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ABSTRACT

Searching for the shortest route when traveling is something that needs to be done
in addition to finding the destination city. The reason for finding the shortest route is
to summarize the trip and save travel costs. Another issue in making a useful trip is
city tracing done by a salesperson, where a salesperson must visit several places to
distribute goods, so he will only stop at that place once until ifi§ last place to be
reached is reached until returning to his place of origin. The Prim algorithm is used to
find the minimum generator tree from a weighted connected graph by taking the
sidelsegment that has the smallest weight of the graph, where the line segment is side
by side with the stretched tree that has been created, and that does not form a cycle.
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Genetic algorithms are also a method used to solve an optimal solution search
problem in an optimization problem. This algorithm follows the genetic process of
biological organisms based on Charles Darwin's theory of evolution. The
implementation of genetic algorithms can be tested in finding the optimal route
solution on a graph. Based on the results of genetic testing algorithms have different
results on each test. It is because genetic algorithms use random numbers to generate
probabilities for each generation. The results of the research describe Prim's
algorithm better than Genetics because it has consistent results. It is not seen in the
Genetic algorithm that expects opportunities from random numbers to appear.
However, Genetic algorithms are excellent algorithms when applied to extensive cases
because this algorithm will determine the optimal route of all possible routes.
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1.INTRODUCTION

Every communication equipment requires electrical energy to operate smoothly [1]-[5] Speed
and The faster the data transmission process, the smoother the data ex@ange. Speed requires
an excellent algorithm to work optimally [6]-[8]. Spanning trees are the total weggjt of all
edges in the tree, and it is not uncommon to span more than one tree. The term Minimum
spanning tree refers to a spanning tree that has the lowest complexity among all spanning
trees. As with i spanning tree in general, the minimum stretch tree can also amount to more
than one. The Minimum Spanning Tree is applied directly in network design and is also used
to formulate solutions to traveling salesmen problem [9][10].

Traveling Salesman Problem (TSP) is illustrated as a salesman trip to determine the path
taken from a city to pass through all cities and return to the original city, provided that each
city can only be passed in one trip. Determining the trajectory of this case is one of the
problems of the graph, how to form a circuit to pass through all vertices with the total weight
of the minimum circuit-forming side. The weight on the side that connects a pair of vertices
represents time, cost, and distance. The meth§fj that can be used to solve TSP is the Prims
method and Genetic algorithm [11]. If G is a weighted graph, then Minimum Spanning Tree
of G is Spanning Tree with thgfmallest amount of weight [12]. The Prims and Genetics
algorithms can be performed to get the Minimum Spanning Tree route. Both of these
algorithms both seek the shortest distance from the entire route. It is done by preventing
graphs from forming cycles. The difference is, Prims Algorithm ranks its weight from large to
small and executes the most significant weight first [13] while Genetic algorithm processes
opportunities by using random numbers that appear during generation processes [14]. TSP
and MST are expected to be completed by both Prim and Genetic algorithms.

2. TéEORIES
2.1. Minimum Spanning Tree

The minimum cost of a stretched tree is a stretched tree, only the weight or length associated
with the sides of the tree is the minimum. Examples of cases where we have a group of
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islands, and we want each island to be connected to a bridge as gJlink so that we are possible
for someone to travel from one island to another in the cluster. Minimum Cost spanning tree
has a broad application in various fields. Minimum spanning tree can solve many complicated
problera in the real world, such as:

e Minimum distance for traveling to all cities at one time (Traveling salesman problem)
e In electronic circuit desigbto connect cable efficiently

e Stretched trees also seek their application in obtaining a free set of circuits from an electrical
network.

2.2. Prin& Algorithm

The prim algorithm is a greedy method that helps us get a minimun§§tretched tree. The prim
algorithm uses the set concept. Processing graphs by sorting sides. This algorithm [ocesses
the sides of the Graph randomly by constructing disjoint from sets. The prim algorithm
constructs a minimum spanning tree through the sequence of subtree propagation. The first
subtree of a sequence consists of a single vertex selected from set V of the graph vertices. In
each iteration, this algorithm unfolds a tree by using the greedy technique by linkZ® it to the
nearest node that is not in the tree created (with the closest node means that the node is not
connected to the existing node in the tree with the minimum weighted side). This algorithm
will stop until all Graf nodes have been entered into the tree that is created and connected
without formim a circuit.

There are two disjoint sets of vertices. One of the disjoint sets contains vertices in growing
spanning tree, and the other contains vertices that are not in growing spanning tree. Choose
the lightest vertex that is connected by growing spanning tree and not in growing spanning
tree then add@fjto growing spanning tree. It can be done using a Priority Queue. Insert a
vertex in the growing spanning tree into Priority Queue. Make sure no cycle occurs. To do
this, mark the selected node and only insert nodes that are not marked into the Priority Queue
[15].

Figure 1 Way the Prim algorithm works

Figure 1 describes the workflow of the Prims algorithm. The journey starts from the
arbitrage node and is marked. In each iteration, new vertices adjacent to the marked vertices

http://www .iaeme.com/IJCIET/index.asp editor@iaeme.com




A Review of Prim and Genetic Algorithms in Finding and Determining Routes on Connected
Weighted Graphs

will be marked. Because this algorithm uses a greedy approach, the Prim algorithm will select
the smallest edge and then mark the vertex. In other words, the edge with a weight of 1 will be
selected first. In the next iteration, there are three options; edge with weights 2, 3, and 4. Edge
with a weight of 2 will be selected, and the corresponding vertex will be marked. Now, there
are three options; edge with weights 3, 4 and 5. Weight 3 cannot be chosefbecause it will
lead to a cycle. Therefore, the edge with weight 4 will be selected, and the result of the
minimum spanning tree is 1 + 2 +4 =7.

2.3. Genetic Algurithra

Genetic Algorithms are heuristic search algorithms based on the mechanism of biological
evolution. Diversity in biological evolution is the variation of chromosomes between
individual organisms [ 16]-[ 18] This chromosome variation will affect the rate of reproduction
and the level of the organism's ability to stay alive. The Genetic Algorithm uses the principle
of finding neighfrhood solutions based on natural selection and natural genetic mechanisms
that can be used to solve optimization problems such as the Minimum Spanning Tree problem
[19]-[21].

In the Genetic Algorithm, solving the Minimum Spanning Tree problem is almost the
same as the solution to other optimization problems. The only difference is the chromosome
coding process (encodfflg), weight calculation (decoding) and recombination or crossover. In
addition to the case of the Minimum Spanning Tree, another step is added, namely the process
of modifying the degree to check the presence of a circuit or not. The steps of the Genetic
Algorithm in the Minimum Spanning Tree are as follows:

Chromosome Encoding (Encoding)

In the chromosome coding (Algorithm) genetic algorithm it is essential to represent the initial
problem. In the Minimum Spanning Tree (MST), chromosomes are representations of
Spanning Tree and Gen representations of the nodes that make up the tree. Chromosome
coding in MST uses a chromosomal decoder technique called Prufer Number. The Prufer
Number encoding aims to encode the trees genergggd from a graph so that Genetic Algorithms
can solve the MST problem. The Prufer Number steps are as follows:

Step 1: Pay attention to all points 1 and select the smallest point

Step 2: Pay attention to the points adjacent to the point we have chosen in step 1, and place
this label in the first position of the line that will be formed

Step 3: Remove the point selected in step 1 along with the insulating side, until the smaller
tree remains. Repeat steps 1-3 for the remaining trees. Continue up to two points. When it is
finished, the desired Prufer Number row has been formed, where the node code number is n-2
(n number of vertices of the graph).

Weight Calculation (Decoding)

The decoding process is useful for encoding the values of individual forming genes or turning
each chromosome into a tree, so that the number of weights of each tree can be calculated.
The steps for decoding Prufer Numbers on MST are:

e Suppose that P is the Prufer Number of the tree and Q is the set of vertices that are not in P. Q
is called the eligible vertex

e Suppose i is the leftmost digit of P and j is a node of Q where j is the node with the smallest
number. Add sections from i to j. Discard j from Q. If i no longer exist in P, place j on Q.
Repeat this process so that there are no more P digits left.

http://www .iaeme.com/IJCIET/index.asp editor@iaeme.com




Mhd. Furgan, Herman Mawengkang, Opim Salim Sitompul, A.P.U. Siahaan, Muhammad Donni
Lesmana Siahaan, Wanayumini, Nazaruddin Nasution, Sriani

e Add the last 2 remaining segments so that eventually form a tree with n-1 segment. If the
decoding process has been completed, then the fitness value can be calculated and arises the
initial isolation and se]eﬂon of the genetic algorithm.

Recombination or Crossing (Crossover)

Crossover (crossing) is performed on two chromosomes to produce a child chromosome
(offspring). The crossover method that is most commonly used in genetic algorithms is the
one-point crossover method. Crossover steps are:

¢ Revive random Rk values as much as the existing population.

e The number of chromosomes to be crossed is as much as the crossover (Pc) opportunity
ﬁd fied. Crossover opportunities are determined by the user

e Determine the position of the intersection by generating a random number 1 to the length of
the chromosome-1 (if the length of chromosome 5. the position of the intersection point 1-4).

e Exchange the right side of the cut point from both parts of the parent chromosome

e Furthermore, chromosomes can be mutated
Mutation

The mutation ugg@l in the genetic algorithm will randomly change the value of a bit in a
certain position. In this mutation, it is possible to emerge a new chromosome which originally
did not appear inside the initial population. The mutation step is:

e  Generate random values between 0-1
e Determine Mutation Opportunities (Pm)

¢ By using the chance of a Pm mutation, it is expected that as much as the chance of mutation of
the total gene will mutate.

e Chromosomes with random values < Pm will be mutated, by switching genes according to
mutation positions. The position of the mutation is determined by generating a random
number 1 to the length of the chromosome

e The final population of this mutation process will be used as the initial population for the next
generation.
Chromosome preservation

Because the selection technique in the genetic algorithm is done randomly, so there is a
possibility that a good chromosome cannot enter the next generation because it is not selected
in the selection, it is necessary to preserve chromosome. Chromosome preservation steps are:

e Determine the chances of chromosome sustainability

e Generate as many random numbers as the population. Chromosomes with random values <
chance of survival will be affected by chromosomal changes.

3.RESULT AND DISCUSSION

This part is the design of graph formation. Some graph models will be created to test the
ability of both algorithms in determining minimum spanning tree. The following table is the
graph data used in this research. Each node has different coordinate location.
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Table 1 Location of X-axis and Y-axis

Location X Y
L1 38 29
L2 46 76
L3 90 108
L4 150 40
L5 107 73

Each node has a certain distance from another node. The distance calculation is obtained
ﬁusing Euclidean Distance. The following illustration is the distance of each node.

L1-L2 V(38 — 46)? + (29 — 79)2
B V64 + 2209

= V2273
= 47.68

L1-L3 = V(38 —90)? + (29 — 108)2
B V2704 + 6241

B V8945
B 9458

LI-L4 = /(38 —150)2 + (29 — 40)2
= 12544 + 121

= V12665
= 112.54

L1-L5 = V(38 —107)2 + (29 — 73)2
B V4761 + 1936

B V6697
B 81.84

L2-L3 = V(46 —90)% + (76 — 108)2
= V1936 + 1024

= V2960
= 5441

L2-14 = J (46 —150)2 + (76 — 40)2
- V10816 + 1296

= V12112
= 110.05
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L2-L5

L3-L4

L3-L5

L4-L5

J (46 —107)% + (76 — 73)2
V3721 +9

V3730
61.07

V(90 — 150) + (108 — 40)?
V3600 + 4624

V8224
90.69

V(90 —107)2 + (108 — 73)2
V289 + 1225

V1514
3891

V(150 — 107)? + (40 — 73)?
V1849 + 1089

V2938
542

Table 2 Location using Euclidean Distance

L1 L2 L3 L4 LS
L1 0 47.68 94.58 112.54 81.84
L2 47.68 0 5441 110.05 61.07
L3 94.58 5441 0 90.69 38.91
L4 112.54 110.05 90.69 0 54.2
L5 81.84 61.07 38.91 54.2 0

Table 2 describes distances between locations (L1-L5). A zero value means there is no
distance traveled or the location does not move to another location.

3.1. Genetic Algorithm Test

Table 3 Inital Random Population

2

JEN PN F0Y S N U PN PR TS S
rfo|o|e|win|wlc|—
Sl lw|l—|ole|—~|wlc
w|o|—|alc|n|—~|c|e

el | S| b I | | =
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Genetic algorithm testing in the case of the Minimum Spanning Tree involves six genes. This
test involves 10 populations and 20 generations. The population is created randomly with a
certain number. The value of each population may not appear more than one. The following

tables are the the genetic algorithm process.

The parameter used are "Generation = 20" and "Population

illustration is the process carried out by the Genetic algorithm.

= 10". The following

Table 4 Last Generation

3 1 0 2 4

2 1 0 4 3

4 3 2 0 |

3 0 4 | 2

3 0 2 | 4

3 4 | 0 2

4 3 2 0 |

0 1 4 3 2

4 2 0 3 |

3 0 4 | 2

Table 3 Fitness Calculation
Population Weight Fitness
1 203 0.005050505
2 216 0.005405405
3 277 0.008064516
4 225 0.005681818
5 210 0.005235602
6 211 0.005263158
7 277 0.008064516
8 302 0.01010101
9 282 0.008403361
10 225 0.005681818
Table 4 Population After Selection

3 1 0 2 4

4 3 2 0 |

3 0 4 | 2

2 1 0 4 3

4 2 0 3 |

3 4 | 0 2
0 1 4 3 2
4 2 0 3 |

4 3 2 0 1
-4 3 2 0 |
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Table 5 Population After Mutation

3 1 0 2 4
0 3 2 4 1
3 2 0 1 4
3 1 2 4 0
4 3 2 1 0
0 1 4 3 2
0 4 1 2 3
4 3 2 1 0
3 2 1 0 4
3 2 1 0 4

Table 6. Fitness After Elitism

Population Weight Fitness
1 203 0,005050505
2 304 0,010309278
3 207 0,005154639
4 222 0.005586592
5 292 0,009174312
6 302 0,01010101
7 226 0,005714286
8 292 0009174312
9 212 0,005291005
10 212 0,005291005

Table 7 Population After Elitism

3 1 0 2 4
0 3 2 4 !
3 2 0 1 4
3 1 2 4 0
4 3 2 1 0
0 1 4 3 2
0 4 1 2 3
4 3 2 1 0
3 2 1 0 4
3 2 1 0 4

The last generation shows the most optimum results for the whole generation and
population. It is visible from the displayed list. Population 1 is the best value of the ten
populations. The route obtained is 3-1-0-2-4 (L4-L2-L1-L3-L5) which has a distance of 203.

3.2. Prim Algorithm Test

Prim looks for the next destination with the smallest distance. If there are several nodes as an
alternative, then the selected node is the shortest node from the beginning. Calculations are
applied to all five locations (L1-L5). The first location (L1) has four possible goals (L2-L3)
L2 has three other goals, L3 has two objectives, and L4 has one goal. The following table is
the result of the Prim algorithm calculation.
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Table 3 Prim algorithm result

L2 47.68
L3 94.58
L1 to L4 11254 47.68 L2
L5 81.84
L3 54.41
L2 to L4 110.05 54.41 L3
L5 61.07
L4 90.69
L3 to 5 3301 38.91 L5
L5 to L4 54.2 54.2 L4

The route of the Minimum Spanning Tree generated by Prim's algorithm is L.1-L2-L.3-L5-
L4 with weights 47.68 + 5441 + 38.91 + 54.2 = 195.2. The Prim algorithm is better than
Genetics in both tests. The difference is seen as 203 - 195.2 =7.8.

4. CONCLUSIONS

The prim algorithm operates at two disjoint from the s§# of the Graph. The prim algorithm
can solve a problem with a better tingg)if there are fewer vertices and edges. This prim
algorithm is just oneffif the algorithms to solve the problem of minimum cost spanning tree.
The test results state that the Prim algorithm has better speed than the Genetic algorithm. It is
proven by the accuracy of Prim's algorithm which is better than Genetics. In significant cases,
Genetic algorithms are better at finding optimal routes. It is because Genetic algorithms have
the probability to provide the possibility of opportunities to get the next generation.
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