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Projektiranje oborinskih i sanitarnih sustava odvodnje temelji se prvenstveno na
odluci o mrežnom sustavu i na hidrauličkim proračunima za cijevi koje će se koristiti u
mreži. U radu se analizira genetski algoritam baziran na hidrauličkoj optimizaciji kako
bi se postigli najniži troškovi te najprikladniji promjeri cijevi i najpovoljnije vrijednosti
uzdužnog nagiba. Predlaže se novi algoritam za provedbu mutacije, nazvan "metoda
dinamičke mutacije", kako bi se smanjio broj ispitivanja parametara genetskog
algoritma, što se naročito odnosi na brzinu mutacije, te postigla optimalna vrijednost
u što kraćem razdoblju.
Ključne riječi:
genetski algoritam, mreže oborinsko-sanitarne odvodnje, optimizacija, hidrauličko projektiranje
Vorherige Mitteilung

Tulin Cetin, Mehmet Ali Yurdusev

Genetischer Algorithmus für Netzwerke mit dynamischer Mutation
In der Arbeit kommt ein genetischer Algorithmus zur Anwendung, der auf einer
hydraulischen Optimierung beruht, um das günstigste Kostenverhältnis zu
erreichen, den angemessensten Rohrdurchmesser und die günstigsten Werte der
Längsneigung zu ermitteln. Es wird ein neuer Algorithmus zur Umsetzung der
Mutation bzw. die „Methode der dynamischen Mutation“ vorgeschlagen, um die Zahl
der Untersuchungen der Parameter des genetischen Algorithmus zu reduzieren,
was sich in erster Linie auf die Geschwindigkeit der Mutation bezieht, sowie zur
Ermittlung von optimalen Werten.
Schlüsselwörter:
genetischer Algorithmus, Entwässerungsnetzwerke, Optimierung, hydraulische Planung
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1. Introduction
Sewer and urban stormwater drainage systems that directly
affect public health and safety rank among important fields
of civil engineering [1]. Building a new network is costly and
also quite disturbing for the inhabitants. The complexity of the
design, and operations to decrease the costs, have led to the
use of various infrastructure-design optimization techniques.
Urban stormwater and sewer systems consist of manholes and
pipes connecting manholes designed as network. The design
of stormwater and sewer systems can be investigated in two
phases: deciding about the network system (the plan) and
hydraulic design of pipes in the network [2-7], which includes
calculating flows, velocities, pipe diameters, slopes and burying
depths, and placing ancillary facilities.
The main purpose of the infrastructure systems is to take the
flow to the discharge point by means of pipes and ancillary
facilities. This is achieved by engineering experience. However
there are many restrictions on the system, and the adoption
of different values for each choice results in generation of
different costs. Therefore, the purpose of the system cannot
only be to ensure the flow. The system design is expected
to provide an appropriate solution at the lowest cost. This
obviously requires the use of optimization techniques together
with traditional methods. Many researchers have used various
optimization methods for hydraulic optimization, including
genetic algorithms. A genetic algorithm based on obtaining the
lowest cost with several trials enables us to reach the necessary
solution by finding a global optimum minimum or maximum
value.
Siriwardene and Perera, [8] studied the effect of parameters
used in a genetic algorithm for hydraulic optimization. Afshar
[9] and Pianese et al. [10] used a genetic algorithm aimed
at hydraulic optimization. Brand and Ostfeld [11] focused
on using a genetic algorithm for hydraulic optimization and
sewage treatment optimization. Afshar [12] offered using the
rebirthing technique because of difficulties in discrete coding of
continuous parameters. Haghighi and Bakhshipour [13] used
the "Adaptive Binary Genetic Algorithm" to avoid using penalty
value for genetic algorithm in hydraulic optimization. Cimorelli
et al. [14] used genetic algorithm for both network and hydraulic
design. Ogidan and Giacomoni [15], Zimmer et al. [16], Afshar et
al. [17], and Beraud et al. [18], also used genetic algorithm for
optimization.
Some researchers used only genetic algorithm, while other
researchers used it in the scope of hybrid algorithms. Weng
et al. [2], and Weng and Liaw [3], used the "Sewer System
Optimization Model for Layout and Hydraulics GA/SSOM/LH" for
both network and hydraulic design, which is a combined model
with a genetic algorithm. The SSOM or the "0-1 Mixed Integer
Programming" method, and "Bounded Implicit Enumeration
(BIE)" method, are used for size and slope calculations. Weng
et al. [2], Weng and Liaw [3], and Guo et al. [19], used "cellular
automata" (CA), an optimization technique depending on
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organizing neighbourhood relationships, the results of which
are used as input in genetic algorithm. Their objective was to
decrease computing time by ensuring a high quality generation
for genetic algorithm. Pan and Kao [20] developed a hybrid
method for waste water network design in which they used
the second degree programming, a mathematical method as an
internal solver, while genetic algorithm was used as an external
solver (QP-GA model). Rohani and Afshar [21] and Liang et al.
[22] also used genetic algorithm along with other algorithms.
In this study, hydraulic optimization is performed using a
genetic algorithm to achieve the lowest costs and to obtain the
most appropriate pipe diameter and slope values. While doing
so, different genetic algorithm parameters are tested and a new
algorithm for mutation operation is proposed.

2. Hydraulic design of stormwater and sewage
systems
The flow coming inside the pipe should first be calculated in the
scope of hydraulic calculations. This flow is mainly based on the
water used for sewage systems, and the rainfall for stormwater
systems. Flow calculations are beyond the scope of this study,
and it is accepted in the study that the flow is known at the
beginning.
Hydraulic calculations of stormwater and sewage systems are
performed based on the open-channel hydraulic principles.
First of all, the velocity calculation assuming the pipe is full
is performed and then the full flow is calculated [23]. The
continuity equation is then expressed as follows:
QD = VD · A

(1)

where QD is the full flow, VD is the velocity of full flow, and A is
the cross sectional area of the pipe.
Several formulas are used in literature to calculate the
velocity of full flow in pipes. Some of them are the formulas
proposed by Manning, Kutter, Prandtl-Colebrook, HazenWilliams, and Darcy-Weisbach. ASCE [24] recommends
the use of the Darcy-Weisbach equation for open-channel
resistance, while Liou [25] discourages the use of the HazenWilliams equation. Even though, according to literature,
most researchers prefer the Manning formula [11-14, 1922, 26], all velocity formulas mentioned above are taken into
consideration in this study. Thus the following formulas were
used:
Manning:

Kutter:

Prandtl-Colebrook:

(2)

		

(3)

(4)
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Hazen-Williams: VD = 0,849ChwR0,63J0,54		
Darcy-Weisbach:

[27]

(5)
(6)

Parameters used in the above formulas are:
VD - Velocity at full flow [m/s]
R - Hydraulic radius [m]
D - Diameter [m]
J
- Slope
A - Cross sectional area of the pipe [m2]
Q - Flow inside the pipe [m3/s]
n - Manning roughness coefficient [s/m1/3]
m - Kutter roughness
n - Kinematic viscosity [m2/s]
k
- Prandtl-Colebrook roughness coefficient [m]
g - Gravitational acceleration [m2/s]
Chw - Hazen-Williams friction coefficient
e
- Darcy-Weisbach roughness height [m].
Diameters and flows are calculated with using one of these
velocity formulas [28].

3. Optimization of hydraulic calculations

studies without any restrictions and any assumptions specific
to any project.
The genetic algorithm is a searching an optimization technique
depending on natural selection. Having performed cross and
mutation operations on the population of N chromosomes,
a new generation is obtained. The general diagram of genetic
algorithm is shown in Figure 1.
An optimal solution is investigated by comparing total cost of
the system. Formulas listed below are used for calculating the
construction cost of storm water and sewage projects:
Total pipe cost =

(9)

Total manhole cost =
=

(10)

Total burying cost =
=

(11)

Total network cost = Total pipe cost
+ total manhole cost
+ total burying cost

(12)
A computer program has been developed for hydraulic
optimization based on genetic algorithm. Inputs to this program
where N is the total number of lines in the network, Li is the
are the information about manholes and pipes between
manholes, consisting of main characteristics of storm-sewer
distance between neighbouring manholes, Mpipe is the unit price
networks, such as elevation levels, lengths, flows and discharge
per meter of a pipe, Mmanhole_to_depth is the unit price per a depth
points, pipe types, diameters allowed to be used on the project,
meter of a manhole, havg_pipe_i is the average buried depth of each
allowable minimum and maximum slopes, minimum and
line, havg_manhole_i is the average buried depth of each manhole,
maximum burying depths and flow rates for each diameter, data
Mburying is the unit price per a depth meter of burying. As can
about manholes, quantities necessary for estimation, and also
be seen from Equation 12, the total network cost covers only
cost values for each issue in the project
[29]. Network optimization, or manhole
distribution, are not the main point of
this study. So the network design and
manhole distribution have been taken
from real projects. It is assumed that
the pipe layout and flow rate are known.
The goal is to choose dimension of pipes
between manholes for individual burying
depths.
All characteristics of storm-sewer
networks are not taken as constant, but
are rather taken from the project itself.
So the program can handle all values of
real storm-sewer projects.
In addition to topographic conditions
required for the use of pumping stations,
all kinds of other topographic conditions,
such as steeper slopes or very flat
terrain, are also taken into consideration.
This provides the opportunity for the
program to be applied to any real case
Figure 1. General diagram of genetic algorithm
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the pipe, manhole and burying costs. The total cost of ancillary
facilities that may be used in the system is not included in the
calculated total cost as shown in [5, 30-34]. In this paper, it was
adopted that there are no ancillary facilities such as pumping
stations, stormwater overflows, retarding basins, etc. If it these
facilities were included, the related costs would be added to the
total network cost. However, the aim in this paper is to find the
optimum pipe diameter and the optimum slope as in [5, 30-34],
without the effect of other facilities.
Two main elements directly affecting the cost are the pipe
diameter and the quantity of excavation that is defined as
burying depth. The burying depth is defined by the slope of
the pipe. For this reason, the pipe diameter (D) and the slope
(S) are used as parameters for hydraulic optimization. D and S
are generated randomly as binary values in the program with
different lengths depending on allowable values used in the
projects for each chromosome. Therefore, different accuracy
was obtained for each parameter.
The string-length of the binary value of pipe diameters (D) is
determined with the total number of usable pipe diameters.
For example, if allowable pipe diameters of the project involve
10 (D) different values such as 200, 300, 400, 600, 800, 1000,
1200, 1400, 1600 and 1800 mm., 4-bits are used for binary
representation of diameters.
The string-length of the binary value of slopes (S) is determined
with the difference value of allowable minimum and maximum
slope values of allowable diameters. For example, if 1/300 and
1/8 (1/S) for the pipe with a diameter of 200 mm and 1/3000
and 1/75 (1/S) for the pipe with a diameter of 1800 mm are
the minimum and maximum allowable slope values, this means
that 3000-8=2992 (S) different slope values could be in the
project which tends to use 12-bits for binary representation of
slopes.
Binary values of diameters and slopes are decoded to real
values as follows:
(7)
(8)

where Dmin is the minimum diameter value of allowable pipe
diameters, Dmax is the maximum diameter value of allowable
pipe diameters, Drandom is the real number value of randomly
generated diameter, Dcalc is the pipe diameter calculated from
randomly generated diameter values, Smin is the minimum
allowable slope value of calculated diameter Dcalc, Smax is the
maximum allowable slope value of calculated diameter Dcalc,
Srandom is the real number value of randomly generated slope,
and Scalc is the slope value calculated from randomly generated
slope values.
Random values of the pipe diameter and the slope are checked
before calculations to eliminate values ending with improper
solutions, and to reduce the calculation time known as
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adaptive strategy [13, 20]. For example, the pipe diameter of
the downstream line cannot be less than the upstream lines at
each manhole. Also the elevation levels of upstream manholes
should be greater than the downstream manholes unless using
pumping stations. However, it has been agreed that there is no
need to use pumping station in this study.
After having obtained random diameters and slope values, the
velocity in each pipe is calculated with the velocity formula
chosen between Manning, Kutter, Prandtl-Colebrook, HazenWilliams or Darcy-Weisbach formulas. According to the formula
chosen and the pipe type that will be used in the project, the
necessary pipe coefficient is determined according to the
allowable minimum and maximum velocity values (Vmin and
Vmax). The flow rate is compared with the allowed flow rate
of the diameter used, while the calculated velocity value is
compared with the allowable minimum and maximum velocity
values. If the flow rate and maximum velocity criteria are not
satisfied, calculation is repeated with the next diameter value.
If minimum velocity criteria are not satisfied, the calculation is
repeated with a greater slope value.
Burying depths and crown elevation levels are calculated with
the obtained diameter and slope values. Burying depths are
compared with the allowable minimum and maximum depths
and the slope of lines whose depth criteria are not satisfied are
changed.
Randomly generated values are replaced with the adapted
diameter and slope values according to criteria requiring
elimination of values ending with improper solutions.

4. Application of genetic algorithm
Having performed hydraulic calculation, genetic algorithm
search is undertaken with initial population, as shown in Figure
1. Genetic algorithm parameters such as population size,
comparison values for tournament selection algorithm, elitism
rates, crossover methods, crossover rates, and mutation rates,
are taken alternatively from selected values. Total cost of each
chromosome is calculated with the formulas given below.
There are several methods for selection of parents in a genetic
algorithm. Some of them are the tournament selection,
roulette wheel, linear ranking, and proportionate selection.
Goldberg and Deb [35] state that no selection method is
superior to others. Therefore, the tournament selection
method is preferred in the program. Tournament selection
is randomly picking a small subset of chromosomes, two or
three as tournament number, from the mating pool and then
making a "tournament". The "tournament" is generating a
random value between 0 and 1 for each subset and comparing
this random value with a special value as a tournament ratio.
If the random value is less than the tournament ratio, the
first chromosome is chosen as the selected parent. If the
random value is greater than the tournament ratio, the
second chromosome is chosen. The tournament repeats for
every parent needed [36].
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In the program, uniform, single-point and double-point
algorithms [36] are used for crossover operations. The selected
crossover algorithm is used for both diameter and slope
chromosomes according to their own bit-length.
Mutation operation is performed by considering the opposite
of the binary number in the chromosome. In this study, the
bit number that is to go through the mutation operation in the
chromosome is defined randomly. That is applied differently for
each diameter and slope values. During the genetic algorithm
operation, mutation rate can be taken as constant [8, 9, 20,
36, 37] or variable, i.e. linearly increasing from a value [36, 37]
or linearly decreasing from a value [13, 36, 37]. Choosing a
constant mutation rate depends on trials as in choosing other
genetic algorithm parameters. It takes too much time to find
which mutation rate is the optimum one, while there are still
many more trials to be performed for other genetic algorithm
parameters. To reduce the number of trials especially for
mutation rates and to obtain the optimum value in a shorter
period of time, the dynamic mutation rate method is proposed
in this study.
A minimum and a maximum mutation rates are chosen as
control mutation rates. When the program starts, a minimum
mutation rate is accepted as the applicable mutation rate. At
each generation calculations, the most proper cost value is
compared with the previous proper cost value. If there is only 1 %
or less of change in the cost value at adjacent 50 generations, the
applicable mutation rate is increased by 1 %. If the cost value at
any generation is changed by more than 1 %, the 50 generations
control interval starts from the beginning and the applicable
mutation rate is decreased by 1 %. The mutation rate can be
increased till the maximum mutation rate value, while it can be
decreased till the minimum mutation rate by the value of 1 % [29].
All operations are repeated for the total generation number
which is a program parameter. At the beginning of the study,
the generation number is tried as 2000 and more. It has been
observed that more than 1000 generations have no serious
effect on the optimum value. Therefore, the generation number
has been adopted as 1000 for all trials.

maximum slope values are also taken from the original project
and given in Table 1. The velocity formula used is PrandtlColebrook, and the minimum and maximum allowable velocity
values (Vmin and Vmax) are 0.50 m/s and 5 m/s, respectively.

Figure 2. Network used for program testing
Table 1. Pipe diameters and allowed slope values
Diameter [mm]

Minimum slope (1/)

Maximum slope (1/)

f 500

500

15

5. Case study

f 600

500

15

f 700

1000

50

To test the program, the stormwater network taken from a
real project is used in hydraulic optimization. The real project
was prepared using an appropriate software. The software
used does not have any optimization procedure. So the real
project was designed based on engineering experience only,
as mentioned in Guo et al. [38]. The cost obtained in the real
project is compared with the cost value result obtained using
the hydraulic optimization program.
The stormwater network used is 15,318 m long and it has
193 intersection points and 192 lines. A schematic view of the
network is given in Figure 2.
The flow values in lines are taken from the original project.
Commercial pipe diameters and allowable minimum and

f 800

1000

50

f 1000

3000

75

f 1200

3000

75

f 1400

3000

75

f 1600

3000

75

f 1800

3000

75

f 2000

3000

75

f 2200

3000

75

f 2400

3000

75

f 2600

3000

75

f 2800

3000

75
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The original cost value obtained without any optimization
technique is 2.913.750,00 EUR.
Different values for each genetic algorithm parameter are
tried in this study, as shown in Table 2. The genetic algorithm
parameters are 60, 80, 100, 120 and 140 for population size, 1
%, 3 %, 5 % and 10 % for elitism rate, 0,5 and 0,75 for tournament
rate, uniform, single-point and double-points algorithms for
crossover operation, 30 %, 50 %, 70 % and 90 % for crossover
rates, and 1 %, 2 %, 3 %, 5 %, 7 % and 10 % for mutation rates.
Also, the dynamic mutation rate is taken into account as
described earlier, with the minimum mutation rate of 1 % and
the maximum mutation rate of 11 %, 1 % increase in mutation
rate, 50 generations for 1 % or less change in the cost value.
To compare the results of the dynamic mutation rate value
and other mutation rate values, the optimum mutation rate
obtained from trials is not considered when taking the minimum
and the maximum mutation rate values as 1 % and 11 %.

algorithm as crossover method, 50 % as crossover rate, and 7 %
as mutation rate.

Figure 3. Population size comparison

Table 2. Genetic algorithm parameters used for hydraulic optimization
Generation number

1000

Ending

After all population

Bit number

According to different diameter and
slope values

Population size

60, 80, 100, 120, 140

Elitism rate

1 %, 3 %, 5 %, 10 %

Selecting parents

Tournament

Tournament rate

0,5; 0,75

Tournament number

2

Cross method

Uniform, single point, double points

Uniform

Each bit to offspring1 or offspring2
according to a random number

Single point

Cutting at a random number

Double points

Cutting at two random numbers

Cross rate

30 %, 50 %, 70 %, 90 %

Mutation rate

1 %, 2 %, 3 %, 5 %, 7 %, 10 %

Dynamic mutation rate

Difference in cost value at adjacent
monotonous generations < 1 %

After realisation of all trial combinations, it can be observed that
the following represents an optimum solution for the project:
population size of 100 (Figure 3), elitism rate value of 1 % (Figure
4), tournament rate of 0.5 (Figure 5), single-point algorithm as
crossover method (Figure 6), crossover rate of 50 % (Figure 7),
and mutation rate of 7 % (Figure 8). Figures 3, 4, 5, 6, 7 and 8
show the difference between various values of the genetic
algorithm parameter. Taking into account the results from
these figures, genetic algorithm parameters other than those
mentioned at each figure are taken as optimum values obtained
after trials. For example, while trying different values (60, 80,
100, 120 and 140) for population size (Figure 3), optimum
values are taken for other genetic algorithm parameters such as
1 % as elitism rate value, 0.75 as tournament rate, single-point
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Figure 4. Comparison of elitism rate

Figure 5. Comparison of tournament rate

Figure 6. Comparison of crossover methods
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6. Results

Figure 7. Comparison of crossover rates

Figure 8. Comparison of mutation rates

The dynamic mutation rate and the optimum mutation rate
(7 %) are combined together as shown in Figure 9. The upper
lines in the figure show that the mutation rate has increased
by 1 %, while the lower lines show that the mutation rate has
decreased at that point by 1 %.

The cost obtained by means of hydraulic optimization is
2.762.534,00 EUR while the original project cost obtained
without any optimization is 2.913.750,00 EUR. This shows that
approximately 5,5 % savings were realized by integrating the
optimization procedure in hydraulic calculation.
Trials on different genetic algorithms for the sample project
have shown that values suitable for the project are: population
size 100, elitism rate 1 %, tournament rate 75 %, single-point
algorithm as crossover method, 50 % crossover rate, and 7 %
mutation rate. Both results are very similar to each other.
Even though the 7 % mutation rate results are slightly better
compared to the dynamic mutation results, it is clear that
more than one trial should be performed to obtain an optimum
mutation rate. Therefore, it seems that the dynamic mutation
rate is more effective.
The quantitative values obtained by hydraulic optimization
are compared with original values shown in Table 3. This table
shows that diameter values are decreasing. The maximum
diameter is f1800 with optimization, while it is f2000 without
optimization (for 2 km). The difference column at the right of
this table has been subsequently added to the table. The values
with + show an increase in the use of this diameter, whereas
the values with – show a decrease in the use of this diameter in
hydraulic optimization.
Almost 85,300 m3 of excavation are specified in the original
project, while 500 m3 less figure in the optimization results.
According to the unit-cost values of this project, the optimization
program relies on decreasing diameters to achieve an optimum
solution. Consequently, smaller savings are made in excavation,
as compared to savings in diameter. In addition, there is no
difference in elevation levels at the discharge point, which
means that the project is applicable.
Table 3. Comparison of results with and without optimization
Diameter
[mm]

Length without
optimization
[m]

Length with
optimization
[m]

Difference
[m]

f 500

9.107

9.498

391

f 600

792

1.160

368

Figure 9. 
Comparison of constant mutation rate and dynamic
mutation rate

f 700

247

0

-247

f 800

1.502

1.013

-489

Even though the 7 % mutation rate is somewhat better compared
to the dynamic mutation rate, it is obvious that more trials are
needed to find the optimum mutation rate. As can be seen in
Figure 9, the results are similar to each other. All mutation rate
values of 1 %, 2 %, 3 %, 5 %, 7 % and 10 % have been tried (1 solution
from 6 trials) to find the optimum mutation rate of 7 %. On the
other hand, only one trial for mutation rate is sufficient to get the
optimum solution by using the dynamic mutation rate. So it is
obvious that it is more suitable to use the dynamic mutation rate
method instead of trying different mutation rate values.

f 1000

827

126

-701

f 1200

303

451

148

f 400

160

730

570

f 1600

95

0

-95

f 1800

298

2.340

2.042

f 2000

1.987

0

-1.987

Total

15.318

15.318
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7. Conclusion
The best way to obtain an optimum cost of a sewage / storm
water project is to use an optimization algorithm, instead
of trying too many alternatives. In this study, an algorithm is
created for optimization of the sewage / storm water hydraulic
design using a genetic algorithm. The genetic algorithm, aimed
at obtaining the best chromosome and passing its genes
through to the next generation, is chosen as an optimization
method for hydraulic design. Instead of using any of genetic
algorithm tools for trying different algorithms, the flexibility has
been increased by developing a new computer program.
All necessary characteristics of storm-sewer networks have
been taken into consideration. These characteristics include
elevation levels, lengths, flows and discharge points, pipe
types, diameters allowed to be used in the project, allowable
minimum and maximum slopes, minimum and maximum
burying depths and flow rates for each diameter, data about
manholes, quantities necessary for estimation, cost values for
each issue in the project, and the flow velocity formula preferred
by governmental offices. Therefore, the program developed in
this respect can be used for all storm-sewer projects without
requiring any change to the algorithm.
Pipe diameters and slope values are main inputs to the algorithm
developed for hydraulic optimization. These values are defined
randomly. To reduce calculation time of the program, random
values of the pipe diameter and the slope have been checked prior
to calculations to eliminate values that would lead to improper
solutions. The optimum pipe diameters and slope values have
been obtained using cost formulas specifically adjusted to the
project. The developed program has been implemented on a
real project solved without optimization. Different methods and
values have been tried for genetic algorithm parameters such
as the population size, comparison values for the tournament
selection algorithm, elitism rates, crossover methods, crossover
rates, and mutation rates during optimization operations.
The genetic algorithm parameters are 60, 80, 100, 120 and 140
for population sizes, 1 %, 3 %, 5 % and 10 % for elitism rate, 2 for
tournament number, 0.5 and 0.75 for tournament rate, uniform,
single-point and double-points algorithms for crossover
operation, 30 %, 50 %, 70 % and 90 % for crossover rates, and 1

Tulin Cetin, Mehmet Ali Yurdusev
%, 2 %, 3 %, 5 %, 7 % and 10 % for mutation rates. To reduce the
number of trials, especially for mutation rates, and to obtain an
optimum mutation rate value in a shorter period of time, a new
method called the "dynamic mutation rate method" is proposed
in this study.
The use of dynamic mutation rate is investigated in this study as
compared to the constant mutation rate and linearly increasing
or decreasing mutation rate, as used in other similar studies.
Minimum and maximum mutation rates have been selected
as control mutation rates. During calculations related to each
generation, the most proper cost value is compared with the
previous proper cost value. If there is only 1 % or less change
in the cost value at adjacent 50 generations, the mutation rate
used is increased by 1 %. If the cost value at any generation is
changed by more than 1 %, the 50 generations control interval
starts from the beginning and the mutation rate is decreased
by 1 %.
After all, the most optimum genetic algorithm parameters
have been chosen for the project: 100 as population size, 1 %
as elitism rate value, 0.75 as tournament rate, single-point
algorithm as crossover method, 50 % as crossover rate, and 7 %
as mutation rate. Also, it can be seen from the results that the
use of the dynamic mutation rate is effective for obtaining the
most optimum genetic algorithm parameters and an optimum
solution.
The results of this study show that the cost value obtained
with the developed program is lower than the original cost
value, which means the algorithm developed has been proven
successful. One of the advantages of the developed algorithm
is that it can be used for all project conditions, without any
restrictions and assumptions specific to a project.
As a result, the algorithm developed in this study has been
found to be successful, and can therefore be applied to any case
study.
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