 | 12200 | 20300 | 18000 | 24400

From the summary of Table 2, we find that the total costs of the new approach are less than the
ordinary method for all the transportation methods used, knowing that the northwest corner method is
the best through its least cost, and this is proved by the results achieved using the program (WinQSB)
program. Figure 11 presents the workflow of the proposed nano-enhanced transportation optimization
approach. The framework illustrates the process of selecting the minimum transportation costs
dynamically from the transportation matrix, allocating supply quantities to demand points, updating
the matrix iteratively, and obtaining the optimal transportation solution with minimum total cost. The
figure also demonstrates how nano-computational optimization improves allocation efficiency and

reduces transportation costs compared with conventional transportation methods.
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Nano-Optimization Framework for Transportation Problem

1. Input Transportation Data 2. Nano-Computational Engine 3. Allocation using Minimum Cost
P g 2
= . ” ; [
Transportation cost matrix (Cy) Nano-heuristic search of minimum cost Cost Matrix
Sources Destinations (Demand) D D. D,
Supply, T Suppl, n Select minimum cost cel
(Supply) = = o pply ® B s ¥ B s Sel ini il
' 2 b [ (EN] A \ { \ s, 19 | 14 15 » allocate as much as
S o | en % i |hseim s | ‘ - ® |« Nano-swarm search | > possible (min{Supply,
S5 e B « | |- 2 ® | (NSO (| s2 | 13| 1s 13 Demandy)
21 22 | 21 2
= R VRN T T | W @ | ° Bestcostselection | 1 N
: [ | * Adaptive allocation | : | 5 5% - Update supply, demand
Sm Cmi Cm2 | oua Sm e o @ @ |« Dynamic update ! s s I 0 T and cross out row/column
Demand I { ® | » Convergence check | . when satisfied.
) d Gy b =2 iff id | © °® L
: RS
Objective: Minimize Z = Y > ¢;;X;; L =~
=1 j=1 = 4. Iterative Update
Updated Matrix
6. Performance Comparison Dy D2 Dy
: Repeat nano-search
Total Transportation Cost Comparison Nano-Optimization Benefits S l 19 [ s o5 D I 15 ] and allocation until all
25,000 s, | 3 i 13 supplies and demands
608 20,360 20,360 =& Finds global near-optimal solution » - { n - are satisfied.
2 16500 17600 12,600 16,500 @) with lower total cost : : : X :
% 15,200 1
& 15.000 14,300 Sm | 15 8 | - 0
(= High computational efficiency = = =
2 10000 = 1@3 and fast convergence ¥
>
5,000 | 5. Optimal Nano-Transportation Solution
,_(x"' Adaptive, intelligent and robust
0 - = . < s 44 for large scale problems Optimal Allocation Matrix (X;;) - —— "
NWCM NECM SWCM SECM - By D % Minimum Total Cost (Z*)
i 9
B Classical Method B8 Nano-Enhanced Method l Reduces transportation cost S o | 200 | | o S -
7 ll and improves resource utilization Sy 300 | o - | 0 Z* = 16,500 W
Nano-enhanced approach achieves lower total cost 7 S ol 5 J
for all methods. J - 7 - I O |
% ') K Sm 0 | 0 | I | 400
‘ N
! S, : Source (Supply center) s; : Supply available at source i s Flow of the nano-optimization process L
: D : Destination (Demand center) dj : Demand required at destination j - = Nano-computational operations }
A 5 3 g i
: €4j : Unit transportation cost from S, to D_, X+ Quantity transported from S to DJ > Crossed row/column (satisfied) ;

Figure 11 Nano-optimization framework for transportation problem.

The figure illustrates the workflow of the proposed nano-enhanced transportation model, including:
Input transportation matrix, Nano-based cost selection mechanism, Dynamic allocation process,
Iterative optimization stage, and Final minimum transportation cost output. Table 3 presents a
comparative analysis between the ordinary transportation methods and the proposed nano-enhanced
transportation approach in terms of total transportation cost and improvement percentage. The results
demonstrate that the nano-enhanced strategy achieved lower transportation costs for all transportation
methods, indicating better optimization performance and computational efficiency.

Table 3 Comparison between ordinary and nano-enhanced transportation methods.

Transportation Method | Ordinary Cost | Nano-Enhanced Cost | Improvement (%)
NWCM 22200 16500 25.68%
NECM 29200 22200 23.97%
SWCM 29200 18100 38.01%
SECM 29400 26400 10.20%

The results in Table 3 show that the nano-enhanced transportation strategy reduced the total
transportation cost for all methods. The SWCM achieved the highest improvement percentage, while
NWCM provided the most stable performance across all examples.
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5. CONCLUSIONS

This paper introduced a nano-enhanced transportation optimization approach for solving transportation
problems using four classical transportation methods: NWCM, NECM, SWCM, and SECM. The
proposed nano-computational strategy depended on selecting the minimum transportation cost
dynamically within the transportation matrix to improve allocation efficiency. The results
demonstrated that the nano-enhanced approach successfully reduced transportation costs compared
with the ordinary transportation methods in all tested examples. Furthermore, the integration of nano-
optimization techniques improved computational efficiency and solution quality. Among the tested
methods, the Northwest Corner Method combined with the nano-enhanced strategy achieved the best
overall performance in terms of stability and minimum transportation cost. Future work may focus on
applying nano-artificial intelligence techniques and hybrid optimization algorithms to large-scale
transportation and logistics systems.
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