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Abstract---Transportation problem is critical component of
optimization field, as it aims to reduce the total cost of distribution
from a set of sources to a set of destinations. Numerous
transportation alternatives have been examined in the literature.
Certain strategies, such as the northwest corner method (NWC), the
low cost method (LCM), and the Vogel approximation method (VAM)
were designed to identify the simplest possible solution, while others
were designed to identify the optimal solution. The Golden Ratio is
employed in this study to approximate the ideal solution. This
technique employs the golden ratio to alleviate transportation
concerns (1.61803). To begin with, the said ratio is raised to the
second lowest cost and we determine the optimal cost of converting
amounts from supply to supply peaks, where desired results have
been obtained which are solutions that are close to the optimal
solution.

Keywords---transportation problem, new algorithm, initial solution,
optimal solution.

Introduction

In operations research, the transportation issue is a subset of linear programming
problems. In general, the transportation issue is concerned with the distribution
of high- quality sources (sources) to numerous destinations (warehouses) [1]. The
model's purpose is to find the delivery plan that minimizes overall shipping costs
while meeting supply and demand constraints. The model assumes that the cost
of shipping is proportional to the number of units sent along a certain route [2].
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In general, the transportation model may be applied to other areas of business,
such as inventory management, scheduling of work, and staff assignment.
Hitchcock created the fundamental transportation issue in 1941 with a
constructive solution [1]. Later in 1949, Koopman differentiated the
transportation problem in detail [2]. In 1951, Dantzig defined the transportation
issues linear programming problem and technique for resolving healthcare
concerns [3, 4]. Currently, transportation issues are frequently used in a variety
of organizations and businesses, see [5- 18]|. Typically, the three classical
methods (NWC), (LCM), and (VAM) are utilized to tackle transportation difficulties.
Vogel's approximation method (VAM) is more efficient technique for determining
the simplest viable answer. The authors suggested many papers in optimization
field [19- 40].

Golden Ratio

Two numbers are said to be in the golden ratio if their ratios add up to one.
Algebraically stated, for values a and b with a > b > 0 then:

atb _ a _
5 =9

where ¢ represents the golden ratio, where, it is an irrational number that is the
solution of the following quadratic equation:

x*—x—1=0, with a value of x =¢ == 1618033988 ...

Transportation Problems

The classical transportation issue considers a collection of locations referred to as
plants (Si, Sg, S3, ... , Sm) that have a commodity ready for shipping and another
set of locations referred to as destinations (D1, D2, D3, ... , Dn) that demand this
commodity. The data set includes the availability of the commodity at each plant
(s1, s2, s3, --- , Sm), the demand for the commodity at each destination (di, d», ds, ...
, dn), and Cj is the cost of delivering the commodity per unit from each plant to
each destination. The objective is to identify the amount of material x; to be
carried from each facility to each destination in order to satisfy requirements
while incurring the fewest possible shipping costs. The transportation issue is
shown in a tableau (Table 1) and a network diagram (Figure 1).

Table 1: Transportation Tableau

W D; Do Ds Dn1 Dn Supply

Plants quantity
S1 X11 X12 X13 X1,m-1 X1n S1
S2 X21 X22 X23 X2 m-1 X2n S2
S3 X31 X32 X33 X3,m-1 X3,n S3
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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
Demand
. d 1 d 2 d 3 d n-1 d n
quantity

Figure 1: Network representation of general transportation problem

Note that the cost of the dummy destination is zero. To find the basic solution
acceptable to the transport model, there are several different methods in terms of
time and effort required to reach the initial solution. Three most commonly used
methods to obtain an acceptable basic solution are:

1. Northwest-corner method: This is the easiest method to solve the
transportation problems, since you do not take into account costs using any
scientific logic in the distribution process (distribution of available
quantities).

2. Least-cost method: This method is better than the previous one, considering
the cost of transportation from the source to the center.

3. Vogel's approximation method: This method is the best one among the three
classical methods to solve the transportation problems.

4. Transportation Model Problem
The general type of transportation problems is illustrated as follows:

Minimized (Z) 2 Xj-1 Gy Xy (1)
Subject to Yio Xij= ajj (2)
2j-1 Xy= by )

Xij >0 (4)

S. The New Proposed Algorithm
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The new proposed technique is simple to implement and to find the basic
solution to the balance and unbalance transportation problems, moreover,
it can give an effective solution (optimal or near optimal).

The new algorithm (Golden ratio technique) can be explained as follows:

Step 1: The transportation table must be balanced.

Step 2: Use the mathematical formula {(1.61803)" (the second lowest costh and calculate
it for each of the rows and columns.

Step 3: Determine the highest value that result from step (2) in all rows and
columns and choose the cell with the lowest cost to give the right amount
available of supply to meet the needs (demand).

Step 4: If the result values are equal in more than one row or column, choose the
cell with the lowest cost to allocate the request.

Step 5: The row that ran out of width or the column that was filled in the
application does not enter into the following calculation.

Step 6: Repeat steps (2- 4) and calculate the total cost.

Below some numerical examples to make the new technique clear and well
understood.

Example 1:

S1 S2 S3 S4 supply
D1 7 3 8 1(2)0 100 4.23 | 4.23 4.23 4.23
D2 ool ool Tt P | 200 | 17.04| 1704 | 32108 | —
D3 10 gO 1;0 660 300 17.94 | 1794 | 17.94 | 17.94
demand 80 170 190 160 600

29.03 | 6.85 | 46.9 | 17.94

29.03 | 6.85 --- 17.94
-—- 6.85 --- 17.94
- 6.85 --- 17.94

Cost =(2*100) + (5*80) + (6*120) + (4*50) + (7%190) + (6*60) = 3210, where the cost
of (VAM) = 3210

Example 2

S1 S2 | S3 | sS4 | supply

D1 100 100 | 423 | ---
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7 3 8 0
D2 > 80 | 423 |423|423| 423 | 423
0
6 4 5
D3 90 |6.85]|6.85|685]| 6.85 | 6.85
10 | 30
50
7 5 2 0
D4 120 | 2.61|2.61|2.61|11.09 | -
60
60
demand | 110 | 110 | 60 | 110| 390
179 | 6.85 | 11.00 | 1
29.03 | 6.85 | 11.09 | 1
— |e685]11.00] 1
— less| — | 1
— less| — | 1

Cost = (3*100) + (3*80) + (6*10) + (4*30) + (0*60) + (2*50) + (0*60) = 840
The cost of (VAM) = 880

Note that the performance of the proposed method was equal to or (better than)
Vogel approximation method in most cases, but there are some rare or few cases
where the performance of the proposed method is undesirable where the result of
(VAM) is little better, as in the following example.

Example 3

S1 S2 S3 S4 | supply

6 3 5 4
D1 12 5 3 22 6.85 | 11.09 | 179 | 11.09
D2 3 K 2 "1 14 | 423 | 423 | 423 | 261
D3 57 7 18 6 8 17.9 17.9 46.9 46.9
demand 7 12 17 8

11.09 | 29.03 | 11.09 | 17.9

11.09 - 11.09 | 17.9

11.09 - 11.09 -

- - 11.09 -

Cost = (3#12) + (5*2) + (4*8) + (2*14) + (5*7) + (8*1) = 149

Cost (VAM) = 148
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Conclusion

Transportation models are the least cost method of moving a product created in
several factories or from multiple factories to a variety of different warehouses.
This is critical in logistics management. We improved the present administrative
organization's solution approach via the using of the newly proposed allocation
technique in order to produce a basic feasible solution to transportation
challenges. Eventually, the suggested strategy will assist industry management in
determining its own supply routes. Again, the same principle may apply to
various approaches in which the penalty cost or cost cell difference must be
determined. Furthermore, the researchers may be conducted to determine the
performance of the same process using other methodologies.

The efficacy of the new presented approach is shown in the study of the outcome
and evaluation section, where the suggested method's overall performance is
evaluated. The new algorithm is more computationally efficient and takes less
time to acquire a potential first fundamental solution to transportation problems,
and its outcomes in most cases is better than (VAM) method and it's near the
optimal solution. The more optimum solution requires fewer repetitions with a
better beginning solution. Taking all of these into account, we assert that our
suggested technique may be utilized to generate an initial basic solution to
transportation problems and can be included into any operation research project.
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