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Abstract: This study aims to analyze the effect of genetic algorithm parameters on the
distribution mileage of the largest logistics service provider in Central Jakarta using a general full
factorial design and ANOVA test. This study revealed that all factors and three types of interactions
were statistically significant in influencing the distribution mileage. Moreover, the combination of
population size, crossover probability, mutation probability, and the number of iterations = (90, 1.00,
0.010, 800) generated the lowest mean value and was significantly different from other combinations.
This study provides a different approach to analyzing those factors and interactions that influence

finding the shortest route.

Keywords: Genetic algorithms; population size; crossover probability; mutation probability;
iteration number; shortest route; general full factorial design; ANOVA; TSP

1. Introduction

Reliability is one of the dimensions of service quality
that shows its ability to provide reliable and accurate
services to customers). In logistics companies, the
reliability dimension can be interpreted as the accuracy of
the delivery of goods as promised. Wenyong et al.? proved
this dimension was the most important for service quality
in logistics companies. According to ¥, service quality
positively impacts customer satisfaction, consequently
affects performance®. One of the most critical problems
in logistics companies is accuracy and delivery speed
related to the reliability dimension. The problem is the
selection of distribution routes is one of the causes. The
wrong choice of distribution route might lead to increased
cost, late delivery, and customer dissatisfaction”. This
condition might also be the source of company loss,
especially for the company whose core business is the
logistics service provider. Hence, optimizing the
distribution route that leads to a decrease in time and cost
of transportation is essential®. It means, by determining
the best distribution route, the logistics companies might
increase their performance and quality of service to meet
customers' specific needs and requirements, especially in
the reliability dimension.

Routing problems can be approached with the traveling
salesman problem (TSP). TSP is a concept of finding the
shortest route where each city is only visited once, and

after all cities are visited, the salesman will return to the
first city”. TSP is a non-deterministic polynomial-time
(NP-Hard) problem. Solving the issues needs
metaheuristic or heuristic approaches such as genetic
algorithm (GA). The application of GA was quite broad,
including Shaedi et al.® for entropy minimization of two-
phase flow and Muniandy et al.” for TSP. GA is
empirically proven to solve TSP? better than other
algorithms!'?. GA, introduced by John Holland in the
1970s, was inspired by the "survival of the fittest"
theory!D. This algorithm imitates the evolution process in
finding the optimal solution'?.

Some factors that affect the performance of GA are
population size, crossover probability, and mutation
probability'>'¥, and the number of iterations'>. Roeva et
al.'® also argued that the number of populations in GA
affects the accuracy and the speed of finding the optimal
solution. Therefore, the right choice of the number of
populations, crossover probability, mutation probability,
and the number of iterations in GA is essential.

Previous research used Central Composite Design
(CCD)!"  and fractional experimental design'® to
investigate the factors. But the interactions between
factors were not fully investigated, and none of them
identified the number of iterations as a separate factor in
their studies'”'®. We have not found any general full
factorial design studies in TSP cases using GA based on
the literature study. Therefore, this study aims to analyze
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the influence of the number of populations, crossover
probability, mutation probability, and the number of
iterations, and their interactions toward the optimal
solution — in this case, is the shortest route. In this study,
to assess the influence of those factors and interactions,
the general full factorial was designed to conduct the
experiment and analyzed using the analysis of variance
(ANOVA) method using Minitab software.

In this study, we used NP-Hard symmetric TSP of
distribution case of the largest logistics service provider in
Indonesia. The number of nodes is 43 based on the
average number of branch offices in the Central Jakarta
area'). This study focused on finding the shortest route to
deliver packages to all branch offices in the Central
Jakarta area. We ran a GA simulation using MATLAB
software to find the shortest route. There are some
limitations in this study, as follows:

1. This study only considered the branch offices of the
logistics service provider in the Central Jakarta area.

2. Routing was limited to 43 branch offices of the
logistics service provider in the Central Jakarta area.

3. The Euclidean distance between branch offices was
determined using the branch's actual coordinate point
on maps (symmetric TSP).

4. The simulation process was
MATLAB.

The remainder of this paper is structured as follows:
Section 2 presents the theoretical background of TSP, GA,
factorial design, and ANOVA as the methods used in this
study. Section 3 presents the research design, while
Section 4 briefly presents the research methodology.
Section 5 provides the result and detailed analysis of the
findings. Finally, the conclusion, as well as suggestions
for future studies, are presented in Section 6.

conducted using

2. Theoretical Background

In this section, we will briefly explain the brief theories
related to the traveling salesman problem (TSP), genetic
algorithm (GA), factorial design, and analysis of variance
(ANOVA).

2.1 Travelling Salesman Problem (TSP)

The traveling salesman problem (TSP) could be
illustrated as a problem of a salesperson traveling to many
destinations with one stop at each destination and
returning to the starting point with the expectation of
minimum total costs??. TSP is a classical non-polynomial
problem applicable for routing and scheduling problems
GA is one of the methods that can solve TSP?" and has
been implemented previously??2%,

2.2 Genetic Algorithm (GA)

A genetic algorithm (GA) is a random search method
that imitates the evolution process of living organisms?®).
Liu & Zeng®® has explained that the development of the
natural population follows the principle of natural

20)

selection, i.e., those who are strong will survive. Natural
selection makes individuals compete to survive and
reproduce'?. GA has both exploration and exploitation
mechanisms'?; flexible — can be combined with other
methods??®, and it has a mechanism to escape from
optimal local solution?”. However, there are remaining
issues related to GA: the determination of population size
is complicated”, needed to achieve an optimal solution is
relatively long®!*?, and convergence is hard to achieve®?.

In general, solution search in GA begins with
population coding and determination of fitness function'?,
then followed by six steps of GA's cycle: initial population
generation, fitness evaluation, mechanism reproduction
(crossover and mutation), parents' selection, elitism, and
new population generation'>3¥. The cycle continues until
the best population, optimal solution which meets the
fitness value is obtained?!¥.

Solution search in GA depends on crossover and
mutation probability. Generally, the crossover probability
is in the range of 0.1-1'?, while the range of mutation
probability is 0.001-0.2').

2.3 Factorial Design

Factorial design is a well-known technique based on
statistical considerations that can produce meaningful
information about the influence of a factor in the problem,
including the effect of interactions between factors®>39,
The main effect analysis and the interaction plot are the
analytical steps to obtain the optimal combination of
interactions’”. However, these two techniques should not
be relied on solely because visual subjectivity is often
inaccurate®. Then the statistical test analysis of variance
(ANOVA) was carried out to check whether there was a
difference from the mean between two or more sample
groups. ANOVA had been widely used in various
studies®-49).

There are four assumptions used in testing the
hypothesis on ANOVA: all populations are normally
distributed; the population variance is the same
(homogeneity); observations are independent (the
occurrence of one individual value does not affect the
probability of the occurrence of another event), and the
data are in the form of interval or rate ratio®”. On the other
hand, we should test the data adequacy with a power data
test. The power test is a method to assess the sufficiency
of the observed sample size. The power of a hypothesis
test is affected by the significance level test, sample size,
mean differences, and data variability. An experiment
might fail to detect the effects and mistakenly conclude
that none exists if the test has low power>".

The parameters used in the ANOVA test are the sum of
square, degree of freedom, mean-square, and F-ratio or p-
value, which represents the probability of error. A
common practice in statistical testing is to assume a 95%
confidence level in the results for the effect to be
categorized as statistically significant, which means that
the p-value must be less than 0.05°). Meanwhile, if the
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test is rejected, further tests can be conducted to determine
which treatment average has the most role with the least
significant difference (LSD) test*?.

3. Research Design

Using the GA simulation program, this study focused
on finding the shortest route in packages distribution of
Indonesia's largest logistics service provider. This study
considered four factors that might influence the simulation
output: population size, crossover probability, mutation
probability, and the number of iterations. This study was
designed using a general full factorial design and analyzed
using the ANOVA method. Nine population factor level
numbers (20, 30, 40, 50, 60, 70, 80, 90, and 100)!®. The
population size of 20 to 100 can increase the optimal
solution and provide accurate results!'®. The crossover
probability levels were 0.75'9 and 1. One is the highest
value of the crossover range that is usually used in genetic
algorithms'?. The highest value was chosen based on
previous research findings'®), which stated that the higher
the crossover value, the higher the success of obtaining the
shortest route!®. Mutation probability factor levels were
0.001 and 0.01. The value of 0.001 is the smallest
mutation probability value commonly used in genetic
algorithms'?, and the value of 0.01 refers to Roeva etal.!®.
Then, iteration numbers factor levels were 800 and 1000.
These values were chosen because between population
sizes 20 to 100; the values can provide a stable fitness
value to avoid premature convergence in genetic
algorithms'. This amount meets the requirements to
obtain a power data value of 0.8,

This study used nine replications. This number met the
requirements to obtain a power data value of 0.8°¥. Then,
the null hypothesis (Ho) and alternative hypothesis (H;) in
this study, as follows:

1. Ho@a: The treatment of (a) population size, (b)
crossover probability, (c) mutation probability, and (d)
number of iterations have no effect on the shortest
route.

2. Hi@a: The treatment of (a) population size, (b)
crossover probability, (c) mutation probability, and (d)
number of iterations affect the shortest route.

4. Research Methodology

The methodology employed in this study follows an
eight steps procedure illustrated in Fig. 1. In the beginning,
the literature review was conducted to identify the
research subject and unit analysis. Next, this study
determined the factors, level of each factor, number of
replications, and other relevant parameters. After the
research design was set, distances between branch offices
in Central Jakarta were measured. Euclidean distances
were calculated based on their actual coordinate point on
maps. Next, this study collected the shortest route data.
Data were collected randomly by performing simulations
of GA for TSP in MATLAB software. The running order

was determined by random sequences generated from
general factorial design in Minitab software. Then, we
collected 648 data since we considered nine levels of
population, two levels of crossover probability, two levels
of mutation probability, and two levels of the number of
iterations with nine replications. The power data test was
conducted to determine the research data sufficiency.
Afterward, this study performed normality, homogeneity,
and independence tests in Minitab software as they are
ANOVA assumptions that must be fulfilled. A residual
normality test was conducted. The homogeneity test was
performed using multiple comparisons and Levene's
method.  After all, assumptions were fulfilled, an
ANOVA test was performed in Minitab. The LSD test
would be performed if the null hypothesis (Ho) was
rejected. An analysis was carried out after the
experiment's outcome. Finally, this study was concluded,
and we suggested some future research directions.

Fig. 1: Research Methodology

5. Result and Discussion

The research data were collected using a genetic
algorithm simulation program and can be found in
Appendix Al. The results are as follow:

5.1 Power and Sample Size Test

After data collection, we first performed a power test in
Minitab to assess the adequacy of the observed sample
size’V. Based on the power test with the parameters of
maximum difference of 9784.8, replication of 9, total runs
of 648, and the standard deviation of 4054.2 generated
power value of 1, as shown in Fig. 2. This power value
was above 0.8. It showed that the amount of research data
met the requirements of the expected power value®®.
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Power Curve for General Full Factorial
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Fig. 2: Power Curve for General Full Factorial

5.2 Testing of the Assumptions

Like the #-test, ANOVA is also a parametric test and has
some assumptions. ANOVA assumes that the residuals are
normally distributed. The ANOVA also assumes
homogeneity of variance, which means that the variance
among the groups should be approximately equal, and the
observations are independent of each other. The first step
in the ANOVA assumption test is to perform a residual
normality test. The probability plot showed the results
tend to form a straight line indicating that the residual of
the data was normally distributed (see Fig. 3).

Normal Probability Plot
{response is Shortest Distance)

99.99

Percent
w
&

10000 -5000 o 5000 10000 15000

Residual

Fig. 3: Normal Probability Plot of Residual

The next step is to perform a homogeneity test to assess
the uniformity of variance of each treatment group. The
homogeneity test of the data was performed using
multiple comparisons and Levene's method. The
hypotheses are Ho: there is no difference in the treatment
variance and H;: at least one different treatment variance.
Fig. 4 shows the p-value of 0.242 in the multiple
comparison method and the p-value of 0.581 in Levene's
test method, more significant than 0.05. It indicates that
Hy was accepted, and the data variance was homogeneous.

Then, the residuals versus order plots are used to verify
the assumption that the residuals are independent of one
another. Independent residuals show no trends or patterns
when displayed in time order. Patterns in the points
indicate that residuals near each other may be correlated,
thus not independent. Ideally, the residuals on the plot
should fall randomly around the centerline’¥. Fig. 5 shows

Versus Order
{response is Shortest Distance)
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Fig. 4: Test for Equal Variance
that the residuals were scattered randomly around the
center line and did not form any pattern. It showed that the

data from the observations were independent of each other.
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Fig. 5: Residual versus Order Plot

The fulfillment of these three parameters indicates that
the data obtained from the observations have met the
ANOVA assumption to be processed and analyzed further.
Next, an experimental analysis of general full factorial
design will be carried out using the ANOVA test, the
influence of the main effect factor, the interactions
between factors, and the least significant difference test.

5.3 ANOVA Analysis

The results of previous statistical tests ANOVA
assumptions were met. Hypothesis testing with factorial
ANOVA was carried out to determine whether there was
an effect of differences in the value of population size,
crossover probability, mutation probability, number of
iterations, and the interactions between these factors on
the response variable (shortest route). The ANOVA test
was carried out with the hypothesis in the research design
section. Hy was accepted if the value of p-value > the value
of & = 0.05. The results of the ANOVA test are in Table 1.

Based on the ANOVA test results, all main effects and
three types of interactions were significant. For each main
effect (population size, crossover probability, mutation
probability, and the number of iterations), the p-value was
< 0.05. For the interaction between crossover probability
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and mutation probability, the p-value was 0.015. The p-
value of the interaction between population size,
crossover probability, and the number of iterations was
0.001. Then for the interaction of all factors, the p-value
was 0.019. The results indicated that the four factors and
their interactions affected the response variables.

These factors' influences and interactions can be seen
from the p-value in the ANOVA test and the plot graphs.
Fig. 6 shows the main effects graph. All four factors had
significant effects on the value of the resulting response
variable, where the higher the population size, crossover

probability, mutation probability, and the number of
iterations used tend to reduce the average shortest route
generated.

Although the interaction plot graph could only show
interactions between 2-dimensional variables, they could
describe the interactions between factors, as shown in Fig.
7. Based on the results of the ANOVA test from the graph,
there were striking linear differences in the interaction
between crossover and mutation at different combination
levels.

Table 1. Analysis of Variance

Source DF Adj SS Adj MS F-Value p-Value
Model 71 3043021881 42859463 3.25 0.000
Linear 11 1707005541 155182322 11.75 0.000
Population 8 1311502048 163937756 12.42 0.000
Crossover 1 150542108 150542108 11.40 0.001
Mutation 1 189034420 189034420 14.32 0.000
Tteration 1 54420786 54420786 4.12 0.043
2-Way Interactions 27 540609535 20022575 1.52 0.047
Population*Crossover 8 96623315 12077914 0.91 0.504
Population*Mutation 8 173143613 21642952 1.64 0.111
Population*Iteration 8 162950468 20368808 1.54 0.139
Crossover*Mutation 1 78855830 78855830 5.97 0.015
Crossover*Iteration 1 739678 739678 0.06 0.813
Mutation* Iteration 1 26548197 26548197 2.01 0.157
3-Way Interactions 25 550407346 22016294 1.67 0.023
Population*Crossover*Mutation 8 31084086 3885511 0.29 0.968
Population*Crossover*Iteration 8 362285548 45285693 3.43 0.001
Population*Mutation*Iteration 8 135642663 16955333 1.28 0.249
Crossover*Mutation*Iteration 1 19845112 19845112 1.50 0.221
4-Way Interactions 8 244748162 30593520 2.32 0.019
Population*Crossover*Mutation*Iteration 8 244748162 30593520 2.32 0.019
Error 575 7591391889 13202421
Total 646 | 10634413770

From the ANOVA, we can generate a regression
equation that represents the regression line in the form of
an algebraic equation. This regression equation can
describe the relationship between the terms in the model
and the resulting response51) and predict the value of the
response variable. The regression equation from this study
can be seen in Appendix A2.

5.4 Least Significant Difference (LSD) Analysis

The LSD test is a follow-up test after knowing the main
effects and interactions that affect the response of the
shortest route variable. The Least Significant Difference
(LSD) test is used in the context of the ANOVA. When the
F-ratio suggests rejecting the null hypothesis (Ho), the
difference between the population means is significant.
This test helps to identify the populations whose means
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are statistically different. The basic idea of the test is to
compare the populations taken in pairs®>. The results of
the LSD test are in Table 2.

Interaction Plot for Shortest Distance
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Fig. 6: Main Effect for Shortest Distance

Table 2 shows the four combinations of factors and
levels that generate the highest mean value and four
combinations of factors and levels that generate the lowest
mean response value. These results indicated that the
combination of population size of 20, crossover
probability of 0.75, mutation probability of 0.001, and the
number of iterations of 800 generated the highest mean
value and 1is significantly different from other
combinations. The combination of population size of 90,
crossover probability of 1.00, mutation probability of
0.010, and the number of iterations of 800 generated the
lowest mean value and was significantly different from

other combinations. Thus, that combination is the best
combination of factors and levels in the context of this
study.

Main Effects Plot for Shortest Distance
Data Means
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Fig. 7: Interaction Plot for Shortest Distance

Theoretically, this study gives new knowledge on the
GA and TSP fields. It provides a good combination
parameter setting (to gain the shortest route) used in GA
to solve the TSP problem. It also provides a new
understanding of the design of experiments usage in
determining the influence of factors in the genetic
algorithm model. As a managerial implication, this study
offers a new strategy for the logistics companies to find
the shortest route needed to determine the distribution
route. The companies can use GA simulation and consider
the best combination of factors in the research findings.

Table 2. Grouping Information using Tukey Method with 95% Confidence Level

Population*Crossover*Mutation*Iteration N Mean Grouping
20 0.75 0.001 800 9 62888.1 A
300.75 0.001 1000 9 62295.1 AB
200.75 0.001 1000 9 62148.9 ABC
300.75 0.001 800 9 61926.9 ABCD
90 0.75 0.010 1000 9 54908.8 DEFG
100 0.75 0.001 800 9 53933.8 EFG
90 1.00 0.001 1000 9 53583.8 FG
90 1.00 0.010 800 9 53103.3 G

6. Conclusion

This study proved that the treatment of the population
size, crossover probability, mutation probability, and the
number of iterations affected the results of the shortest
route in the distribution mileage case simulation of the
largest logistics service provider in the Central Jakarta
area using genetic algorithms. Two treatment conditions
generated significant effects. First, the combination of

population size of 20, crossover probability of 0.75,
mutation probability of 0.001, and the number of
iterations of 800 generated the longest route. Second, the
combination of population size of 90, crossover
probability of 1.00, mutation probability of 0.01, and the
number of iterations of 800 significantly generated the
shortest route in the observed case. The logistics
companies can use these conditions for finding the
shortest route solution when using genetic algorithms,
which can help to improve their service quality in terms
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of reliability and delivery time.

The results of this study were in line with previous
studies!®!416-1®) They stated that some factors that affect
the performance of GA were population size, crossover
probability, and mutation probability. This finding was
also in line with previous research by Younas et al.'> that
said that the number of iterations affects the performance
of GA. This study also proved that larger population size,
crossover probability, mutation probability, and the
number of iterations produce better response variables
(shortest route).

The limitation of this study lies in the range of treatment
levels for crossover probability, mutation probability, and
the number of iterations factors which can be said to be
still small (only two levels each). In future research, other
treatment levels could be added to provide a broader
picture of the effect of population size, crossover
probability, mutation probability, and iteration numbers
on the genetic algorithm's shortest route search. Aside
from that, the power test employed in this study is
confined to the data's overall power; in the future, it would
be better to examine the power of each main effect and
interaction. It is also important to analyze the ability of
those four factors and their interactions to explain the
model that has been made both linearly and nonlinearly.
In addition, the use of actual distance data that considers
the highway route in determining the 43 distribution
points is recommended. In this study, the fixed method
was chosen to determine the levels of each factor. The
disadvantage of this method is that inference only applies
to those levels. Therefore, in future research, it is
recommended to use the random method for level
selection so that the inference accommodates the whole
population level.
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Appendix
Al. Raw Data
Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

184 1 60 1 0.01 1000 56034.76
207 2 90 1 0.01 800 54560.7
95 3 40 1 0.01 800 61751.98
314 4 50 0.75 0.001 1000 56043.64
446 5 30 1 0.001 1000 60314.67
499 6 100 0.75 0.01 800 56259.77
401 7 70 0.75 0.001 800 54223.92
183 8 60 1 0.01 800 62.520.44
180 9 60 0.75 0.01 1000 53418.87
49 10 80 0.75 0.001 800 64839.79
366 11 20 1 0.001 1000 65.317.92
344 12 80 1 0.01 1000 62265.57
494 13 90 1 0.001 1000 51385.53
140 14 100 0.75 0.01 1000 55217.52
616 15 60 1 0.01 1000 59493.45
477 16 70 1 0.001 800 55751.74
327 17 60 1 0.01 800 51468.31
539 18 60 0.75 0.01 800 56433.25
106 19 60 0.75 0.001 1000 58139.61
24 20 40 1 0.01 1000 56978.39
12 21 30 0.75 0.01 1000 56443.39
399 22 60 1 0.01 800 53385.26
581 23 20 1 0.001 800 60830.09
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

153 24 30 0.75 0.001 800 57148.39
627 25 80 0.75 0.01 800 60153.34
400 26 60 1 0.01 1000 61616.84
262 27 70 1 0.001 1000 53132.29
345 28 90 0.75 0.001 800 60321.62
357 29 100 1 0.001 800 54553.48
620 30 70 0.75 0.01 1000 57588.37
625 31 80 0.75 0.001 800 60589.58
585 32 30 0.75 0.001 800 62150.2

471 33 60 1 0.01 800 52825.31
331 34 70 0.75 0.01 800 53947.54
182 35 60 1 0.001 1000 60984.39
437 36 20 1 0.001 800 65744.27
427 37 100 0.75 0.01 800 59480.34
632 38 80 1 0.01 1000 55642.81
65 39 100 0.75 0.001 800 50892.75
85 40 30 1 0.001 800 61015.23
143 41 100 1 0.01 800 54519.5

394 42 60 0.75 0.001 1000 53116.36
108 43 60 0.75 0.01 1000 62566.66
269 44 80 1 0.001 800 54964.44
605 45 50 1 0.001 800 64673.94
503 46 100 1 0.01 800 55991.3

615 47 60 1 0.01 800 55993.4

307 48 40 0.75 0.01 800 56134.35
31 49 50 1 0.01 800 50264.73
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

127 50 80 1 0.01 800 59259.7
133 51 90 1 0.001 800 53743.05
167 52 40 1 0.01 800 59824.42

3 53 20 0.75 0.01 800 64073.39
587 54 30 0.75 0.01 800 54223.77
458 55 50 0.75 0.001 1000 63752.77
301 56 30 1 0.001 800 59026.24
546 57 70 0.75 0.001 1000 63795.98
516 58 30 0.75 0.01 1000 56270.38
526 59 40 1 0.001 1000 57704.38
607 60 50 1 0.01 800 64686.38
236 61 40 0.75 0.01 1000 63109.96
16 62 30 1 0.01 1000 53640.2
633 63 90 0.75 0.001 800 58543.02
572 64 100 0.75 0.01 1000 59423.9
330 65 70 0.75 0.001 1000 57682.53
391 66 50 1 0.01 800 63918.95
33 67 60 0.75 0.001 800 53346.99
110 68 60 1 0.001 1000 56731.45
381 69 40 1 0.001 800 59569.79
126 70 80 1 0.001 1000 57292.16

7 71 20 1 0.01 800 65340.91
249 72 60 0.75 0.001 800 59236.59
519 73 30 1 0.01 800 50170.28
284 74 100 0.75 0.01 1000 65326.71
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Factors Shortest Route
Run
Std Order (Response) in

Order Population | Crossover | Mutation | Iteration Meter
122 75 80 0.75 0.001 1000 60459.25
573 76 100 1 0.001 800 55059.41
535 77 50 1 0.01 800 58830.24
408 78 70 1 0.01 1000 50256.08
598 79 40 1 0.001 1000 55572.84
591 80 30 1 0.01 800 64439.1
125 81 80 1 0.001 800 57838.82
636 82 90 0.75 0.01 1000 56200.24
428 83 100 0.75 0.01 1000 53308.13
476 84 70 0.75 0.01 1000 59069.6
468 85 60 0.75 0.01 1000 60583.82
189 86 70 1 0.001 800 56769.11
89 87 40 0.75 0.001 800 60061.03
152 88 20 1 0.01 1000 59229.08
565 89 90 1 0.001 800 60491.74
188 90 70 0.75 0.01 1000 60593.05
139 91 100 0.75 0.01 800 57194.15
363 92 20 0.75 0.01 800 60501.08
374 93 30 1 0.001 1000 51426.71
418 94 90 0.75 0.001 1000 54342.47
263 95 70 1 0.01 800 59590.39
439 96 20 1 0.01 800 60252.1
341 97 80 1 0.001 800 54413.4
312 98 40 1 0.01 1000 65970.54
354 99 100 0.75 0.001 1000 56951.84
523 100 40 0.75 0.01 800 55478.15
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter
364 101 20 0.75 0.01 1000 57303.17
295 102 20 1 0.01 800 59330.83
192 103 70 1 0.01 1000 51662.86
545 104 70 0.75 0.001 800 59650.68
186 105 70 0.75 0.001 1000 60821.88
624 106 70 1 0.01 1000 52628.85
265 107 80 0.75 0.001 800 61988.58
431 108 100 1 0.01 800 58136.52
29 109 50 1 0.001 800 60468.3
163 110 40 0.75 0.01 800 58056.59
124 111 80 0.75 0.01 1000 53355.43
371 112 30 0.75 0.01 800 58662.8
100 113 50 0.75 0.01 1000 51833.44
547 114 70 0.75 0.01 800 55959.53
245 115 50 1 0.001 800 65868.87
228 116 30 0.75 0.01 1000 58281.13
328 117 60 1 0.01 1000 59563.24
91 118 40 0.75 0.01 800 58026.36
315 119 50 0.75 0.01 800 61505.76
117 120 70 1 0.001 800 58132.46
92 121 40 0.75 0.01 1000 57199.55
51 122 80 0.75 0.01 800 60673.47
466 123 60 0.75 0.001 1000 56366.24
623 124 70 1 0.01 800 61604.08
385 125 50 0.75 0.001 800 59004.83
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

445 126 30 1 0.001 800 56117.1
555 127 80 0.75 0.01 800 54129.4
440 128 20 1 0.01 1000 56834.26
235 129 40 0.75 0.01 800 52365.85
266 130 80 0.75 0.001 1000 59926.03
26 131 50 0.75 0.001 1000 65444.76
634 132 90 0.75 0.001 1000 54095.15
72 133 100 1 0.01 1000 54186.43
209 134 100 0.75 0.001 800 57919.96
481 135 80 0.75 0.001 800 54912.78
303 136 30 1 0.01 800 60531.89
316 137 50 0.75 0.01 1000 59260.25
501 138 100 1 0.001 800 50955.72
270 139 80 1 0.001 1000 57787.45
88 140 30 1 0.01 1000 58412.93
564 141 90 0.75 0.01 1000 54956.12
423 142 90 1 0.01 800 51735.32
226 143 30 0.75 0.001 1000 59259.7
593 144 40 0.75 0.001 800 57059.75
542 145 60 1 0.001 1000 59377.04
17 146 40 0.75 0.001 800 63710.71
147 147 20 0.75 0.01 800 62860.61
339 148 80 0.75 0.01 800 51483.67
613 149 60 1 0.001 800 54950.45
14 150 30 1 0.001 1000 56192.13
82 151 30 0.75 0.001 1000 58523.14
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

288 152 100 1 0.01 1000 56184.53
177 153 60 0.75 0.001 800 61522.17
359 154 100 1 0.01 800 61522.17
574 155 100 1 0.001 1000 53163.21
60 156 90 0.75 0.01 1000 53459.46
350 157 90 1 0.001 1000 52116.06
161 158 40 0.75 0.001 800 58592.63
68 159 100 0.75 0.01 1000 50938.99
646 160 100 1 0.001 1000 53209.88
548 161 70 0.75 0.01 1000 58164.39
404 162 70 0.75 0.01 1000 51907.7
267 163 80 0.75 0.01 800 52948.78
18 164 40 0.75 0.001 1000 60322.97
230 165 30 1 0.001 1000 63165.91
414 166 80 1 0.001 1000 60345.09
336 167 70 1 0.01 1000 57491.87
562 168 90 0.75 0.001 1000 56798.97
219 169 20 0.75 0.01 800 64151.68
138 170 100 0.75 0.001 1000 55829.38
247 171 50 1 0.01 800 59521.71
425 172 100 0.75 0.001 800 55331.14
434 173 20 0.75 0.001 1000 64073.39
479 174 70 1 0.01 800 62523.05
337 175 80 0.75 0.001 800 65473.61
181 176 60 1 0.001 800 58467.7
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

436 177 20 0.75 0.01 1000 64073.39
543 178 60 1 0.01 800 60225.06
473 179 70 0.75 0.001 800 61966.52
305 180 40 0.75 0.001 800 58778.33
508 181 20 0.75 0.01 1000 59966.09
566 182 90 1 0.001 1000 58983.54
384 183 40 1 0.01 1000 51067.01
40 184 60 1 0.01 1000 53764.12
536 185 50 1 0.01 1000 59065.53
97 186 50 0.75 0.001 800 54860.63
639 187 90 1 0.01 800 50955.1
452 188 40 0.75 0.01 1000 53411.79
158 189 30 1 0.001 1000 63750.67
149 190 20 1 0.001 800 53936.48
171 191 50 0.75 0.01 800 65653.16
47 192 70 1 0.01 800 57705.18
324 193 60 0.75 0.01 1000 5213391
221 194 20 1 0.001 800 53121.79
59 195 90 0.75 0.01 800 62764.92
389 196 50 1 0.001 800 63760.7
448 197 30 1 0.01 1000 52511.37
420 198 90 0.75 0.01 1000 52963.92
453 199 40 1 0.001 800 50898.26
178 200 60 0.75 0.001 1000 56599.39
464 201 50 1 0.01 1000 57977.3

407 202 70 1 0.01 800 56764.83
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter
151 203 20 1 0.01 800 50848.77
372 204 30 0.75 0.01 1000 56008.38
480 205 70 1 0.01 1000 63658.6
310 206 40 1 0.001 1000 64991.02
154 207 30 0.75 0.001 1000 64101.42
264 208 70 1 0.01 1000 60167.81
515 209 30 0.75 0.01 800 63118.64
368 210 20 1 0.01 1000 58514.89
449 211 40 0.75 0.001 800 59229.95
529 212 50 0.75 0.001 800 61992.54
444 213 30 0.75 0.01 1000 55094.71
347 214 90 0.75 0.01 800 60732.61
28 215 50 0.75 0.01 1000 51833.44
94 216 40 1 0.001 1000 57881.82
369 217 30 0.75 0.001 800 59574.95
629 218 80 1 0.001 800 54288.57
561 219 90 0.75 0.001 800 57443.84
275 220 90 0.75 0.01 800 56028.78
241 221 50 0.75 0.001 800 61080.76
22 222 40 1 0.001 1000 58463.51
563 223 90 0.75 0.01 800 55862.88
46 224 70 1 0.001 1000 51483.61
352 225 90 1 0.01 1000 60765.55
421 226 90 1 0.001 800 60071.34
544 227 60 1 0.01 1000 60679.67
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Factors Shortest Route
Run
Std Order (Response) in

Order Population | Crossover | Mutation | Iteration Meter
57 228 90 0.75 0.001 800 59545.04
326 229 60 1 0.001 1000 62318.1
164 230 40 0.75 0.01 1000 60054.18
280 231 90 1 0.01 1000 52352.13
292 232 20 0.75 0.01 1000 58712.97
630 233 80 1 0.001 1000 58749.44
239 234 40 1 0.01 800 59185.52
496 235 90 1 0.01 1000 58090.57
78 236 20 1 0.001 1000 64553.71
201 237 90 0.75 0.001 800 56146.49
304 238 30 1 0.01 1000 64187.62
419 239 90 0.75 0.01 800 60819.27
520 240 30 1 0.01 1000 51335.85
380 241 40 0.75 0.01 1000 50198.82
118 242 70 1 0.001 1000 59162.69
50 243 80 0.75 0.001 1000 59761.5
386 244 50 0.75 0.001 1000 57985.2
550 245 70 1 0.001 1000 57442.89
618 246 70 0.75 0.001 1000 61010.1
509 247 20 1 0.001 800 62049.65
614 248 60 1 0.001 1000 51463.32
296 249 20 1 0.01 1000 62890.03
532 250 50 0.75 0.01 1000 63101.97
392 251 50 1 0.01 1000 55248.72
278 252 90 1 0.001 1000 51955.68
406 253 70 1 0.001 1000 56475.27
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

640 254 90 1 0.01 1000 52548.15
36 255 60 0.75 0.01 1000 57295.76
200 256 80 1 0.01 1000 57668.68
169 257 50 0.75 0.001 800 59469.45
353 258 100 0.75 0.001 800 55640.34
227 259 30 0.75 0.01 800 54348.9
647 260 100 1 0.01 800 61519.57
42 261 70 0.75 0.001 1000 54708.84
635 262 90 0.75 0.01 800 62315.88
582 263 20 1 0.001 1000 62890.7
103 264 50 1 0.01 800 62123.79
258 265 70 0.75 0.001 1000 64092.92
109 266 60 1 0.001 800 53765.17
489 267 90 0.75 0.001 800 55047.99
638 268 90 1 0.001 1000 52997.96
559 269 80 1 0.01 800 60026.17
375 270 30 1 0.01 800 56463.92
500 271 100 0.75 0.01 1000 52235.53
215 272 100 1 0.01 800 54535.94

1 273 20 0.75 0.001 800 613119
417 274 90 0.75 0.001 800 57823.34
202 275 90 0.75 0.001 1000 59003.79
346 276 90 0.75 0.001 1000 56445.85
212 277 100 0.75 0.01 1000 61970.53
115 278 70 0.75 0.01 800 62826.06

- 182 -




The Effect of Genetic Algorithm Parameters Tuning for Route Optimization in Travelling Salesman Problem through General Full
Factorial Design Analysis

Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

512 279 20 1 0.01 1000 57186.86
577 280 20 0.75 0.001 800 58911.81
273 281 90 0.75 0.001 800 59665.17
116 282 70 0.75 0.01 1000 56779.48
497 283 100 0.75 0.001 800 50629.1

492 284 90 0.75 0.01 1000 55558.86
570 285 100 0.75 0.001 1000 55435.48
525 286 40 1 0.001 800 56497.95
205 287 90 1 0.001 800 50415.18
48 288 70 1 0.01 1000 52181.9

309 289 40 1 0.001 800 60229.99
34 290 60 0.75 0.001 1000 64916.19
648 291 100 1 0.01 1000 51423.6

293 292 20 1 0.001 800 62301.2

54 293 80 1 0.001 1000 57828.34
242 294 50 0.75 0.001 1000 55923.15
130 295 90 0.75 0.001 1000 62277.27
451 296 40 0.75 0.01 800 65909.48
317 297 50 1 0.001 800 64591.62
277 298 90 1 0.001 800 56171.2

185 299 70 0.75 0.001 800 59910.78
611 300 60 0.75 0.01 800 55535.4

63 301 90 1 0.01 800 52452.51
198 302 80 1 0.001 1000 57629.52
93 303 40 1 0.001 800 60268.79
268 304 80 0.75 0.01 1000 59212.75
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Factors Shortest Route
Run
Std Order (Response) in

Order Population | Crossover | Mutation | Iteration Meter
413 305 80 1 0.001 800 55610.65
11 306 30 0.75 0.01 800 60752.3
513 307 30 0.75 0.001 800 65677.97
229 308 30 1 0.001 800 56808.89
367 309 20 1 0.01 800 55606.06
132 310 90 0.75 0.01 1000 59705.22
299 311 30 0.75 0.01 800 55769.69
165 312 40 1 0.001 800 58126.14
465 313 60 0.75 0.001 800 65827.7
538 314 60 0.75 0.001 1000 64904.1
32 315 50 1 0.01 1000 62499.24
43 316 70 0.75 0.01 800 53618.85
159 317 30 1 0.01 800 56696.46
208 318 90 1 0.01 1000 55120.71
98 319 50 0.75 0.001 1000 52726.77
285 320 100 1 0.001 800 54935.23
609 321 60 0.75 0.001 800 64154.09
643 322 100 0.75 0.01 800 58984.03
175 323 50 1 0.01 800 52571.99
619 324 70 0.75 0.01 800 62423.18
74 325 20 0.75 0.001 1000 62541.16
2 326 20 0.75 0.001 1000 60054.06
123 327 80 0.75 0.01 800 56200.66
38 328 60 1 0.001 1000 62017.55
254 329 60 1 0.001 1000 55423.46
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter
475 330 70 0.75 0.01 800 57111.18
30 331 50 1 0.001 1000 59136.62
517 332 30 1 0.001 800 58583.3
488 333 80 1 0.01 1000 56026.1
80 334 20 1 0.01 1000 55197.25
191 335 70 1 0.01 800 65509.9
213 336 100 1 0.001 800 54284.44
248 337 50 1 0.01 1000 59369.66
447 338 30 1 0.01 800 53967.32
39 339 60 1 0.01 800 51210.55
176 340 50 1 0.01 1000 58239
113 341 70 0.75 0.001 800 54223.92
196 342 80 0.75 0.01 1000 64393.59
498 343 100 0.75 0.001 1000 57474.11
58 344 90 0.75 0.001 1000 54587.76
168 345 40 1 0.01 1000 55355.87
13 346 30 1 0.001 800 62150.2
214 347 100 1 0.001 1000 57224.97
424 348 90 1 0.01 1000 64952.59
412 349 80 0.75 0.01 1000 52354.37
462 350 50 1 0.001 1000 51359.09
75 351 20 0.75 0.01 800 61995.33
583 352 20 1 0.01 800 63931.02
90 353 40 0.75 0.001 1000 61473.59
231 354 30 1 0.01 800 54298
4 355 20 0.75 0.01 1000 60345.78
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

259 356 70 0.75 0.01 800 51936.9
387 357 50 0.75 0.01 800 61031.85
155 358 30 0.75 0.01 800 59682.59
450 359 40 0.75 0.001 1000 53832.24
173 360 50 1 0.001 800 61053.48
187 361 70 0.75 0.01 800 59364.3
377 362 40 0.75 0.001 800 65059.14
197 363 80 1 0.001 800 64039.89
272 364 80 1 0.01 1000 54231.18
107 365 60 0.75 0.01 800 51370.04
174 366 50 1 0.001 1000 53390.05
362 367 20 0.75 0.001 1000 58673.58
67 368 100 0.75 0.01 800 51453.62
210 369 100 0.75 0.001 1000 65497.11
506 370 20 0.75 0.001 1000 64195.32
355 371 100 0.75 0.01 800 58677.74
217 372 20 0.75 0.001 800 60821.13
388 373 50 0.75 0.01 1000 53791.81
470 374 60 1 0.001 1000 56708.36
199 375 80 1 0.01 800 53941.28
81 376 30 0.75 0.001 800 66162.5
244 377 50 0.75 0.01 1000 51791.85
575 378 100 1 0.01 800 62444.68
325 379 60 1 0.001 800 59746.88

8 380 20 1 0.01 1000 60774.92
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

442 381 30 0.75 0.001 1000 63972.76
27 382 50 0.75 0.01 800 54881.36
528 383 40 1 0.01 1000 62029.46
37 384 60 1 0.001 800 57885.06
260 385 70 0.75 0.01 1000 54909.39
56 386 80 1 0.01 1000 55220.85
340 387 80 0.75 0.01 1000 57802.69
114 388 70 0.75 0.001 1000 62460.1

568 389 90 1 0.01 1000 64417.58
172 390 50 0.75 0.01 1000 55967.27
250 391 60 0.75 0.001 1000 66067.76
645 392 100 1 0.001 800 57960.43
405 393 70 1 0.001 800 54353.47
502 394 100 1 0.001 1000 58019.87
484 395 80 0.75 0.01 1000 64432.95
157 396 30 1 0.001 800 57234.23
253 397 60 1 0.001 800 57158.79
534 398 50 1 0.001 1000 61478.67
463 399 50 1 0.01 800 59763.3

289 400 20 0.75 0.001 800 63912.27
617 401 70 0.75 0.001 800 55800.76
588 402 30 0.75 0.01 1000 63626.46
552 403 70 1 0.01 1000 56077.68
370 404 30 0.75 0.001 1000 61275.7
592 405 30 1 0.01 1000 57852.12
602 406 50 0.75 0.001 1000 63685.18
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

642 407 100 0.75 0.001 1000 58622.79
541 408 60 1 0.001 800 57387.73
628 409 80 0.75 0.01 1000 57808.85
52 410 80 0.75 0.01 1000 51466.59
120 411 70 1 0.01 1000 51480.58

5 412 20 1 0.001 800 57070.3
461 413 50 1 0.001 800 57290.56
360 414 100 1 0.01 1000 56046.71
21 415 40 1 0.001 800 55493.54
62 416 90 1 0.001 1000 55388.81
156 417 30 0.75 0.01 1000 61576.31
287 418 100 1 0.01 800 52859.39
571 419 100 0.75 0.01 800 5606..61
121 420 80 0.75 0.001 800 59945.69
376 421 30 1 0.01 1000 59161.26
622 422 70 1 0.001 1000 51544.32
410 423 80 0.75 0.001 1000 51678.05
112 424 60 1 0.01 1000 53661.29
551 425 70 1 0.01 800 57799.77
553 426 80 0.75 0.001 800 60205.21
478 427 70 1 0.001 1000 56490.43
256 428 60 1 0.01 1000 61455.33
129 429 90 0.75 0.001 800 52723.42
351 430 90 1 0.01 800 54964.18
194 431 80 0.75 0.001 1000 56739.51
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

396 432 60 0.75 0.01 1000 59540.26
300 433 30 0.75 0.01 1000 63222.85
560 434 80 1 0.01 1000 55920.05
600 435 40 1 0.01 1000 53107.96
576 436 100 1 0.01 1000 58740.49
141 437 100 1 0.001 800 53177.59
25 438 50 0.75 0.001 800 61881.01
527 439 40 1 0.01 800 52340.56
101 440 50 1 0.001 800 53743.2
467 441 60 0.75 0.01 800 65550.52
373 442 30 1 0.001 800 63728.04
378 443 40 0.75 0.001 1000 58677.2
240 444 40 1 0.01 1000 60176.7
393 445 60 0.75 0.001 800 58898.68
20 446 40 0.75 0.01 1000 53886.54
504 447 100 1 0.01 1000 57520.46
438 448 20 1 0.001 1000 54204.15
261 449 70 1 0.001 800 63015.63
193 450 80 0.75 0.001 800 56104.37
313 451 50 0.75 0.001 800 52409.75
15 452 30 1 0.01 800 58518.55
604 453 50 0.75 0.01 1000 53995.04
291 454 20 0.75 0.01 800 58050.6
554 455 80 0.75 0.001 1000 62618.86
162 456 40 0.75 0.001 1000 54528.16
641 457 100 0.75 0.001 800 51846.46
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter
35 458 60 0.75 0.01 800 64143.49
66 459 100 0.75 0.001 1000 59166.95
332 460 70 0.75 0.01 1000 52917.22
597 461 40 1 0.001 800 53524.19
311 462 40 1 0.01 800 56695.62
342 463 80 1 0.001 1000 55900.22
533 464 50 1 0.001 800 60900.85
10 465 30 0.75 0.001 1000 59944.85
211 466 100 0.75 0.01 800 56782.47
279 467 90 1 0.01 800 50261.64
579 468 20 0.75 0.01 800 64546.66
73 469 20 0.75 0.001 800 65959.32
556 470 80 0.75 0.01 1000 58620.73
415 471 80 1 0.01 800 59205.27
586 472 30 0.75 0.001 1000 65217.89
61 473 90 1 0.001 800 53651.33
102 474 50 1 0.001 1000 60296.54
160 475 30 1 0.01 1000 56310.52
55 476 80 1 0.01 800 64461.07
294 477 20 1 0.001 1000 59307.76
99 478 50 0.75 0.01 800 59209.27
409 479 80 0.75 0.001 800 56798.21
644 480 100 0.75 0.01 1000 53773.27
631 481 80 1 0.01 800 56075.05
64 482 90 1 0.01 1000 52324.39
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

343 483 80 1 0.01 800 57362.45
166 484 40 1 0.001 1000 62509.89
83 485 30 0.75 0.01 800 56960.81
637 486 90 1 0.001 800 56945.5
510 487 20 1 0.001 1000 62578.43
454 488 40 1 0.001 1000 59885.44
251 489 60 0.75 0.01 800 62633.01
416 490 80 1 0.01 1000 58109.75
356 491 100 0.75 0.01 1000 59238.63
531 492 50 0.75 0.01 800 64343.15
486 493 80 1 0.001 1000 58483.36
608 494 50 1 0.01 1000 55034.97
119 495 70 1 0.01 800 62873.62
590 496 30 1 0.001 1000 60113.13
281 497 100 0.75 0.001 800 52442.59
220 498 20 0.75 0.01 1000 65287.29
190 499 70 1 0.001 1000 58096

530 500 50 0.75 0.001 1000 63625.95
150 501 20 1 0.001 1000 64871.83
518 502 30 1 0.001 1000 63888.17
218 503 20 0.75 0.001 1000 64206.68
216 504 100 1 0.01 1000 57003.54
349 505 90 1 0.001 800 53208.75
469 506 60 1 0.001 800 56092.03
557 507 80 1 0.001 800 61861.56
179 508 60 0.75 0.01 800 50661.8
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter
603 509 50 0.75 0.01 800 58300.01
318 510 50 1 0.001 1000 56189.59
41 511 70 0.75 0.001 800 57540.8
422 512 90 1 0.001 1000 52597.71
45 513 70 1 0.001 800 58920.35
286 514 100 1 0.001 1000 56465.56
482 515 80 0.75 0.001 1000 64319.34
86 516 30 1 0.001 1000 58143.88
148 517 20 0.75 0.01 1000 62917.12
232 518 30 1 0.01 1000 50459.28
540 519 60 0.75 0.01 1000 50150.25
237 520 40 1 0.001 800 65302.5
395 521 60 0.75 0.01 800 60463.57
487 522 80 1 0.01 800 55774.57
457 523 50 0.75 0.001 800 64259.83
522 524 40 0.75 0.001 1000 54083.41
134 525 90 1 0.001 1000 50831.57
44 526 70 0.75 0.01 1000 54216.42
233 527 40 0.75 0.001 800 65274.75
53 528 80 1 0.001 800 60115.02
104 529 50 1 0.01 1000 53121.65
460 530 50 0.75 0.01 1000 59756.16
549 531 70 1 0.001 800 55683.06
252 532 60 0.75 0.01 1000 51588.37
474 533 70 0.75 0.001 1000 63739.44
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

111 534 60 1 0.01 800 56123.41
578 535 20 0.75 0.001 1000 63760.27
485 536 80 1 0.001 800 53850.33
334 537 70 1 0.001 1000 56784.84
495 538 90 1 0.01 800 55920.57
459 539 50 0.75 0.01 800 62317.12
514 540 30 0.75 0.001 1000 64853.34
411 541 80 0.75 0.01 800 52757.24
610 542 60 0.75 0.001 1000 61112.72
398 543 60 1 0.001 1000 57478.43
472 544 60 1 0.01 1000 54936.71
243 545 50 0.75 0.01 800 60245.75
490 546 90 0.75 0.001 1000 58162.55
580 547 20 0.75 0.01 1000 57610.14
195 548 80 0.75 0.01 800 57993.76
483 549 80 0.75 0.01 800 60391.29
455 550 40 1 0.01 800 55712.84
626 551 80 0.75 0.001 1000 54014.81
308 552 40 0.75 0.01 1000 53509.77
87 553 30 1 0.01 800 63040.58
612 554 60 0.75 0.01 1000 58691.89
234 555 40 0.75 0.001 1000 52479.11
430 556 100 1 0.001 1000 57108.35
319 557 50 1 0.01 800 59372.73
601 558 50 0.75 0.001 800 61881.4
321 559 60 0.75 0.001 800 59381.35
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

426 560 100 0.75 0.001 1000 61459.43
282 561 100 0.75 0.001 1000 62135.79
558 562 80 1 0.001 1000 55870.91
302 563 30 1 0.001 1000 54667.84
329 564 70 0.75 0.001 800 56727.89
274 565 90 0.75 0.001 1000 58540.55
298 566 30 0.75 0.001 1000 635006.82
246 567 50 1 0.001 1000 53611.63
306 568 40 0.75 0.001 1000 60230.9
537 569 60 0.75 0.001 800 61481.4
338 570 80 0.75 0.001 1000 53023.26
71 571 100 1 0.01 800 60489.46
23 572 40 1 0.01 800 51169.58
77 573 20 1 0.001 800 62280.77
223 574 20 1 0.01 800 64445.28
131 575 90 0.75 0.01 800 59055.36
142 576 100 1 0.001 1000 56023.26
335 577 70 1 0.01 800 56748.47
379 578 40 0.75 0.01 800 61310.42
491 579 90 0.75 0.01 800 54485.51
443 580 30 0.75 0.01 800 55963.09
204 581 90 0.75 0.01 1000 54859.26
69 582 100 1 0.001 800 58578.53
584 583 20 1 0.01 1000 62313.18
225 584 30 0.75 0.001 800 58448.95
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

441 585 30 0.75 0.001 800 60050.42
170 586 50 0.75 0.001 1000 52873.76
70 587 100 1 0.001 1000 56015.16
505 588 20 0.75 0.001 800 62647.91
238 589 40 1 0.001 1000 60538.34
397 590 60 1 0.001 800 60245.13
206 591 90 1 0.001 1000 55997.46
435 592 20 0.75 0.01 800 64478.37
403 593 70 0.75 0.01 800 54575.41

9 594 30 0.75 0.001 800 65610.01
203 595 90 0.75 0.01 800 56401.37
390 596 50 1 0.001 1000 55187.36
333 597 70 1 0.001 800 63258.03
146 598 20 0.75 0.001 1000 59442.11
76 599 20 0.75 0.01 1000 66916.82
596 600 40 0.75 0.01 1000 60990.97
222 601 20 1 0.001 1000 55592.95
84 602 30 0.75 0.01 1000 54910.18
144 603 100 1 0.01 1000 58608.83
621 604 70 1 0.001 800 58408.35
283 605 100 0.75 0.01 800 5374545
290 606 20 0.75 0.001 1000 62393.78
255 607 60 1 0.01 800 59361.89
19 608 40 0.75 0.01 800 63101.89
511 609 20 1 0.01 800 59406.34
383 610 40 1 0.01 800 57240.59
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

569 611 100 0.75 0.001 800 55891.53
128 612 80 1 0.01 1000 53310.64
524 613 40 0.75 0.01 1000 50275.81
429 614 100 1 0.001 800 54863.31
606 615 50 1 0.001 1000 62354.52
432 616 100 1 0.01 1000 51272.01
589 617 30 1 0.001 800 57425.75
79 618 20 1 0.01 800 61183.12
137 619 100 0.75 0.001 800 54810.62
271 620 80 1 0.01 800 61296.54
567 621 90 1 0.01 800 52893.39
323 622 60 0.75 0.01 800 58312.98
456 623 40 1 0.01 1000 57524.03
358 624 100 1 0.001 1000 61393.18
493 625 90 1 0.001 800 60838.89
105 626 60 0.75 0.001 800 63263.92
348 627 90 0.75 0.01 1000 52739.52
145 628 20 0.75 0.001 800 61918.54
257 629 70 0.75 0.001 800 53009.52
433 630 20 0.75 0.001 800 64553.9
507 631 20 0.75 0.01 800 54795.63
594 632 40 0.75 0.001 1000 63745.46
297 633 30 0.75 0.001 800 62518.72
135 634 90 1 0.01 800 54186.41

6 635 20 1 0.001 1000 62963.63
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Factors Shortest Route
Run
Std Order (Response) in
Order Population | Crossover | Mutation | Iteration Meter

361 636 20 0.75 0.001 800 65956.35
320 637 50 1 0.01 1000 61655.3
136 638 90 1 0.01 1000 59773.67
96 639 40 1 0.01 1000 59103.22
224 640 20 1 0.01 1000 65099.3
365 641 20 1 0.001 800 65931.82
276 642 90 0.75 0.01 1000 53736.84
521 643 40 0.75 0.001 800 64680.95
382 644 40 1 0.001 1000 59056.9
322 645 60 0.75 0.001 1000 56436.07
402 646 70 0.75 0.001 1000 58271.73
595 647 40 0.75 0.01 800 59349.17
599 648 40 1 0.01 800 62899.81

Shortest Route

A2. Regression Equation

58142 + 3078 Population_20 + 867 Population_30 + 175 Population_40

+ 696 Population_50 - 110 Population 60 - 654 Population_70 - 333 Population 80
- 2028 Population_90 - 1690 Population_100 + 482 Crossover_0.75 - 482 Crossover_1.00
+ 541 Mutation_0.001 - 541 Mutation_0.010 + 290 Iteration_800 - 290 Iteration 1000

+ 351 Population*Crossover 20 0.75 - 351 Population*Crossover_20 1.00
+ 589 Population*Crossover 30 0.75 - 589 Population*Crossover 30 1.00
- 350 Population*Crossover_40 0.75 + 350 Population*Crossover 40 1.00
- 495 Population*Crossover_50 0.75 + 495 Population*Crossover 50 1.00
+ 258 Population*Crossover 60 0.75 - 258 Population*Crossover_60 1.00
- 261 Population*Crossover_70 0.75 + 261 Population*Crossover 70 1.00
- 248 Population*Crossover_80 0.75 + 248 Population*Crossover 80 1.00
+ 463 Population*Crossover 90 0.75 - 463 Population*Crossover 90 1.00
- 308 Population*Crossover 100 0.75 + 308 Population*Crossover 100 1.00

- 70 Population*Mutation_20 0.001 + 70 Population*Mutation 20 0.010
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+ 1054 Population*Mutation_30 0.001 - 1054 Population*Mutation 30 0.010
+ 263 Population*Mutation 40 0.001 - 263 Population*Mutation_40 0.010

- 94 Population*Mutation_50 0.001 + 94 Population*Mutation 50 0.010

+ 398 Population*Mutation 60 0.001 - 398 Population*Mutation_60 0.010

- 125 Population*Mutation_70 0.001 + 125 Population*Mutation_70 0.010

- 9 Population*Mutation_80 0.001 + 9 Population*Mutation_80 0.010

- 563 Population*Mutation_90 0.001 + 563 Population*Mutation_90 0.010

- 855 Population*Mutation_100 0.001 + 855 Population*Mutation 100 0.010
- 259 Population*Iteration_20 800 + 259 Population*Iteration_20 1000

- 215 Population*Iteration_30 800 + 215 Population*Iteration_30 1000

+ 251 Population*Iteration_40 800 - 251 Population*Iteration_40 1000

+ 1087 Population*Iteration_50 800 - 1087 Population*Iteration_50 1000

- 239 Population*Iteration_60 800 + 239 Population*Iteration_60 1000

+ 283 Population*Iteration 70 800 - 283 Population*Iteration_70 1000

+ 11 Population*Iteration 80 800 - 11 Population*Iteration 80 1000

- 38 Population*Iteration_90 800 + 38 Population*Iteration_90 1000

- 883 Population*Iteration_100 800 + 883 Population*Iteration_100 1000

+ 349 Crossover*Mutation_0.75 0.001 - 349 Crossover*Mutation_0.75 0.010
- 349 Crossover*Mutation_1.00 0.001 + 349 Crossover*Mutation_1.00 0.010
+ 34 Crossover*Iteration_0.75 800 - 34 Crossover*Iteration_0.75 1000

- 34 Crossover*Iteration_1.00 800 + 34 Crossover*Iteration_1.00 1000

- 203 Mutation*Iteration_0.001 800 + 203 Mutation*Iteration_0.001 1000

+ 203 Mutation*Iteration_0.010 800 - 203 Mutation*Iteration_0.010 1000

- 355 Population*Crossover*Mutation_20 0.75 0.001

+ 355 Population*Crossover*Mutation 20 0.75 0.010

+ 355 Population*Crossover*Mutation 20 1.00 0.001

- 355 Population*Crossover*Mutation 20 1.00 0.010

+ 86 Population*Crossover*Mutation 30 0.75 0.001

- 86 Population*Crossover*Mutation 30 0.75 0.010

- 86 Population*Crossover*Mutation 30 1.00 0.001

+ 86 Population*Crossover*Mutation_30 1.00 0.010

- 57 Population*Crossover*Mutation 40 0.75 0.001

+ 57 Population*Crossover*Mutation_40 0.75 0.010

+ 57 Population*Crossover*Mutation_40 1.00 0.001

- 57 Population*Crossover*Mutation 40 1.00 0.010

- 238 Population*Crossover*Mutation 50 0.75 0.001

+ 238 Population*Crossover*Mutation 50 0.75 0.010

+ 238 Population*Crossover*Mutation 50 1.00 0.001
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- 238 Population*Crossover*Mutation_50 1.00 0.010
+ 204 Population*Crossover*Mutation_60 0.75 0.001
- 204 Population*Crossover*Mutation_60 0.75 0.010
- 204 Population*Crossover*Mutation_60 1.00 0.001
+ 204 Population*Crossover*Mutation_60 1.00 0.010
+ 395 Population*Crossover*Mutation_70 0.75 0.001
- 395 Population*Crossover*Mutation_70 0.75 0.010
- 395 Population*Crossover*Mutation_70 1.00 0.001
+ 395 Population*Crossover*Mutation_70 1.00 0.010
+ 153 Population*Crossover*Mutation_80 0.75 0.001
- 153 Population*Crossover*Mutation_80 0.75 0.010
- 153 Population*Crossover*Mutation_80 1.00 0.001
+ 153 Population*Crossover*Mutation 80 1.00 0.010
- 80 Population*Crossover*Mutation 90 0.75 0.001

+ 80 Population*Crossover*Mutation_90 0.75 0.010
+ 80 Population*Crossover*Mutation_90 1.00 0.001

- 80 Population*Crossover*Mutation 90 1.00 0.010

- 107 Population*Crossover*Mutation 100 0.75 0.001
+ 107 Population*Crossover*Mutation 100 0.75 0.010
+ 107 Population*Crossover*Mutation 100 1.00 0.001
- 107 Population*Crossover*Mutation 100 1.00 0.010
+ 184 Population*Crossover*Iteration 20 0.75 800

- 184 Population*Crossover*Iteration 20 0.75 1000

- 184 Population*Crossover*Iteration_20 1.00 800

+ 184 Population*Crossover*Iteration 20 1.00 1000

- 366 Population*Crossover*Iteration_30 0.75 800

+ 366 Population*Crossover*Iteration_30 0.75 1000
+ 366 Population*Crossover*Iteration_30 1.00 800

- 366 Population*Crossover*Iteration_30 1.00 1000

+ 1096 Population*Crossover*Iteration 40 0.75 800

- 1096 Population*Crossover*Iteration_40 0.75 1000
- 1096 Population*Crossover*Iteration 40 1.00 800

+ 1096 Population*Crossover*Iteration 40 1.00 1000
+ 4 Population*Crossover*Iteration 50 0.75 800

- 4 Population*Crossover*Iteration_50 0.75 1000

- 4 Population*Crossover*Iteration 50 1.00 800

+ 4 Population*Crossover*Iteration 50 1.00 1000

+ 709 Population*Crossover*Iteration 60 0.75 800
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- 709 Population*Crossover*Iteration_60 0.75 1000

- 709 Population*Crossover*Iteration_60 1.00 800

+ 709 Population*Crossover*Iteration_60 1.00 1000

- 1382 Population*Crossover*Iteration_70 0.75 800

+ 1382 Population*Crossover*Iteration_70 0.75 1000

+ 1382 Population*Crossover*Iteration 70 1.00 800

- 1382 Population*Crossover*Iteration_70 1.00 1000

- 180 Population*Crossover*Iteration_80 0.75 800

+ 180 Population*Crossover*Iteration_80 0.75 1000

+ 180 Population*Crossover*Iteration_80 1.00 800

- 180 Population*Crossover*Iteration_80 1.00 1000

+ 750 Population*Crossover*Iteration_90 0.75 800

- 750 Population*Crossover*Iteration_90 0.75 1000

- 750 Population*Crossover*Iteration_90 1.00 800

+ 750 Population*Crossover*Iteration_90 1.00 1000

- 815 Population*Crossover*Iteration 100 0.75 800

+ 815 Population*Crossover*Iteration_100 0.75 1000

+ 815 Population*Crossover*Iteration 100 1.00 800

- 815 Population*Crossover*Iteration_100 1.00 1000

+ 106 Population*Mutation*Iteration 20 0.001 800 - 106 Population*Mutation*Iteration 20
0.001 1000 - 106 Population*Mutation*Iteration 20 0.010 800

+ 106 Population*Mutation*Iteration 20 0.010 1000 + 47 Population*Mutation*Iteration 30
0.001 800 - 47 Population*Mutation*Iteration 30 0.001 1000

- 47 Population*Mutation*Iteration_30 0.010 800 + 47 Population*Mutation*Iteration 30
0.010 1000 + 116 Population*Mutation*Iteration_40 0.001 800

- 116 Population*Mutation*Iteration_40 0.001 1000

- 116 Population*Mutation*Iteration_40 0.010 800 + 116 Population*Mutation*Iteration 40
0.010 1000 + 52 Population*Mutation*Iteration 50 0.001 800

- 52 Population*Mutation*Iteration_50 0.001 1000 - 52 Population*Mutation*Iteration 50
0.010 800 + 52 Population*Mutation*Iteration_50 0.010 1000

+ 225 Population*Mutation*Iteration_60 0.001 800 - 225 Population*Mutation*Iteration_60
0.001 1000 - 225 Population*Mutation*Iteration_60 0.010 800

+ 225 Population*Mutation*Iteration_60 0.010 1000

- 644 Population*Mutation*Iteration_70 0.001 800 + 644 Population*Mutation*Iteration 70
0.001 1000 + 644 Population*Mutation*Iteration_70 0.010 800

- 644 Population*Mutation*Iteration_70 0.010 1000

+ 329 Population*Mutation*Iteration_80 0.001 800 - 329 Population*Mutation*Iteration 80
0.001 1000 - 329 Population*Mutation*Iteration_80 0.010 800
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+ 329 Population*Mutation*Iteration 80 0.010 1000

+ 681 Population*Mutation*Iteration_90 0.001 800 - 681 Population*Mutation*Iteration 90
0.001 1000 - 681 Population*Mutation*Iteration_90 0.010 800

+ 681 Population*Mutation*Iteration_90 0.010 1000

- 911 Population*Mutation*Iteration_100 0.001 800

+ 911 Population*Mutation*Iteration_100 0.001 1000

+ 911 Population*Mutation*Iteration_100 0.010 800

- 911 Population*Mutation*Iteration_100 0.010 1000

- 175 Crossover*Mutation*Iteration_0.75 0.001 800

+ 175 Crossover*Mutation*Iteration_0.75 0.001 1000

+ 175 Crossover*Mutation*Iteration_0.75 0.010 800

- 175 Crossover*Mutation*Iteration_0.75 0.010 1000

+ 175 Crossover*Mutation*Iteration 1.00 0.001 800

- 175 Crossover*Mutation*Iteration_1.00 0.001 1000

- 175 Crossover*Mutation*Iteration_1.00 0.010 800

+ 175 Crossover*Mutation*Iteration _1.00 0.010 1000

+ 393 Population*Crossover*Mutation*Iteration_20 0.75 0.001 800
- 393 Population*Crossover*Mutation*Iteration_20 0.75 0.001 1000
- 393 Population*Crossover*Mutation*Iteration_20 0.75 0.010 800
+ 393 Population*Crossover*Mutation*Iteration_20 0.75 0.010 1000
- 393 Population*Crossover*Mutation*Iteration_20 1.00 0.001 800
+ 393 Population*Crossover*Mutation*Iteration_20 1.00 0.001 1000
+ 393 Population*Crossover*Mutation*Iteration_20 1.00 0.010 800
- 393 Population*Crossover*Mutation*Iteration_20 1.00 0.010 1000
+ 404 Population*Crossover*Mutation*Iteration_30 0.75 0.001 800
- 404 Population*Crossover*Mutation*Iteration_30 0.75 0.001 1000
- 404 Population*Crossover*Mutation*Iteration_30 0.75 0.010 800
+ 404 Population*Crossover*Mutation*Iteration_30 0.75 0.010 1000
- 404 Population*Crossover*Mutation*Iteration_30 1.00 0.001 800
+ 404 Population*Crossover*Mutation*Iteration_30 1.00 0.001 1000
+ 404 Population* Crossover*Mutation*Iteration 30 1.00 0.010 800
- 404 Population*Crossover*Mutation*Iteration 30 1.00 0.010 1000
+ 428 Population*Crossover*Mutation*Iteration 40 0.75 0.001 800
- 428 Population*Crossover*Mutation*Iteration 40 0.75 0.001 1000
- 428 Population*Crossover*Mutation*Iteration 40 0.75 0.010 800
+ 428 Population*Crossover*Mutation*Iteration 40 0.75 0.010 1000
- 428 Population*Crossover*Mutation*Iteration_40 1.00 0.001 800
+ 428 Population*Crossover*Mutation*Iteration 40 1.00 0.001 1000
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+ 428 Population*Crossover*Mutation*Iteration_40 1.00 0.010 800
- 428 Population*Crossover*Mutation*Iteration_40 1.00 0.010 1000
- 823 Population*Crossover*Mutation*Iteration_50 0.75 0.001 800
+ 823 Population*Crossover*Mutation*Iteration_50 0.75 0.001 1000
+ 823 Population*Crossover*Mutation*Iteration_50 0.75 0.010 800
- 823 Population*Crossover*Mutation*Iteration 50 0.75 0.010 1000
+ 823 Population*Crossover*Mutation*Iteration_50 1.00 0.001 800
- 823 Population*Crossover*Mutation*Iteration 50 1.00 0.001 1000
- 823 Population*Crossover*Mutation*Iteration_50 1.00 0.010 800
+ 823 Population*Crossover*Mutation*Iteration_50 1.00 0.010 1000
- 116 Population*Crossover*Mutation*Iteration_60 0.75 0.001 800
+ 116 Population*Crossover*Mutation*Iteration_60 0.75 0.001 1000
+ 116 Population*Crossover*Mutation*Iteration_60 0.75 0.010 800
- 116 Population*Crossover*Mutation*Iteration_60 0.75 0.010 1000
+ 116 Population*Crossover*Mutation*Iteration_60 1.00 0.001 800
- 116 Population*Crossover*Mutation*Iteration_60 1.00 0.001 1000
- 116 Population*Crossover*Mutation*Iteration_60 1.00 0.010 800
+ 116 Population*Crossover*Mutation*Iteration_60 1.00 0.010 1000
- 65 Population*Crossover*Mutation*Iteration_70 0.75 0.001 800

+ 65 Population*Crossover*Mutation*Iteration 70 0.75 0.001 1000
+ 65 Population*Crossover*Mutation*Iteration 70 0.75 0.010 800

- 65 Population*Crossover*Mutation*Iteration_70 0.75 0.010 1000
+ 65 Population*Crossover*Mutation*Iteration 70 1.00 0.001 800

- 65 Population*Crossover*Mutation*Iteration_70 1.00 0.001 1000

- 65 Population*Crossover*Mutation*Iteration_70 1.00 0.010 800

+ 65 Population*Crossover*Mutation*Iteration 70 1.00 0.010 1000
+ 910 Population*Crossover*Mutation*Iteration_80 0.75 0.001 800
- 910 Population*Crossover*Mutation*Iteration_80 0.75 0.001 1000
- 910 Population*Crossover*Mutation*Iteration_80 0.75 0.010 800
+ 910 Population*Crossover*Mutation*Iteration_80 0.75 0.010 1000
- 910 Population*Crossover*Mutation*Iteration_80 1.00 0.001 800
+ 910 Population* Crossover*Mutation*Iteration_80 1.00 0.001 1000
+ 910 Population* Crossover*Mutation*Iteration 80 1.00 0.010 800
- 910 Population*Crossover*Mutation*Iteration_80 1.00 0.010 1000
- 1172 Population*Crossover*Mutation*Iteration_90 0.75 0.001 800
+ 1172 Population* Crossover*Mutation*Iteration 90 0.75 0.001 1000
+ 1172 Population* Crossover*Mutation*Iteration_90 0.75 0.010 800
- 1172 Population*Crossover*Mutation*Iteration_90 0.75 0.010 1000
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+ 1172 Population*Crossover*Mutation*Iteration_90 1.00 0.001 800
- 1172 Population*Crossover*Mutation*Iteration_90 1.00 0.001 1000
- 1172 Population*Crossover*Mutation*Iteration_90 1.00 0.010 800
+ 1172 Population*Crossover*Mutation*Iteration_90 1.00 0.010 1000
+ 42 Population*Crossover*Mutation*Iteration_100 0.75 0.001 800

- 42 Population*Crossover*Mutation*Iteration_100 0.75 0.001 1000
- 42 Population*Crossover*Mutation*Iteration 100 0.75 0.010 800

+ 42 Population*Crossover*Mutation*Iteration 100 0.75 0.010 1000
- 42 Population*Crossover*Mutation*Iteration 100 1.00 0.001 800

+ 42 Population*Crossover*Mutation*Iteration 100 1.00 0.001 1000
+ 42 Population*Crossover*Mutation*Iteration 100 1.00 0.010 800

- 42 Population*Crossover*Mutation*Iteration_100 1.00 0.010 1000
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