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ABSTRACT
This study discusses the results of modified Vehicle Routing Problem calculation using
Hybrid Genetic Algorithm (HGA). It is shown that by modifying the Genetic Algorithm can
provide good and effective solution. The results obtained were compared with the Standard
Genetic Algorithm (SGA) and Modified Genetic Algorithm (MGA) to various problems the
size of the node. For medium number of nodes (scenario 2) MGA get good results, but the
resulting solution in the case of a small number of nodes that actually leads to local optima.
However, it can be determined that the HGA is better than SGA and MGA. It could be
argued that all three models of the genetic algorithm is an effective algorithm, if used in the

right conditions.

Key words: Node, VRP, SGA, MGA, HGA, FLC Model,

1. INTRODUCTION

Increasing the efficiency of the transportation
system can be done to maximize the utility of
existing transportation. To reduce transport
costs and to improve service to customers,
is necessary to find the best path or route of
transportation, which can minimize the
distance and time, without prejudice to the
vehicle carrying capacity. Problems which
aims to create an optimal route, for a group
of vehicles, in order to serve a number of
customers referred to as the problem
Vehicle Routing Problem (VRP).

The Genetic Algorithm has the ability to do
global search a wider compared with other
meta-heuristic algorithms and is one that is
flexible, so it can be applied to various types
of problems as well as in combination with
other methods (hybrid). In the VRP
problems, including the development of the
algorithm is to modify the number of steps
on a genetic algorithm, or by combining it
with local search or other methods for meta-
heuristics can produce better performance.
One application is a hybrid between genetic
algorithm to determine the value of the
parameters that can provide an optimal
solution, by combining (hybrid) genetic
algorithm with fuzzy logic controller to

perform automatic fine-tuning of the genetic
algorithm parameter values so hopefully
obtain more results close to optimal.

Fuzzy logic provides a simple way to
illustrate the definitive conclusions from the
information that is ambiguous, vagues, or
inaccurate. Fuzzy logic offers some unigue
characteristics that make it a good choice for
many control problems. These
characteristics include the concept is easy to
understand, very flexible, can tolerate less
precise data, and be able to model complex
nonlinear functions.

Although each method promises a good
solution and optimal yet not known for
certain about the advantages and
disadvantages of each method in genetic
algorithm, as well as which method is
superior, especially for genetic algorithm and
method development when used in the case
of VRP. Guided by problems that made this
study to search for solutions VRP with 3
variations of genetic algorithms, namely
standard genetic algorithm, modified genetic
algorithm and hybrid genetic algorithm using
fuzzy logic controller, and then analyzed the
genetic algorithms type are most suitable for
use to solve VRP.
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2. FORMULATION MODEL

This study focused on modeling VRP and
their modifications into the GA method
consisting of the standard genetic algorithm,
modified genetic algorithm and hybrid
genetic algorithm using fuzzy logic controller.
From the results of this study can be known
which of the three types of methods that can
produce the best solution, both from the
acquisition of an optimal solution and time
calculations.

2.1. Model Assumptions

a. Single depot problem

b. Shortest distance problems with the track
conditions and vehicle capacity are
considered equal.

c. Time windows are not considered

d. Crossover probability value used is 0.65
(the value used generally ranged from
0.65 to 0.85).

e. Mutation probability value used was 0.6
(generally for the best results ranged
from 0.2 t0 0.7)

f. In the hybrid genetic algorithm, making
the controller to change the parameters
in the current and next generation using
fuzzy decision table.

g. Initial population of randomly generated

h. The number of generations was made 10
times for each method

i. Split delivery is not allowed.

j- All the line are considered 2-way, always
available, and congestion or technical
barriers are ignored

k. Vehicles are
(homogenous).

l.  All costs are considered fixed

m. distance of node i to node j = distance of
node j to node i.

n. Deterministic Demand and fixed at each
visit

0. Range of Cooling Ratio (u) is between 0
and 1. In this study the value of cooling
ratio used was 0.999.

p. Initial Different degree is assumed 0.6

considered similar

2.2.VRP procedures with Fuzzy Logic
Controller (Hybrid Genetic Algorithm)

The procedure of the hybrid genetic

algorithm is as follows:

1. Set Initialization.

2. Crossover.

3. Mutation

4. Apply 2-Opt. methods and smoothing
methods on offspring.

5. The establishment of new population

6. Determine the GA parameter values for
the next iteration by using Fuzzy Logic
Controller (FLC)

7. Termination Test

8. Determine the best solution

2.3. The 2-opt Algorithm and Smoothing
Method

a. The 2-opt Algorithm.

A good tour is if there is no cross in it. The
principle of this method is to remove the two
trajectories intersect, and outlines the tour
into two paths in another way such that no
intersection occurs. The algorithm can be
described as follows:

Step 1.

Select a city-i to any city-i = 1,2, ..., n ; where
n is the number of cities.

Step 2:

For example, "a" is the currently selected
city, check whether there's a cross between
a track formed of the city "a" to the city "b"
where, "b" is the city that comes after "a" to
any track. Parameters are crossing a tour
can be described as follows: we let the city
"a" is the currently selected city, next(a) is
the city came after a city tour in the
sequence. And if "b" any different city of the
city "a" and the next(a). The tour can now be
fixed with the following conditions:

d(a, next(a)) + d(b, next(b)) > d(next(a),
next(b)) + d(a,b).

Furthermore, a new arc is (next (a), next (b)
and (a, b) as shown in Figure 1.

Figure 1. Elimination of intersection with the
2-opt algorithm

b. Smoothing Algorithm

Smoothing algorithm is used to remove the
sharpness that occurs in the tour formed
after initialization or after crossover. The
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description of the smoothing algorithm is as
follows:

Step 1:

Make a list of the nearest city pair (near list)
for each city

Step 2:

Checks for each city on the tour is going
sharpness. The sharpness parameter can be
formulated as follows: for example, the
distance d (i, j) represents the distance from
city i to j. And also, if the city "a" is a city that
is being checked, "b" is the city closest to the
"a" and "c" is a neighbor with a "b" too close
to "a". Parameter presence of sharpness in
the tour are the following conditions:

d( prev(a),a) + d(a,next(a)) + d(b,d) > d(b,a)
+ d(a,c) + d( prev(a),next(a))

where, prev (a) and next (a) is the town
before and after the city "a" in the tour
sequence.

Step 3.

If the condition in step 2 is met, do
smoothing by changing the trajectory of the
tour. If the trajectory of L (prev (a), a), L (a,
next (a)), L (b, a) is a trajectory that is
formed from the city that is being executed.
Change the path so that it becomes L (b, a),
L (a, c) and L (prev (a), next (a)). Result of

(@)

smoothing algorithm can be seen in Figure
2.

3. MODEL IMPLEMENTATION

Genetic algorithm is a heuristic and
evolutionary improvement, then the solution
is necessary initialization, in case this is a
form of VRP initial population as a place to
start the search for solutions. The
composition of random numbers represent
the order of the route taken by a vehicle
which then calculated the fitness of each
chromosome. In this study the application of
the model performed on two scenarios, and
three models of genetic algorithms. So that
each scenario and model of genetic
algorithm requires a different population
initialization.

3.1. Data Collection

a. The distance between the depot and
nodes

Matrix distance between the depot and

nodes as well as node and the nodes on the

complete 1% scenario can be seen in Table 3

and Table 4 for 2" scenario.

(b)

Figure 2. Tour before and after smoothing

Table 3. Nodes Distance Scenario 1

FROM/TO| 1 2 3 4 5 6 7 8 9
DEPOT 14 7 13 12 5 2 7 9 10
1 - 15 15 16 6 12 12 15 7
2 - 6 11 9 3 7 10 12
3 - 11 9 7 7 10 12
4 - 10 8 8 4 23
5 6 6 9 13

6 - 4 7 9

7 - 7 5
8 - 12

9 -
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Table 4. Nodes Distance Scenario 2

FROM/TO| 1 2 3 4 5 6 7 8 9 10 (11|12 (13 (14 (15|16 |17 (18 (19| 20| 21 (22 (23 | 24 | 25
DEPOT 3 4 3 2 5 9 5 4 5 8 8 4 8 13 13 16 8 14 12 10 11 17 17 17 19
1 - 7 6 3 4 4 5 7 8 9 10 7 9 10 | 10 [ 13 7 13 14 15 17 19 14 18 20
2 - 6 6 11 | 10 2 3 5 11 12 11 14 19 | 18 [ 18 7 6 5 4 5 12 19 10 13
3 - 3 8 17 | 10 5 3 4 4 3 8 17 19 21 18 18 18 13 11 12 13 20 21
4 - 3 14 7 6 8 9 8 3 5 12 | 14 | 18 | 14 | 18 | 17 13 16 16 13 20 23
5 - 14 [ 15 | 14 | 15 16 | 13 5 3 4 8 16 | 16 [ 18 | 19 19 19 | 23 9 23 27
6 - 6 15 | 17 18 22 18 18 11 4 3 3 7 9 18 19 24 21 18 21
7 - 6 8 17 | 19 13 17 17 | 16 | 14 5 5 5 6 7 16 | 20 7 17
8 - 2 6 8 7 13 18 | 19 [ 19 | 13 13 10 5 4 7 18 17 18
9 - 3 5 5 13 19 21 21 18 18 17 11 7 6 18 18 18
10 - 2 5 11 19 | 23 [ 22 | 21 | 22 | 20 17 15 10 15 22 22
11 - 5 8 19 | 22 [ 24 | 22 | 23 | 22 19 18 17 12 24 24
12 - 4 13 18 19 18 19 18 17 17 17 6 22 23
13 6 17 119 (19| 22 | 21 20 [ 20 [ 21 4 24 27
14 6 9 15 [ 20 | 21 21 22 | 24 13 24 27
15 2 8 17 18 20 21 25 19 21 25
16 6 17 | 18 20 | 21 26 | 23 20 25
17 4 6 12 13 [ 21 23 11 18
18 3 6 [ 12 20] 25| 5 12
19 4 5 18 25 3 7
20 2 8 24 5 6
21 5 21 10 9
22 21 18 16
23 27 29
24 4
25 -
b. Demand for Each Nodes minimum. Given the capacity of the vehicle
Data demand at each node randomly in scenario 1 is at 140 units and the capacity

generated from 20 to 55 units for scenario 1,
and from 2 to 18 units for problems in
scenario 2. Data demand shown in Table 5.

Table 5. Scenario 1 and 2 Data Demand

NODE DEMAND
1 8
2 12
3 9
4 11
5 7
6 17
7 2
8 15
9 18
10 5
11 5
12 8
13 4
14 6
15 12
NODE DEMAND 16 2
1 30 17 12
2 40 18 13
3 50 19 13
4 35 20 2
5 55 21 4
6 20 22 6
7 45 23 8
8 40 24 12
9 25 25 2

c. The number, type, cost and capacity of
vehicles

In this study the type of vehicle used in each

scenario are assumed similar

(homogeneous) with the number of vehicles

available is unlimited. However, to obtain the

best solution, the number of vehicles used is

of the vehicle in scenario 2 is for 60 units.
The cost for both scenarios is the same and
consists of fixed costs and variable costs
that have assumed Rp per km.

d. Genetic Operator Parameters

Genetic Operator Parameters obtained by
random or refer to the related literature. The
parameters are as follows in Table 6.

Table 6. Genetic Operator Parameters for
each Scenarios

Scenario | Scenario

Parameters 1 5
Number of genes on
each chromosome 9 25
(Ng)
Number of Initial
Population (Np) 8 12
Probability of
Crossover (PX) 0.65 0.65
Probability of Mutation
(PM) 0.6 0.6
Number of 10 10
generations
e. Data supplement for Fuzzy Logic

Controller Model
Auxillary data consists of parameters which
are used to support the Modified Genetic
Algorithm (MGA) and a Hybrid Genetic
Algorithm (HGA) model calculation, are :
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— Final Difference-degree (Ds) =
0,5946

— Membership Function Graph, are
shown in Figure 3, 4, 5, 6, 7 and 8.

NR NL NM NS ZE PS PM PL PR

-4.0 3.0 20 -1.0 0 10 20 3.0 4.0

Figure 3. Membership Function for f(t-1) and
Af(t) Scenario 1

—0.1 —0.08 —0.06 —0.04 —0.02 v 0.02 004 006 008 0.1

Figure 4. Membership Function for output
Ac(t) Scenario 1

PM  PL

=0T 0L O0E 0006 0,004 —0.002 [‘? 0,002 0,004 0006 0,008 0001
Figure 5. Membership Function for output
Am(t) scenario 1

Fuzzy Decision Table can be shown in Table
7.

Table 7. Fuzzy Decision Table 1st and 2nd

scenarios
260 i (Af(t-1)
NR (-4) | NL (-3)| NM (-2) [NS (-1)[ZE (0)|PS (1)[PM (2) |PL (3)|PR (4)
NRE)| 4 | 3 3 222 -1]o0]o0
NL(-3)| -3 -3 -2 -2 1]-1] 0 0 1
wey| 3| 2] 2 [ a4 falof o |11
NSED| 2 | 2 | 1A ]o|o]| 1 ]1]2
j (Af(t))| ZE(0) | -2 -1 -1 0 2 1 1 2 2
sy -1 | -1 0 o [ 1|1 2213
PM(2)| -1 0 0 1 1] 2 2 3 3
PL3)| 0 0 1 1 |2 2] 3 ]3] 4
PRA) | 0 1 1 2 2 | 3 3 4 | 4
26 i (Bf(t-1)
NR (-20)| NL (-15) | NM (-10) |NS (-5)[ZE (0){PS (5)| PM (10) [PL (15) | PR (20)
NR@20)[ -0 | 15 | 45 | -0 |0 5| 5 | 0| 0
NEs) | -5 | 15 | -0 [ 0] 5] 5] o0 0| 5
NME0)| 15 | 10 | -0 | 5| 5] 0| o0 5 | 5
NS@E5) | 10 | 10| 5 | 5[0 o 5 5 | 10
Jfe)| zE@©) | -0 5 -5 0 |10 |5 | 5 | 10] 10
PS(5) | -5 5 0 0 | 5|5 10 ] 10] 15
PM@0) | -5 0 0 5 |5 |w0] 10| 5] 15
PL(15) | 0 0 5 5 |10]10] 15 | 15| 2
PR20)| 0 5 5 0 (105515 2]

H

NR NL NM NS ZE PS PM PL PR

-20.0 -15.0 -10.0 -5.0 0 5.0 100 15.0 20.0

Figure 6. Membership Function for f(t-1) and
Af(t) Scenario 2

—0.1 —0L08 —0.06 —0.04 —0.02 0 .02 004 D06 008 0.0

Figure 7. Membership Function for output
Ac(t) Scenario 2

=0, 01000800060, 004 0,002 [‘J QL0002 00002 0006 0008 0001
Figure 8. Membership Function for output
Am(t) scenario 2

3.2. Calculation
The VRP with Hybrid Genetic Algorithm
(HGA) calculations required number of
inputs as follows:

a. Initial Population and Fitness
Establishment of initial population begins
with the formation of chromosomes
consisting of genes that represent the
number of nodes. Chromosome formation is
done at random. Then the initial population
is generated by setting up a number of
chromosomes as the population size has
been determined and calculated fitness of
each chromosome. Initial population in the
first and second scenario is as follows in
Table 8 and Table 9:

Table 8.Initial Population 1% Scenario
CHROMOSOME FITNESS
5 %
106
108
122

102

102

93

O ||| |0 |WO

109

NO
1
2
3
4
5
6
7
8

o |lo|o|N|lo|s]|v]|o
vt v|lo|lo|vi|eo|lo o
wlwlw|o|lo|—|w|lw
N -3 BN SN NN F7 ) KV-3 RN
N ENC N KOV ENCR - W Y |

[NS3N KV-J FNCTN [P PN V-3 NG o)
o[ |lo|laolw]|lw|w|s
RV T, KS. 1 N VO F NS S P
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Table 9.Initial Population 2™ Scenario mutation is done by exchanging the value of
N CHROMOSOME mess| the two genes at random positions

1 4221317241025 7 191214 5 620 3 2123 8 16181511 2 9 383 .
10 6 1721 523111420 9 161522 8 19 125 7 18 3 4 122413 16| 374 d. Apply 2-opt method and the smoothlng

14152318 7 1720131619 9 2 5 324 8 212 1 4 621251011] 328 method of the offspring.

1

2

3

4 1131624159 4 110 7 19121122 3 621231425520 8 18 2 17[ 371 H H H
514171152013 9 724146 516 2 10 3 122211 8 192523 21 18] 282 Thls Step IS a procedure to repalr a tour on
6
7
8
9

15324198 1 521131623101118 7 2251720 4 12 2 6 14 9| 338 chromosome contained two populations
149 3127174 62415222 131125182319 1 51020 8 21 16] 371 awal terdapat tour improvement techniques
141523251624 913 219207 5 3178 2212 1 4 6 211810 11] 327 (local search) are used. The first is to adopt
8 61721 51511142018 22310227 125199 3 4 122413 16] 360 ) .

1019421187 17202516 2 6133 5 924 8231510 1 112214 12| 35 the 2-opt improvement methods to eliminate
11 (14 92511 717 419241822 2 1312 31521 6 1 51020 8 23 16| 361 the intersected arc. Further smoothing
12 (016111810 7 523221719131412 31521 6 1 424 2 8 9 25 369 method is used to eliminate sharpness in
order to obtain optimal results. For the case

b. Crossover _ _ of VRP in this study, to avoid the black hole
Crossover process using Partially Mapped 54 get stuck in local optima, then repairing
Crossover (PMX) with crossover probability the tour is done only on one route only in

Is 0.65. one chromosome, so for the exchange of

_ genes is only valid on the route (sub-
c. Mutation cromosom) selected only. Determination of
This process first randomly select a gene to sub-chromosome is randomly selected, and

be mutated. The method used is a  gyp.chromosome calculated based on the
Reciprocal Exchange Mutation, in which the rules of the vehicle capacity.

Table 10. The 2-opt result for 1st generation 1st scenario

Chosen | Random .
NO CHROMOSOME Node (a) | Node (b) Crossing| Chromosome After 2-opt
96 7/254/318 3 8 no |96 7/2 5 4|3 1 8
2 [8469]572[13 4 9 no |8 46 9]5 7 2|1 3

Table 11. The 2-opt result for 1st generation 2nd scenario

NO CHROMOSOME ;)ZZS?:) r:;:z:; Crossing| Chromosome After 2-opt

1 [t 4nB724114201916155 6]7 32123 2 121825[108 9] 2 1 | yes [t 413221117 241420191615 5 6]7 3 2123 2 1218 25[10 8 9
2 (6253087190416 8[9 1150183 41624132 15 18 | yes [11617215231025[7 19121416 8[9 1 015183 41624132
3 [ea1vnsnuluny 6062103229 8v53158 2 | 9 | o [4 1171253114247 620162 10[32029 81925231518
4 [8 6112120139 7 5182 23[102214172519 1[3 4 2241516] 14 1 no |8 611212013[9 7 5182 3[102214172519 1[3 4 12241516
5 [1415231116241013[181920 7 5 3 17212212 1 4 6[2 8 925 2 5 | ves [1415231116241013[181920 7 5 3 17212212 1 4 6[8 2 25 9
6 [0162518 9 4 s[3n17193141[3152 6 1 7f4ans10u] 135 6 | ves [01625189 4 5[3n1719131412[3 2 1156 7[42 81011

Table 12. The Smoothing method result for 1st generation on 1st scenario

NO CHROMOSOME Chosen | Nearest City | (¢) |(d) [Sharpness
Node (a) to a (b)
1 |96 7|25 4|3 18] 3 8 1|D no
8 46 9|57 2|1 3 6 depot 4|8 No
Table 13. The Smoothing method result for 1st generation on 2nd scenario
Chosen | Nearest City

NO CHROMOSOME Node (3) | toa b) (c) | (d) |Sharpness Chromosome After 2-opt
1 [1 428174114 01916155 6]7 321232 121825[108 9] 1 5 [6]5] yes |1 4213172411514 6 201816 5]7 3 2123 2 1218 25[10 8 9
2 (1672581057 19014168[9 1150183 4165241322 s 7 (1] 2] yes [tovas nu0s47 8069 1 5013 4164132
slespnsaulunrens2nzunyslwsnss u 2 [alt] yes puanys funrensarnzuny sfwsnss
4 (8 61nn00[9 7582024 BY 13 4 DUBH 6 3 |18 yes [B61BNA09 7582024151913 40451
5 (4152311162410 13[181920 7 5 3 72121 4 62 8 9 25| 6 1 [4]n] yes [41531116241013[181920 7 5 3 7]t 6 4202122 8 9 25
6 01625189 45[BRUBULR35261 a8 15 6 |17 ves [wt65189 4 snuyvnun[615132 742801
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Table 14. The 1st Generation selection for scenario 1

NO

CHROMOSOME Ftness

—_

|3 1 8 111

N

7 21 3 107

Table 15. The new population for scenario 1

8

CHROMOSOME Atness

99

106

108

122

102

102

93

109

O |IN|/ofL|h~h[W|IN |-

111

—_
o

DOV || N[O |A~IN|[OD
Al |NV[O O[T |O [N

DN W|WWwW |||~ |N|W

OIN|~ |0 |IN|IN|AM OO |
U |dh NI lWIN|OY|W|U

N[ |INV]|OIN|R[R]|O|DN|0
NWloROODjoo|WlWwWw|w|hH
= INOO[O DR ININ ==
Wlo|l|[Mh|L ||| N |0 ]|WO

107

Table 16. The 1st Generation selection for scenario 2

NO

Chromosome After 2-opt Fitness

142831724 11|15 146 2019 16 5

73008212 1825|108 9| 34

11617215 2310 25|12 147 81916

9 1150183 4 1624132 38

12114 13175 1|14247 62016 2 10|3 2029 8|1925231518 316

136118202[97 5182 B[10214175191[3 41241516 3

1415231116241013|1819207 53 17|1 6 4212212|2 8 9 25 320

|| |lw o=

201625189 4 5|23221719 131412|6 15132 7|2421 8 10 11f 299

Table 15. The new population for scenario 2

&

Chromosome After 2-opt Ftness

1 4 2131724

10

257 1912145

20 3 2123 8 16181511 2 9 383

106 17215 23

1

1420 9 16 15 22

191257 183 4 122413 16 374

14152318 7 17

20

248 22121 4 6 21251011 328

131624159 4

107 19121122

6 212314255 208 18 2 17| 371

4 17 1 1520 13

6
8
1316199 2 5 3
3
2

7 24146 5 16

10 3 1222 11 8 19 25 23 21 18 282

—

15324198 1

21 13 16 23 10 11 18

7 2251720 4 122 6 14 9] 338

149 312717

6 241522 2 1311

25182319 1 5 1020 8 21 16( 371

141523 25 16 24

1
9
5
4
9

13219207 5 3

178 22121 4 6 2118 10 11) 327

Wl |N|lo|lu]|a]|w [N |—

8 6 17215 15

11

1420 18 2 23 10 22

7 125199 3 4 122413 16[ 360

—_
o

1942118717

20

2516 2 6 133 5

9 248 231510 1 1122 14 12| 375

—
—

149 2511717

4

19241822 2 1312

315216 1 51020 8 23 16| 361

—
)

20 16 11 18 10 7

5

23 22 17 19 13 14 12

315216 1 4242 8 9 25 369

—
w

1 42131724

11

1514 6 20 19 16 5

|7 32232 121825010 8 9] 344

—
i

1211 4 1317 5

1

14247 6 2016 2

10]3 2122 9 819 25 23 15 18] 316

—_
%]

136118 229

7 5182 3102

1417 25 19 1|3 4 12 24 15 16| 351

—_
o

1415 23 11 16 24

10

131819207 5 3

17]1 6 4 122 12]2 8 9 2] 30

—
~

2016 2518 9 4 5|232217 19 13 14 12

[6 151 3 2 7[2421 8 10 11] 29

e. Selection and generating new population
The result of selection and generating new
population shown at Table 14, 15, 16 and

From the calculation results obtained that
the hybrid genetic algorithm method for
scenario 1 chromosome number 15 and 20

17. was selected as the best solution, with the
Evaluation of The VRP Completion
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gene sequence 6-3-9-7 | 2-8-4 | 1-5 and 6-2-
1-5]9-7-1]| 4-8-9 and the total mileage of
91 km which produces 3 route to be taken by
the vehicle. Scenario 2 derived chromosome
has the best fitness value of chromosome
number 23 with the gene sequence 1-4-22-
13-17-24-21 | 2-20-6-14-15-16 | 19-10-3 -11-
23-12 | 18-25-7-8-9 were divided into 4
pieces of the route, with a total mileage of
281 km.

The Result of Visual route can be seen in
Figure 9 as follows:

Figure 9. The Best Route for Scenario 1 and
2

4. ANALYSIS AND DISCUSSION
HGA model is a model that requires
additional parameters required in the
procedures of fuzzy logic controller is
embedded in the GA models. In use, the

model is quite complex and requires a longer
computation time. However, the application
of this model gives a very good solution, as
shown in scenario 2 model provides the best
value compared to the model solution SGA
and HGA. Based on the results of the
calculation of the scenarios 1 and 2 is also
evident that the HGA can provide the best
solution that is much faster than the two
other models. This is because the autotuning
feature derived from the application of Fuzzy
Logic Controller (FLC) in this model. FLC will
automatically calculate and adjust the
probability of crossover and mutation based
on the "memory" that have been obtained in
previous generations.

Table 16. Final Solution Comparison for

Scenario 1

GENERATION SGA MGA HGA
1 95 102 107
2 107 102 100
3 93 % 108
4 9 86 93
5 93 94 96
6 100 106 9
7 92 88 116
8 106 88 102
9 93 80 105
10 98 88 91

cosT Rp 301.03354 Rp 293.83351 Rp 300.43354

Table 17. Final Solution Comparison for
Scenario 2
GENERATION SGA MGA HGA
331 328 299
334 314 296
323 334 368
338 319 281
321 316 287
330 313 307
365 306 316
338 303 293
282 323 307
343 317 330

cosT Rp 496.978,40 Rp 509.578,45 Rp 496.378,40

W o iIN U AW N

—_
o

HGA model is a complex model and requires
a deeper knowledge of the genetic
algorithms and fuzzy logic controllers, as
well as supporting data needs quite a lot, but
it is worth the results shown by this model.
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The graphical comparison of performance in
obtaining the best solution to the three
models used in this study is shown in Figure
10.

COMPARISON OF SOLUTION ACHIEVEMENT OF
120 SCENARIO #1

100 H4\ A =

—4—SGA —E—MGA HGA

COMPARISON OF SOLUTION ACHIEVEMENT OF
SCENARIO #2

380

360

- Q&ﬁé%\?—@

300

280

260

220

200
1 2 3 4 5 6 7 8 9 10

—+—SGA - MGA HGA

Figure 10. Graph of performance
comparisons in acquiring the best solution

5. CONCLUSION

The parameters that affect the performance
of HGA with FLC determination of which this
is the membership function for input and
output and a fuzzy decision table. Both were
very decisive in changing the crossover
probability and mutation probability to be
used in the next generation, which will
impact on the results of the acquisition of
next generation solutions.
From the results it can be concluded that the
model implentasi calculations provide the
best solution to the modified models, ie the
calculation by using modified genetic
algorithm and hybrid genetic algorithm. This
suggests that by doing modifications to the
genetic algorithm can provide good and
effective solution. In problems with node size
medium (scenario 2) modified genetic
algorithms obtain good results, but the
resulting solution in the case of a small
number of nodes that actually leads to local
optima. However, can not be determined
that the hybrid genetic algorithm is better
than SGA and MGA. It could be argued that

all three models of genetic algorithm is an
effective algorithm, if used in the right
conditions.
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