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Abstract

The species and anatomy of the bee, a member of the insect class (Insecta), have very interesting importance. Although there are
many production-oriented studies on bees and beekeeping in our country, it is very important to get enough information on
general morphological structures, bee anatomy, bee biochemistry, bee segments, hive systematics, etc. Bees play a major role in
the production of pollinators and various food crops, which are very important for the ecosystem. Therefore, understanding the
morphology of bees and accessing accurate information is vital for sustainable agriculture and food security. In addition, our
country is a bridge between Asia and Europe and constitutes a very important habitat for bees. However, it is very difficult to
reach sufficient resources and products, especially on bee anatomy, bee behavior, and beekeeping. For this reason, in this article,
bee morphology, various bee races, division of labor in the hive, reproduction stages, and social order of bees are discussed in
detail.

Keywords: Bee Anatomy, Bee Biochemistry, Bee Segments, Hive Systematics
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Ar1 anatomisi: ar1 morfolojisi ve fizyolojisine kapsamli bir bakis
02

Bocekler simifinin (Insecta) bir iiyesi olan armin tiirleri ve anatomisi oldukea ilgi ¢ekici bir éneme sahiptir. Ulkemizde arilar ve
aricilik tizerine iretime yonelik birgok caligma olmasina ragmen, arilarin genel morfolojik yapilari, art anatomisi, ari
biyokimyasi, ar1 segmentleri, kovan sistematigi vb. konularda yeterli bilgi edinilmesi olduk¢a nemlidir. Arilar, ekosistem igin
cok 6nemli olan tozlayicilarin ve cesitli gida riinlerinin tiretiminde biiyiik rol oynamaktadir. Bu nedenle arilarin morfolojisini
anlamak ve dogru bilgiye ulagsmak siirdiiriilebilir tarim ve gida giivenligi i¢in hayati 6nem tagimaktadir. Ayrica iilkemiz Asya ve
Avrupa arasinda bir koprii konumunda olup arilar i¢in ¢gok 6nemli bir habitat olugturmaktadir. Ancak 6zellikle ar1 anatomisi, ar1
davraniglar: ve aricilik konularinda yeterli kaynak ve iiriine ulagmak olduk¢a zordur. Bu nedenle, bu makalede ar1 morfolojisi,
cesitli ar1 irklar, kovandaki is boliimii, tireme asamalari ve arilarin sosyal diizeni detayli olarak ele alinmustir.

Anahtar Kelimeler: Ari Anatomisi, Ar1 Biyokimyast, Art Segmentleri, Kovan Sistematigi

Corresponding Authors:
e-mail: fatihsen1980@gmail.com

© 2023 DPU All rights reserved.
1. Introduction

Around 100,000 insect species around the world are classified in taxonomy. Bees include around 23,000 species
within this class. Bees are a type of insect that has adapted in a give-and-take relationship with other living things in
the ecosystem and evolved over millions of years. In a bee colony, there are three different species: queen bees,
worker bees, and drones. The queen and worker bee are female individuals and are formed from fertilized eggs.
Drones develop from unfertilized eggs. The queen controls important mechanisms such as creating new generations
by laying eggs, preparing the bees in the colony for the honey season with the hormonal scent of pheromone,
encouraging worker bees to collect pollen, and controlling the hive's water needs [1]. Under normal conditions,
worker bees perform all the work in the hive with extraordinary cooperation, except for laying eggs. These include
nectar and water transportation to the hive, wax secretion and comb building, royal jelly secretion, queen and brood
care, hive cleaning and ventilation, and honey ripening [2]. All body parts of the bee can be categorized into three
thoracic parts, six visible abdominal parts, legs, and antennae. These parts are largely covered by a layer of hair to
help the bee collect pollen and regulate body temperature. The developmental stage of a bee consists of 4 different
periods: egg, larva, pupa, and adult. The period inside the comb cell (the brooding period) lasts 16 days for the
queen, 21 days for the worker bee, and 24 days for the drone. The queen lays unfertilized eggs in large cells and
fertilized eggs in small cells according to the size of the honeycomb cell. The head is located in the front part of the
bee's body, and the surface of the chitinous skeleton is covered with hairs. The head is connected to the thorax by a
thin, playful neck. On the head are the eyes, sensory structures (sensilla), feeding organs, and mouthparts ( figure 1)
[3-7].
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Fig. 1. External head muscles of Megalopta sodalis (Halictinae). A, Sagittal muscle; B, mandibular, antennal and
maxillary muscles [8].

The eyes of the bee; consist of two types of eyes, three simple eyes (osel eye, point eye) in addition to a pair of
compound eyes (comb eyes) in the form of honeycombs. compound eyes; It is used for the bee to see long distances
and to distinguish between structures and colors. Simple eyes, on the other hand, enable the bee to see in low light
and up close [9]. Each simple eye consists of thousands of subunits. compound eye; It consists of 4,000 simple eyes
for the worker bee, 3,000 for the queen, and more than 8,000 for the drone. Each unit of the eye sees a small part of
the object, and then the image becomes clear with the combination of the images, thus the vision event is provided
[10]. Antennas called sensors are in a pair in the middle of the head. Antennae are covered with sensitive hairs. The
antennae structures, which are short in size, are articulated and have the ability to move in all directions by the
muscles (figure 2). These jointed structures consist of different numbers of knuckles in queen bees and worker bees.
It consists of 12 nodes in queen bees and 13 nodes in worker bees. The task of the sensors; enables us to taste, smell,
feel by touch, and estimate distance, and it does this thanks to the hairs that cover the antennae. Bees have the ability
to sense wind speed and air temperature with the help of nerve endings in the antennae [11].
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Fig. 2. Comparative morphology of Apidae female bee head exoskeleton muscles, side view. A, Hylaeus sp.
(Colletinae); B, Agapostemon semimelleus (Halictinae); C, Scaptotrigona bipunctata (Apinae); D, Trypoxylon
lactitarse (Crabronidae) [4].

Because bees' antennae are highly sensitive, they can easily smell honey from a distance. The mouth parts of the
bees perform the sucking and chewing processes. The mouth structure of bees includes the upper lip, upper jaw,
lower lip, and lower jaw parts. Thanks to the main and auxiliary jaws; honeycomb formation is provided, the enemy
is neutralized and the wax is kneaded by crushing [12]. Since its jaw is straight, it does not damage the skin of the
fruits and therefore does not cause any harm to agriculture. It has 80 knuckle tongues that can move in all directions.
Depending on the bee breed, the tongue length varies around 6-7 mm and is very thin. In the middle part of the
tongue, there is a canal covered with very small hairs. The nutrients reaching the mouth by passing through the
channel are absorbed through this channel. The organ responsible for the suction task is the suction pump. This
pump is a large muscular sac located in the head. The salivary secretions are responsible for moisturizing the
nutrient material [13]. The taste organ, which allows the removal of jelly-like liquids that the tongue cannot grasp, is
called the spoon (tassel). The tongue structure bends inwards after fulfilling its function. The thorax consists of 3
rings called segments, and these segments are called prothorax (anterior chest), mesothorax (mid-chest), and
metathorax (posterior chest). The chest, which is the center of the bee's ability to move; has two pairs of wings; It
consists of three pairs of legs, front, middle and rear. For this reason, they are also called six-legged in the class of
insects to which bees belong. The chest area is composed of muscle tissue and is the power generation center
because it contains heat and a large amount of mitochondria. All of the wings and legs are located on the thorax. The
first ring structure of the abdomen is combined with the last ring structure of the thorax. These wing and leg
structures found in the bee are in a pair from each segment of the three anterior segments [14]. Apart from the ability
to move; one pair of forelegs do head and antennae cleaning, and a pair of middle legs provide hold. It fills the
pollen into the pollen basket from the thorax and from the front legs to the hind legs; The hind legs, on the other
hand, take part in transporting the pollen to the hive with the pollen basket above it. The brush and pollen sac are on
the back two legs. The brush consists of many hairs located under the shin of the leg and their ends pointing
downwards [15]. Pollen sac; It is a triangular-shaped bag covered with hairs in which the bee collects propolis and
pollen. The Trachea located in the chest in the form of two pairs provide breathing through a transparent tube. Their
two pairs of wings consist of two very thin membranes and are supported by chitinized veins [16]. The wings have
four wings, one on each side, on the last two segments of the bee. The front wings are more veined and wider, and

4
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these wings fulfill the function of flying, guiding during flight, and staying stationary in the air for a certain period
[17]. Bees flap their wings 190 times per second and move at a speed of 25 km/h. The abdomen is separated from
the thorax by a thin knuckle. Abdominal part including the needle, stomach, intestines, reproductive organs, nasanof
(fragrance) glands, digestive organs, and wax glands; consists of sections called the abdominal segment (abdomen).
The wax glands disappear as the bee ages [18]. Comparative morphological studies in bees are mostly limited to the
skeleton, and the musculature of bees has not been investigated in this respect. Here we explore the head's external
musculature from an evolutionary perspective. The musculature of 34 bee species belonging to six main lineages
and 26 tribes and two opioid wasps were described, illustrated, and compared [19]. A standardized terminology for
extrinsic musculature has been proposed and aligned with the Hymenoptera Anatomy Ontology (HAO). The
abdomen is connected to each other by thin and elastic membranes, and the bee can easily move its abdomen with
these elastic membranes. Thanks to these membranes, the mobility required for the digestive, respiratory, and
circulatory organs in the abdomen is provided. The abdominal structure consists of these parts. The sections consist
of the sternum in the lower part and the tergum in the upper part. The parts where the segments overlap are called
the lower sternum. There are salivary glands, chin glands, and subpharyngeal glands in the abdomen. While the chin
gland provides the production of royal jelly, which provides nutrition for the worker bee, it is the source of the
chemical called pheromone in the queen bee. There are 10 abdominal segments in the larva of the honey bee, but in
a mature bee, there are 9 abdominal segments as the first abdominal segment is included in the thorax. Since the last
abdominal segments of the female worker bee and queen bee differentiate to form the sting, there are 6 abdominal
segments and 7 abdominal segments in the drone [20]. Worker bees have wax sacs in the last four segments of the
abdomen, from which wax is secreted. The scent glands that provide communication with other bees are located on
the dorsal side of the abdominal segments. The needle part consists of saw-like protrusions at the end of the
abdomen and is a pointed organ used for defense in queens and worker bees. The needle is attached to the venom
sac. Because the sting is notched, the worker bees retract the sting after stinging the living thing. bee family; It
contains three different individuals, namely queen bee, drone and worker bee [21].

1.1. Queen Bee

Although it is also known as the queen bee, there is only one in the colony outside of the main renewal time. It is
like the mother of the other bees in the colony. The queen bee, consisting of a fertilized egg, has an incubation
period of 16 days. She is the only female in the hive to reach sexual maturity [20]. It is selected when it is in the
form of a larva by worker bees, and it is distinguished from other species because it is fed with royal jelly until it
reaches a certain sexual maturity. Its role in the colony; These can be listed as encouraging the worker bees
responsible for collecting pollen, providing the water requirement in the colony, ensuring the formation of new bees
by laying eggs, and maintaining the continuation of the generation. This control is carried out by hormonal secretion
called pheromone [17]. Queen bee; It ensures its development in a special eye of its own. 6-7 days after it leaves the
room it is in, it goes on a mating flight with suitable conditions (sunny, windless weather) and secretes a chemical
called pheromone and the drones follow the queen [22]. The queen, which mates with 8-10 drones during flight,
takes millions of sperm cells from the drone while mating. If mating is completed, it returns to the hive and starts to
lay eggs after 7 days. The queen bee, which cannot complete her mating, goes on a few more mating flights in the
following days. pheromone chemical; While there is a queen in the colony, it prevents the formation of a new queen,
ensures the development of the ovaries of the worker bees and is responsible for the order in the colony. If the queen
bee in the colony is destroyed for some reason and the queen cannot grow, the ovaries of a few of the worker bees
develop and form a false queen, and these bees are formed from infertile eggs. The queen bee provides its nutrition
and cleaning with worker bees [23-25]. It cannot feed itself, worker bees feed the queen by giving royal jelly to her
mouth. The queen goes out of the hive only to mate throughout her life. The lifespan of the queen bee is between 3
and 7 years, and as the age increases, the number of laying eggs decreases and the number of infertile eggs
increases. Although it is the longest bee in the colony, the queen bee with a good yield can lay 1500-3000 eggs in a
day. As the queen ages and her productivity decreases, it is necessary to replace the queen bee every 1-2 years. They
do not have the ability to care, and raise offspring, but only fulfill the function of laying eggs [26].
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1.2. Worker Bee

Although they are the smallest individual in the colony, they are female bees that are formed from fertilized
eggs. In the larval stage, after the first three days, it is fed with a pollen-honey mixture of lower quality than that of
the queen bee. It completes its development within 21 days and the duties of the worker bees that come out of the
comb cell begin [25]. It is the most abundant bee in the colony. Each colony has 10,000-80,000 worker bees,
depending on seasonal conditions, and the number of worker bees increases in summer. Worker bees that occur in
the winter months have a longer lifespan, and the lifespan of the worker bees that occur in the summer months is in
the range of 35-40 days due to the workload in the hive. They took on all the tasks in the colony, except for
spawning. They have duties inside the hive for the first 20 days and outside the hive after 20 days. Worker bees
working outside the hive are called field bees, and worker bees working inside the hive are called house bees.
Taking care of and feeding the queen bee, looking after and feeding the offspring (larvae), maturing the honey by
carrying propolis nectar, pollen, and water into the hive, forming a honeycomb with beeswax secretion, secreting
royal jelly, guarding the hive entrance and not letting the bees inside the hive that are not in the hive . They
undertake many tasks such as cleaning, and regulating the temperature and humidity of the hive by circulating air
with their wings. These tasks are distributed depending on the age of the worker bees. worker bees; they have a
prickly needles, and when they sting a living thing, they leave their needles on that creature and die after a while
[27].

1.3. Drone

The drone, which is the largest and plumpest individual in the colony, develops from an unfertilized egg. In
some cases, it can also occur from a fertilized egg and is a copy of the queen bee [28]. Drones with white eye color
from fertilized eggs are killed by worker bees or thrown out of the hive when they are in the larval stage. Their
lifespan is around 21-30 days and they complete their development in 24 days. Although mating with the queen bee
is her main duty, they do not have stingers and therefore cannot defend themselves. The drone mates with the queen
in the air, and as a result of mating, the drone dies. Since their tongues are short, they cannot take nectar or pollen
from flowers. When suitable environmental conditions are provided in the colony, drones are more common after
April and May, but they are also abundant during the swarming season. It is larger than the queen and worker bees
and shorter in length than the queen bee [29]. It is not found in the colony during the winter months and grows in the
colony during the summer months. Depending on the climatic conditions or the conditions in the colony, their
number varies between 500-2000. After a while, the worker bees throw the drones out of the hive to regulate the
lack of nutrients in the colony and the number of drones in the colony, and the drones are thrown out of the hive die
because they starve. The most time they fly during the day is between 14.00-16:00 when the weather is warm, and
they do not leave the hive before the temperature reaches 18-20°C. The drone eggs, which are 5-7 days old, can now
fly and fulfill the functions of defecating by flying, recognizing the environment, and mating [30].

2. Bee Breeds

The homeland of honey bees in Europe, Africa, and Asia. It is 30-50 million years ago that bees reached their
present forms and variations. Bees have attained these forms with the changing of flowering plants, which are their
main food source, over time. Bees differ from other types of insects by their physiological differences. Its prominent
features are its structure covered with hard hairs, the special nectar-catching structure of the mouth structures, and
the presence of areas that help to carry pollen on the body and feet [13]. In the Apis community: There are honey
bee species such as Apis cerana, Apis florea, Apis mellifera, Apis koschevnikovi, Apis laboriosa, Apis
andreniformis, Apis dorsata. Only the homeland of Apis mellifera is the Eastern Mediterranean, Western Europe,
and Africa. Others are native to South East Asia. They have lived in different ecotypes or populations within the
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same race for more than 30 million years. Adaptations to different regions have occurred over this long period
[31,32].

2.1. Honey bee (Apis mellifera) and its Taxonomy

The honey bee is a bee species in the genus Apis and its Latin name is Apis mellifera, meaning "bee carrying
honey", their bodies are covered with hairs. Honey bees are indispensable creatures for herbal agriculture and
ecological balance. Various products such as propolis, honey, pollen, beeswax, royal jelly, and bee venom are used
in human nutrition and for the treatment of diseases [24]. Another benefit of honey bees is to ensure that plants are
pollinated and that beautiful and quality plant products are obtained from those plants [33]. Honey bees; live on
honeycombs made of beeswax in colonies of queen bees, drones, and worker bees. The honey bees living in this
colony continue their lives in order and cooperation among themselves. There is communication between the bees in
the colony for the activities that take place inside the hive and outside the hive (for example, joy and cleanliness)
[34]. They provide this communication through chemicals known as pheromones secreted from their bodies and by
performing various dances [35]. Honey bees vary in all regions of the world except the polar regions. It collects
pollen and nectar from flowers to meet its own nutritional needs. Honey bees; To fly, to stay in the air for a certain
time and at a fixed point, to adjust the direction of flight, it has two pairs of very thin membrane wings. honey bees;
To ensure the continuation of its generation, to protect its food and nest, and to protect the bee colonies in the nest, it
defends itself in various ways with its high sensitivity [36]. If it performs this defense process with its stingers, only
drones do not have stingers in the colony. The reason for this is that the only duty of drones is to inseminate the
queen and the drone dies after insemination [37]. Honey bees exhibit similar behaviors under the same
environmental conditions because these creatures act instinctively. The life span of honey bees, which is 28-35 days,
varies depending on the season. During the winter season, female individuals such as queen and worker bees are in
the majority of the colony. Honey bees can easily perceive yellow and green colors; They cannot detect black, gray,
and red color. When the life expectancy of honey bees, which is around 28-35 days, expires, they mostly die outside
the hive, but they can also die inside the hive. When there is death in the hive, the worker bees carry the dead bees
and throw them away. In addition to this situation, unproductive, disabled, and aged honey bees are thrown out of
the hive and removed. Since honey bees are creatures with high reproductive ability, the honey bee that is born as an
adult can pass to the egg-laying stage within a week. Colony productivity increases as colony strength and the
number of worker bees increase [38]. Honeybees, which started their lives as eggs, go through four developmental
stages because of complete metamorphosis in their lives, which are; egg, larva, pupa, and adult stages. Until the egg
placed in the honeycomb cell in the hive becomes an adult bee; It takes 21 days for worker bees, 24 days for drones,
and 16 days for queens. First of all, the queen lays eggs in the cells of the honeycomb, and while the drone is formed
from this infertile egg, the queen and worker bee are formed from the fertile egg [21].

The egg stage lasts for a total of 3 days for all bees. Bee's egg; The ends are round and cylindrical, and the egg is
positioned vertically when it is placed in the honeycomb cell in the hive [39]. The egg, which is positioned
vertically, slides to the side after a while and is positioned horizontally at the base of the honeycomb after three
days, and then the eggshell is torn and transformed into a larva. Honey bees secrete special secretions that break the
shell. Large cells were made on the honeycomb to raise drones, and small cells were made to raise worker bees. The
queen puts the fertile egg in the small chamber made on the honeycomb and the unfertilized egg in the large
chamber [21].

Honey bees; In this stage of development, although the volume, shape, and color change rapidly, pore formation
is observed on the rings that make up their bodies. Mouth parts that are responsible for fulfilling the nutritional
function are formed. The larval stage lasts for 6 days and the cocoon stage varies for 5 days [40]. During this phase,
the bees start to be fed with royal jelly for the first three days, and then they are fed according to gender. After the
first three days, the queen is still fed with royal jelly, while the worker bee and drone are fed with a pollen-honey
mixture. Although the amount of royal jelly varies according to the type of larva given, the highest amount and best
quality royal jelly is given to the queen bee larvae. Due to the difference in quantity during feeding at this stage,
different types of individuals such as queen bees or worker bees develop. Toward the end of this phase, the feeding
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process ends. The comb cell is closed by the worker bees outside and the larva inside the comb, and the pupal stage
begins [41]. After the queen lays her eggs, that is, at the end of the 8th day, including the egg stage, the mouth of the
eyes with worker bee larvae is sealed and the larva turns into a cocoon on the 9th day with a special glandular
secretion in the head. This stage, which is formed by the larva standing motionless in its cocoon on the 10th day, is
called the prepupa stage, which means before the pupal stage. The prepupae turns into pupa on the 11th day, and
these two stages last 12 days in total for worker bees, 7 days for queen bees and 15 days for drones. The pupa, which
is described as healthy, is bright and white in color and then turns into dark brown and shades. Pupal stage closed;
fry, larva and egg stages are also called open brood. After the pupal stage, the bee has become adult and comes out
by opening its comb. It takes 24 days for drones, 16 days for queens, and 21 days for worker bees from the time the
eqq is deposited in the comb cell until it becomes an adult bee [30], [31].

2.2. African Bee (Apis mellifera scutellata)

This type of bee is angry, it is very difficult to catch diseases, it is a species that leaves the hive and has the
ability to produce swarms. It has adapted to tropical and temperate climates. It was brought to Brazil from Africa in
1956 to increase honey production. They escaped from the quarantine zone they were in in 1957. African bees were
found in South America, North America, and Texas in 1990, respectively [43]. The African bee, also known as the
"Kkiller bee™, is known to cause the death of many human and animal species, thanks to the special alarm hormone it
secretes. Due to the aggressive behavior of this bee species, American beekeepers had to quit their jobs for a while.
The United States of America has developed many practices to prevent the entry of this species into the country. But
beekeepers are quite satisfied with this species. This is because they are resistant to diseases and attract a lot of
attention due to their high swarming ability. With today's developing technology, American countries have come to
a position to export honey [44].

2.3. Italian Bee (Apis mellifera ligustica)

The Italian bee, whose hometown is Italy, has spread all over the world from Italy. It is known as the most
common bee breed today. Its habitat is quite large and has managed to survive in both continental and
Mediterranean climates. It has a very wide living space from Canada to China, from China to Europe, from Europe
to America. It is the most researched and developed bee species. Some of its features can be listed as follows; It is a
calm, yellow-colored, and long-lived bee species with a high colony formation rate [35]. Pure Italian bees do not
have black rings on the abdomen. It has black dots only at the end of the last abdominal ring. Italian bees with this
physiological feature are called "GOLDEN BEE". In countries such as China, Australia, and America, honey yield
reaches up to 100 kg per year. Royal jelly is a product of 1-2 kg per year. They are not very prone to catching
propolis. They are more prone to looting. The Italian bee was specially bred for honey and milk production. This bee
species can produce honey and swarms in early spring. It is one of the species that has the ability to form a strong
population. Italian bees, also known as Apis mellifera ligustica, are more capable of combing and wrapping honey
than other bee species, which underlies a strong sense of population formation. As long as Italian bees are given
honeycomb and honey, they do not attempt to swarm [45].
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Fig. 3. A. cerana exhibits a different biogeographical distribution than A. mellifera, and these plants are divided into
Asian species and Western species of the Apis genus according to their distribution [46].

Recently, both A. cerana and bee products A. mellifera have attracted great interest because of the ecological and
economic value of bee products, as well as their research models for studying social behavior, neurobiology, and
pesticides. In the case of natural selection, it is a species that is very prone to swarming and honeycomb production.
In the Mediterranean and Aegean Regions, it is possible to divide into 8-10 hives on average per year. Although
their cleaning properties are quite advanced, they are biologically resistant to European foulbrood disease. Italian
bees have a low power of coming into spring by consuming the least amount of food and with the least colony and
population pots. Despite this, it is preferred by beekeepers in countries such as Canada and Finland. However, it is
known that if the Italian bees wake up early during the long winter periods, the offspring experience chills [23].

2.4. Carniolan Bee (Apis mellifera carnica)

His hometown is Yugoslavia region and Austria. It also shows distribution in Thrace and the Balkans. Carniolan
bees are quite similar to Italian bees in terms of size and some behaviors. The Carniolan bee is a docile, hard-
working species with high honey production. Their external appearance is dark gray and black, although rarely, it is
possible to see brown spots on the 2nd and 3rd levels of the abdomen. This bee species survive the winter in small
populations because of limited honey production. In the spring they progress quite rapidly, forming large
populations. Carniolan bees have a very regular work division, their comb structure is beyond enormous, and their
adaptability is quite good compared to other species. They wrap the honey they produce with a white glaze. They do
not like to collect propolis and plunder. They have been trained in many countries, including European countries and
America. The breed trained in the Americas was called the New World Carnioan. The financially very expensive
New World Carni way has become quite skilled in terms of its general characteristics. The negative feature of this
bee species is its high swarming tendency, but this is not a negative feature for bee farms that produce swarms. Still
more natural Carniolan bees are bred in Yugoslavia and Austria. The aspirants of the bred bees come to work from
European and American countries [47].

2.5. Caucasian Bee (Apis mellifera caucasica)

His hometown is Artvin, Ardahan, Kars, Caucasus, and Georgia. They have adapted to mountainous areas and
regions with harsh climates. Physiologically, it has a dark brown color and a gray hairy structure. Brown spots can
be seen in the first levels on the abdomen. Although Caucasian bees in Artvin, Ardahan, and Kars regions do not
differ physiologically, Caucasian bees in transition regions may be light colored. In this bee species, which has a
low propensity to swarm, the rate of plundering and propolis collection is just as high. As a result of some research,
they discovered that Caucasian bees show low resistance to Nosema disease. Although the tendency to collect
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propolis was not seen as important in ancient times, the ability of Caucasian bees to collect propolis attracts a lot of
attention today, with the discovery of antimicrobial and pharmacological properties of propolis. Various countries,
especially China, have started to import and breed Caucasian bees [17].

As we can see in Italian and Carniolan bee species, Caucasian bees are also very hardworking and docile bees.
Honey yield is high in high areas with a harsh climate. Due to their adaptability to cold climates, their wintering
abilities are also quite high. They spend the winter in small colonies. After spending the winter, they enter a rapid
development process in the summer and build solid colonies. With its long tongue structure, which is one of the
physical features, it provides the advantage of easily collecting pollen from even tuberous flowers. Due to their
adaptability to harsh climates, they can work without interruption even at low temperatures. This bee species, which
wakes up late in the spring due to its adaptation to cold climates, is not very productive in temperate climates. This
causes honey yields to be low compared to other bee species. Caucasian bees are an indispensable bee species for
harsh climates [48].

2.6. Anatolian Bee (Apis mellifera anatoliaca)

The bees living in the region excluding the Caucasus and Syria are called Anatolian bees. If we examine
Anatolia geographically, it is a bridge connecting Asia to Europe. Anatolia is a region that shows a transition state
not only with its topographic map but also in terms of vegetation. It also contains many endemic plants found in
Asia and Europe. Anatolian geography, covering a very wide area, provides a habitat for many bee races that have
adapted to the region with its high mountains and different climatic characteristics [35]. If we give an example of
these bee races: The Anatolian bee, Iranian bee, Caucasian bee, and Syrian bee are some of these races. Ecotypes of
Anatolian bees in the region show diversity such as the Gokceada bee, Central Anatolian bee, Mugla bee, Black Sea
Region bee, and Hatay bee. The most common bee species is the Mugla bee, which is specific to the Aegean
Region. It is common in the entire Aegean region and is very similar to Carniolan and Italian bees in terms of
physiological characteristics. The Anatolian bee, which is geographically distributed over a wide area, varies in
color, wing structure, and morphology according to variations such as temperature, pressure, precipitation regime,
and vegetation. Its color distribution varies from brown to yellow and it has a very high adaptability and wintering
ability. Similar to the Italian breed, it is a productive breed with a high development rate. In the spring, honey
production begins quickly. Having gained a large population at the end of the summer, the Mugla bee fills the
honeycombs with pine honey in the fall and its work slows down. Mugla bees, which adapt well to a temperate and
warm climate, attract more attention in the region compared to other bees [49].

3. Reproduction In Bees

To recognize the honeybees taxonomically, belong to the Apiidae family of the Hymenoptera order of the
Insecta class of the Arthropoda branch of the animal kingdom. This house is of the apis type. Honeybees are socially
active creatures that live in groups just like us humans. Honeybees are very short creatures in terms of generation
intervals, and these features have given them the ability to progress in the short term. Thanks to this ability, their
efficiency can be increased. As in other living things, honeybees also rely on mate selection in their genetic changes.
In order to contribute to genetic progress, drones that will mate with queens must be carefully selected. However, in
natural mating practice, it is very difficult to identify drones due to the biology of queens [50]. There are no isolated
parts in natural pairing, which prevents controlled coupling. This reduces targeting in selection. This situation
negatively affects the rate of genetic progression. In order to avoid these negative effects, drones should mate in
isolated areas or artificially mate under laboratory conditions in order to eliminate the problems arising from the
mating biology of selected queens. Although natural mapping is easy in theory, it is quite difficult in practice. Bees
love to fly high, but creating a controlled space is difficult because many bee populations live close together. When
these conditions are collected, it is very difficult to specifically match the selected queen with the drone. Artificial
mating is the most reliable way to avoid all these difficulties and uncertainties and also to increase genetic progress
[51].

10



Halcavi, E., vd. (2023). / Journal of Scientific Reports-B, 8, 1-19

3.1. Reproductive Biochemistry of Honey Bees

The life of honeybees begins in the egg. When observed biologically, the bee eggs developing in the queen begin
to develop in the two large ovaries of the first queen, and then the developing bee eggs are sent to the side oviduct.
The eggs that pass through here travel in the middle oviduct to be sexed. Here, the sex wins. If the egg is fertilized,
it creates the female bee, if the unfertilized male bee. In the middle oviduct, it provides the fertilization process with
the spermatheca organ, which is connected to the canal. This organ checks whether the egg that comes with the
sperm pump is fertilized or unfertilized. 5-6 million sperm, which the queen needs throughout her life, are stored in
the spermatheca organ of the queen. The life of the queens depends on the number of sperm they store, their lifespan
is usually 2 years [52]. Physiologically, they have a larger appearance compared to other bees. The function of
queens is to mate with drones. It can produce more than 1500 eggs in 24 hours. It informs its colony that it is alive
and healthy thanks to the 9-hydroxy decanoic acid it secretes [53]. At the same time, this pheromone secreted makes
all the females in the colony sterile and prevents the drones from preparing other queen cells. This pheromone
enables the bees included in the colony to recognize each other. If we examine the reproductive system of the queen,
we can observe that it consists of a pair of ovaries, median oviducts, a pair of lateral oviducts, spermatheca, and a
vagina. The task of the ovaries is to ensure the maturation of the eggs, this process is carried out by the tubes called
ovarioles. There are 160-180 ovarioles in the ovaries. Ovarian maturing eggs come to the lateral oviduct, and then to
the median oviduct, respectively. From here it passes into the vagina. Between the spermatheca, which is connected
to the vagina with a thin channel, and the vagina entrance, there is an indentation to cover the vigina extending
towards the spermatheca canal. This recess has a valve-like function. Its name is also “Valvula vaginalis”. The
function of this valve is to occlude the vagina after mating. This prevents the semen from flowing out and helps to
press the semen toward the spermatheca. During mating, the queen opens the Valvula vaginalis with its muscles, and
the semen from the drone is injected into the lateral oviduct. When the queen goes on a mating flight, she usually
mates with 8-10 drones. As a result of this mating, drones inject 70 to 80 million spermatozoa. The total injected
spermatozoon cannot fit into the small volume (1mm3) of the spermatheca, many of them flow out. 5-6 million
spermatozoa that can fit in a small volume reach the spermatheca [54]. These injected semen remain viable as long
as the queen is alive. The queen makes multiple mating to eliminate the possibility of inbreeding as a result of
mating with a drone from the same bucket. If we take a look at the formation of worker bees and drones, if they are
fertilized with spermatozoa released from the spermatheca just before the egg leaves the vagina, worker bee
formation is observed, if not, drone formation is observed. Male bees have a haploid chromosome structure because
they are formed from unfertilized eggs. It takes 24 days for them to complete their development. They reach
maturity at the end of 24 days. They then reach sexual maturity in 12-14 days. The queen lays her eggs in each of
the honeycombs, which have been cleaned with the help of worker bees. It sticks the egg vertically to the bottom of
the eyes with its needle. When we physically examine the honeybee's egg, we see its smooth structure and white
color. The sausage-shaped eggs are usually 1.5 mm in size. If the egg is not fertilized on the first day of egg
development, the nucleus divides into the zygote if it is [55]. At this stage, the structure of the embryo does not
become clear, but on the third day, it becomes clear. The head of the bee that will emerge is on the upper part, not
attached to the bottom of the egg. Other parts are in the curved part. The first physical change of the egg takes place
between 72-84 hours. In this change, the embryo contracts and tears the membrane of the egg. As a result of tearing,
the liquid inside the egg begins to wrap around the outside of the embryo. Embryo contraction continues until its
head touches the base of the cell. When it touches the cell base, the distinctive larval form now resembles the letter
"C". Worker bees carefully feed the formed larvae with royal jelly for the first 24 hours. During the other 24 hours,
they are fed with additional nutrients by the worker bees. The function of drones is to mate with the queen [56].
Unlike other bees, they are slightly larger. Their lifespan is between 21 and 32 days in spring and 90 days in
summer. When we examine the reproductive organs of drones biologically, it is possible to observe that they consist
of a pair of testicles, a pair of large mucous glands, a pair of large mucous glands, vasa deferens, seminal vesicles
and penis. In the period when the internal organs fuse and form into an adult, spermatozoa production begins in the
testicles. The ejaculation abilities of the young drones are not developed because the spermatozoa do not leave the
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test. When they become adults, they will separate and ejaculation will be possible. When mating begins, the drone
also sets out from the semen ejaculation line and reaches the endo phallus. It is the last stop of the sperm before they
pass to the queen. Then, with the suppression of the mucus released from the mucus glands, the sperm queen is
transferred to the vagina, which is the reproductive organ [29]. After mating, the drones die because they leave a
certain part of the Endophallus in the abdomen of the queen. If the drone has reached maturity, it is quite simple to
become semen. Mature semen is found in drones older than 12 days. Its form is yellow-cream. If the semen to be
taken from the drone is possible, the afternoon is the most suitable time. This is because in the afternoon when
drones are most suitable for breeding. The methods of semen retrieval from drones are electrical stimulation,
rubbing by hand, and the use of chemicals to stimulate drones, respectively [57]. After the drone secretes the semen,
it also secretes mucus, the function of this mucus is to prevent the involuntary outflow of semen from the queens.
The average amount of semen in a mature drone is 1.7 mm3 and ranges between 1.5-1.75 mm3. Drones have one of
the densest spermatozoa in the animal kingdom (7.5 x 109 spermatozoa/ml). Larger drones are preferred for mating
because the size of drones is directly proportional to the amount of semen [58].

The mating of bees was only elucidated at the beginning of the eighteenth century. Until it was announced by
Janscha in 1775, it was thought that queens did not mate with drones and it was accepted that the eggs were
fertilized in the honeycomb. Janscha, on the other hand, reveals that the queens fly to know the environment and
mate with the drone in the air. It is quite difficult to observe mating in the air. Huber's work on this subject in 1792
shed light on great studies. According to Huber's studies, the queen makes a 2-5 minute flight to know the
environment for 3-5 days. Then on the 5th and 6th days, it leaves the hive to mate. Flights to mate are in the range of
1-3 times. The queen bee is to reinforce the progression of sperm to the spermatheca with the flight to know the
environment of 2 minutes [59]. Queen bees can fly repeatedly for a day until they reach the desired sperm
saturation. According to the impressions of the explorers, about 63% of the 303 queens made a mating flight once; a
second time, 6% flew to mate a third time. While each flight takes approximately 25 minutes, the time between
consecutive flights is 19-120 minutes. As the time between flights increases, the next time becomes shorter and the
activity of the next flights decreases [60]. In order to observe the natural mating, first of all, the queen was attached
to the front of the camera with the help of support in the region where the drones come together. Then it was put at
about 10 meters. The needle chamber of the queens is kept open so that mating can take place without any problems.
After observing the queen, the drone approaches and clings to the queen with its 6 legs. Then the drone's abdomen is
folded down and mating takes place. After this rapid mating, the drone becomes paralyzed and falls freely. After this
mating, the stinger of the queen is cleaned by the worker bees and the queen becomes suitable for mating again.
After mating, spermatozoa from drones are stored in the semen sac found in the queen. The spermatozoa stored here
maintain their vitality as long as the queen is alive. The honeycomb diameters are measured with the 1st pair of
queens' legs. Then, the queen lays fertilized worker bee and queen eggs in these cells, and unfertilized eggs in drone
cells. The queen lays an average of 250,000- 300,000 eggs per year. A total of 4- 5 million spermatozoa are stored in
the sperm sacs [61].

3.2. Artificial Insemination Application in Honey Bees

It is possible to obtain more qualified and larger queens by double inoculation with artificial insemination. There
are some difficulties that artificial seeds bring along. Breeding drones is a seasonal event. It is always difficult to
find the drones needed in the colony. Queen and drone breeding is a joint event. The natural phase is expected for
the queen bee to mate. The reproductive organs and tissues of the queens, which are 6- 7 days old, have not yet
reached the desired maturity. When the queens are 8- 10 days old, they start flying only to mate. In artificial
insemination, mating activities begin in 8- 15 days old queens. The 15-day period is important because the tissue
elasticity begins to decrease in queens past 15 days, which creates difficulties in artificial insemination. Another
issue is the selection of drone bees in insemination is a very important issue. It is known that drones become adults
in 24 days, and reach sexual maturity in 14 days. Considering these conditions, the breeding of drones should be
started at least 40 days before. It should be close to the honeycomb where the queen bee will be reared with the help
of a grid. The drone bee should be placed in specially raised cells in the honeycomb. The queen lays unfertilized
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eggs in drone cells. After 24- 25 days, drones will begin to form, and the drones that are formed are marked. After
14- 15 days, drones suitable for artificial insemination are ready [62].

3.3. Queen Bee Insemination

After the drones reach sexual maturity, the thorax, the thorax, of the drone is held with the index and thumb of
the right hand. Then, it is compressed towards the abdomen, and ejaculation is provided. The sperm is spread on the
endo phallus to form a thin layer with the mucus secreted by the drone. The obtained semen is drawn with an
injector. Care should be taken that the injector does not come into contact with the mucus layer and the mucus is not
drawn into the injector while the sperm is drawn with the injector. If care is not taken, the injector may become
clogged. The semen extraction process continues until the total semen volume is 8-10 mm?®. Then the queen is
stunned with the help of CO,. They are taken into the tube and placed with the last 5-6 segments of their abdomen
outside. The tube with the queen must remain connected to the CO, tube because the queen must remain
unconscious throughout the procedure [63].

He puts the queen under the microscope, the ventral and dorsal hooks and the sting circle of the queen are
opened. Then the queen's stinger is inserted through the hole on the dorsal hook. Care must be taken when handling
the injector. Starting from the vagina, the injector tip is advanced towards the vaginal valve with slow movements,
when the oviduct is reached, the button of the injector is turned to the right, and semen passage is provided [58]. The
injector is drawn from the queen, if there is no semen on the drawn injector, artificial insemination has been
concluded correctly. The dorsal hook is removed from the sting of the queen and the queen is removed from the
tube. It is waited for the queen to come to her senses and then it is placed in its colony. For rapid spawning, the
queen is exposed to CO, in 10-minute periods. After these processes, as in natural mating, the spermatheca of the
queen is approximately 5- 6 million spermatozoon and is stored here. The path followed by the sperm is very close
to natural mating, the sperm that cannot reach the spermatheca comes out. From the bees of artificial insemination,
the worker bees disinfect the sting circle of the queens [64].

4, Social Order Of Bees

Bees are very regular in their social life as well as in their working life. Bees, which have rules within
themselves, lead a life in accordance with these rules. Although the duty of each bee in the hive is clear, they never
go beyond these duties. They are not suitable for living in all areas, they live in hollows or cavities they find
themselves, but they can also live in hives. Each bee has its own comb. They make these honeycombs even in their
natural habitats, even if they are in a hive made by humans. All over the world, honeybees weave combs in the same
way. These comb cells are both a food area and an area where they raise their young. In bee colonies, the
management is in the female bees. Bees avoid polluting the area they live in, and they wait to come out of the hive.
Realizing that their life will end, bees get as far away from the hive as possible. The reason for the existence of
drones is only to inseminate the queen. Until the queen is old, there are not two original queens in a hive, this is
because they are trying to dominate [6]. If found, they'll fight each other to the death and there's a winner. Each hive
has its scent. When a bee that does not belong to the bucket wants to enter, it is recognized by its smell and is not
allowed in. Bees protect their hives at the expense of their lives, and if they sting another living thing, their lives are
terminated. The location of the bee hives is very important, they should not be changed, otherwise, the bees will not
be able to find their hives. Each bee leaves its scent on the flowers it collects nectar and pollen so that no other bees
will land on those flowers [13] . At the same time, the bees dance and share the location of the flowers they mark
with other bees when they return to the hive. The life span of worker bees is a honey collection period, which takes
about 40 days. Worker bees do not live long enough to eat the honey they collect in winter. Bee physiology is
complex and it is important to understand it. Different technologies are also used to understand the physiology of
bees. One of these technologies is nanotechnology. Nanotechnology is widely used in every field today. In the
coming days, it is thought that we will encounter much more in daily life in different applications related to bees and
beekeeping in the near future [65-90].
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5. Conclusion

Bees are one of the most dependent populations on the ecosystem because they collect pollen and nectar and
transform various raw materials into products in nature as a way of life. For this reason, bee morphology and
anatomy have been a subject of great interest. The anatomy of the bee is divided into three segments: head, thorax,
and abdomen. The head is the part where important secretions are made due to its internal structure. The upper jaw
glands of worker bees secrete royal jelly at a young age and enzymes that break down sucrose at a later age. The
thorax movement in bees consists of four segments and the first ring of the abdomen is combined with the left ring
of the thorax. The sensory systems that provide the senses of smell, taste, and touch in bees are in the head. Thanks
to the strong muscles and nerve endings in the sensors, they can perceive wind speed and air temperature as well as
sensory organs. There are three pairs of legs and two pairs of wings, one in each of the three segments on the thorax.
Although the front wings are wider and more veined than the hind wings, they both work together during flight. The
wings are composed of two very thin membranes and are supported by a criticized vascular layer. In addition to the
movement of the bee, the legs provide antenna cleaning, clinging to the environment, and filling the pollen basket. It
is known that the morphological feature of the bee exhibits various adaptations according to climatic conditions and
vegetation. There are three types of bees in the hive: queen bee, worker bee, and drone. The developmental stage of
a bee goes through 4 different stages: egg, larva, pupa, and adult. The queen bee is the only species capable of
laying eggs, the fertilized ones form the worker bees, and the unfertilized ones form the drones. The importance of
the queen bee in the colony is the control of the bee community and the creation of an adequate brood population
with a balanced division of labor. Methods such as artificial insemination and queen bee insemination are frequently
used for the bee's selection ability and genetic improvement. In addition, our country has become a country where
various races are raised among the countries of the world, with its geographical location and natural wealth.
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Oz

Hemoglobin degerinin belirli bir referans araliginin altina diismesiyle ortaya ¢ikan ve ayni zamanda kansizlik olarak
adlandirilan anemi, teshis ve tedavisi igin birgok kan testine, radyolojik goriintiilere, tahlillere ihtiya¢ duyar. Bu gibi ¢ok fazla
iiretilen tibbi verilerin yaninda hastalik teshisinin konulmasinda doktor karar1 gereklidir. Hastalardan alinan tibbi veriler islenerek
yeni hasta bireyler i¢in hastaliklarin tahminleri yapilabilir ve bu tahminlerle doktorlar icin karar destek mekanizmalari
kurulabilmektedir. Doktorlarin hastalar i¢in koyacagi teshisteki yanilma paymi azaltma konusunda olduk¢a 6nemli olan bu
yontemler sayesinde saglik kurumlarindaki veri kayitlarinin degerlendirilmesi hasta ve hastaneler i¢in de dnem arz etmektedir.
Literatiirde anemi hastalig1 siniflandirma problemi icin gesitli yontemler kullanilmis olup, veri setlerindeki hasta kayit sayilarinin
degisiklik gostermesi, kan parametrelerin sayisinin ve 6zelliklerinin farkli olmasi gibi durumlardan dolay1 6nerilen algoritmalarin
performanslari veri setlerine gore degisiklik gostermektedir. Bu galigmada Kaggle veri tabanindan alinan anemi veri seti {izerinde
kandaki verilere dayali olarak anemi hastalig1 siniflandirmasi problemini ¢6zmek amaciyla Yapay Sinir Aglar1 (YSA) yontemleri
kullanilmigtir. Ogrenmeli Vektdr Kuantalama (LVQ), Rekabetgi Katman Sinir Agi (CLNN), Oriintii Tamima Yapay Sinir Agi
(PRNN), Kendiliginden Organize Olan Harita (SOM) yapay sinir ag1 yontemleri kullanilarak bagarim oranlari hesaplanmustir.
Elde edilen sonuglarin dogruluk degerleri ve karisiklik matrisleri verilerek 6nerilen dort yontem karsilastirilmistir. En iyi basart
performanst %100 hassasiyet ve %99,88 dogruluk, %99,86 ozgiillik, %99,43 kesinlik ile PRNN oldugu, onu takiben LVQ
oldugu sonucuna ulagilmusgtir.

Anahtar Kelimeler:Anemi siniflandirma, Ogrenmeli Vektor Kuantalama, Rekabetci Katman Sinir Agi, Oriintii Tamima Yapay
Sinir Agi, Kendiliginden Organize Olan Harita
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Classification of anemia disease using artificial neural networks
methods

Abstract

Anemia, which occurs when the hemoglobin value falls below a certain reference range and is also called anemia, needs
many blood tests, radiological images and analyzes for its diagnosis and treatment. In addition to such a large amount of
produced medical data, a doctor's decision is required in diagnosing the disease. By processing the medical data taken from the
patients, predictions of diseases can be made for new patients and decision support mechanisms can be established for doctors
with these predictions. Thanks to these methods, which are very important in reducing the margin of error in the diagnosis of
doctors for patients, the evaluation of data records in health institutions is also important for patients and hospitals. Various
methods have been used for the classification problem of anemia disease in the literature, and the performance of the proposed
algorithms varies according to the datasets due to the changes in the number of patient records in the datasets, the number and
characteristics of the blood parameters. In this study, Artificial Neural Networks (ANN) methods were used to solve the anemia
disease classification problem based on blood data on the anemia dataset taken from the Kaggle database. Performance rates were
calculated using the Learning Vector Quantization (LVQ), Competitive Layer Neural Network (CLNN), Pattern Recognition
Artificial Neural Network (PRNN), Self-Organizing Map (SOM) methods. The four proposed methods were compared by giving
the accuracy values and confusion matrix values of the obtained results. It was concluded that the best success performance was
PRNN with 100% sensitivity and 99.88% accuracy, 99.86% specificity, 99.43% precision, followed by LVQ.

Keywords: Anemia classification, Learning Vector Quantization, Competitive Layer Neural Network, Pattern Recognition
Artificial Neural Network, Self-Organizing Map
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1. Giris

Anemi hastalig1, insan saghgin etkileyen kiiresel bir saglik sorunudur [1]. Ozellikle kiigiik ¢ocuklari ve hamile
bireyleri etkilemektedir. Diinya Saghk Orgiitii’niin tahminine gore, diinya capinda 5 yasindan kiiciik
cocuklarin %42' si ve hamile kadinlarin %40' 1 anemiktir [2]. Kansizligin bu sekilde yaygin olmasi nedeniyle bu
calismada anemi hastalig1 siniflandirmasi iizerine ¢aligilmistir. Anemi kan testleri ile teshisin yapilabilmesi i¢in kan
tahlillerinin, radyolojik goriintiilerin vb. doktor tarafindan gézlenmesi gerekmektedir. Fakat bu siirecler, 6zellikle
gelismemis iilkelerde zor ve maliyetli olabilir [3].

Hastaliklar, hastaliklar1 erken donemde tespit etmek, hastaya uygun ilaglari recete etmek ve baslangic asamasini
kisa keserek kritik asamaya gelmemek gibi alternatif ¢oziimlerin iiretildigi bircok tibbi veri tiretir. Hastalardan elde
edilen bu tibbi veriler kullanilarak yeni hastalar i¢in hastalik tespiti yapilabilir. Bu durum da hekimlerin hasta i¢in
yapacaklar1 tanidaki hata payini en aza indirgemesi ve tan1 koymasina yardimci olmasi agisindan dnemlidir. Bu
sebeple de, saglik kurumlarindaki veri kayitlarinin degerlendirilmesi hastalar ve hastaneler i¢in oldukg¢a biiyiikk 6nem
arz etmektedir.

Saglik biliminde 6nemli bir yere sahip olan veri madenciligine dayali islemler; ¢ok sayidaki verileri
degerlendirerek yararli verilere doniistirme konusunda onemlidir. Diinya saglik orgiiti, bu islemlerin c¢esitli
hastaliklarin tahmininde 6nemli bir yerinin oldugunu belirtmistir [4]. Veri madenciligi yontemlerinin kullanildigr tip
alanindaki uygulamalardan biri hastalik teshisidir. Kanser, obezite, diyabet, tiroid, kalp hastaligi gibi hastaliklar veri
madenciligi yontemlerinin olduk¢a ¢ok kullanilarak tahmin {iretildigi hastaliklardir [5, 6, 7, 8, 9]. Meme kanseri
hiicrelerinin tahmin edilmesi i¢in yapilan ¢alismada C4.5 ve karar agaclari kullanilmis ve C4.5 karar agacinin
hastalik tan1 ve teshisinde %97.4359 dogruluk basarisi verdigi gozlemlenmistir [6]. Kalp hastaligi teshisi icin
yapilan bir ¢calismada ZeroR, OneR, Naive Bayes (NB), J48 Karar Agaci, Rastgele Orman(RF), Coklu Algilayicilar,
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k-NN, Lojistik Regresyon (LR), Destek Vektor Makinalart (SVM) gibi siniflandirma algoritmalari kullanilmistir [7].
Bu hastaliklarin teshisinde ¢esitli yontemlerin tekil kullaniminin yaninda hibrit yontemleri de kullanilmaktadir [10,
11,12, 13].

Literatiirde anemiyi smiflandirma probleminde kullanilan bir¢ok veri madenciligi yontemi mevcuttur. Bu
yontemler k-En Yakin Komsuluk (k-NN), Lojistik Regresyon, Bulanik Mantik (FL), Vektdr Niceleme Sinir Ag1
(LVQ) vb.dir Calismalarda kullanilan bu yontemler, farkli veri kiimelerindeki farkli 6zellikler nedeniyle iyi
performans gostermeyebilir. Veri setlerindeki farkli parametre 6zellikleri ve sayisi, hasta kayit sayisi degisikligi gibi
farkliliklar anemi hastaligt siniflandirma yontemlerinin basarisini 6nemli dl¢tide etkilemektedir. Bu nedenle de
calisilan veri setlerinin Ozellikleri ve parametre sayilari farkli olabileceginden yeni tekniklerin gelistirilmesi
onemlidir [14].

Yapay sinir aglar; gorlintii isleme, makine 6grenimi, dogal dil igleme, biyomedikal vb. alanlarda farkli
parametre ve yapilara sahip verileri siniflandirmak i¢in basartyla kullanilmistir [15, 16, 17]. Saglik alaninda yapilan
calismalarda yapay sinir aglar1 yontemlerinin yiiksek basar1 gosterdigi goriilmiistiir [18, 19].

Bu c¢alismada Kaggle veri tabanindan alman 1732 kan verisi, dort farkli yapay sinir ag1 yontemi kullanilarak
incelenmistir. Onerilen yontemler LVQ, CLNN, PRNN ve SOM yodntemleri ile analiz edilerek veri seti anemili /
saglikli birey olmak f{izere ikili siniflandirmaya tabii tutulmustur. Bu c¢alismanin 6zgiin degeri ¢oklu Kaggle veri
tabanindan alinan anemi hastaligi veri setine LVQ, CLNN, PRNN ve SOM yontemleri ile ¢6ziim ve sonuglarin
karsilastirmas1 ilk defa yapilmistir. Onerilen dort algoritmanin performansi anemiyi teshis etmek icin
karsilagtirilmistir ve ayrica literatiirde mevcut olan dnceki ¢calismalardan daha iyi bulunmustur. Makalenin bir diger
amact da Onerilen dort yontemden aneminin siniflandirtlmasinda elde edilen sonuglarin kargilagtirilmasidir.
Literatiirde anemi hastalig1 siniflandirmasi ile ilgili baz1 ¢aligmalar agagida sunulmustur.

2012 yilinda yapilan bir ¢alismada LVQ, ileri Beslemeli Aglar (FFN), Dagitilmis Gecikme Aglart (DDN),
Zaman Gecikmeli Aglar (TDN), Basamakli Ileri Aglar (CFN), Olasilikli Sinir Agi (PNN) gibi sinir ag1 cesitleri
kullanilarak kadinlarda demir eksikligi anemisi tahmini {izerinde calisgitlmistir [3]. En yiiksek basarim %99.33
dogrulukla LVQ ile smiflandirmada oldugu sonucuna varilmistir. YSA yardimiyla talasemi (akdeniz anemisi)
hastaliginin tespiti i¢in yapilan bir ¢alismada 10 farkli talasemi hastaliginin smiflandirilmasi i¢in yapilan testler
sonucunda ortalama %90 basarim performansi elde edilmistir [20]. Baska bir calismada kan merkezlerinden
toplanan verilerle anemi tahmini i¢in denetimli makine 6grenme algoritmalarindan NB, RF ve Karar agaglar1 (DT)
kullanilmustir [21]. Sonug olarak NB’nin daha iyi performans gosterdigi gozlemlenmistir. 2019 yilinda yapilan
baska bir ¢calismada Banglades’te 6zellikle bes yas alti ¢ocuklar igin ciddi bir halk sagligi sorunu olan anemi
hastaligim1  tahmin etmek i¢in makine Ogrenmesi algoritmalardan Dogrusal Diskriminant Analizi (LDA),
Simiflandirma ve Regresyon Agaglar1 (CART), SVM, RF, Lineer Regresyon kullanilmigtir [22]. Caligma sonucunda
RF algoritmasinin en iyi siiflandirma dogruluguna ulastigini, k-NN’in en diisiik dogrulugu verdigi goriilmiistiir.
2019 yilinda yapilan bagka bir ¢aligmada ise kan parametrelerine dayali anemi siniflandirmasi igin yeni bir makine
6grenimi yontemi (HEAC - Hemoglobin Tahmini ve Anemi Siniflandirmasi) onerilmis olup, literatiirdeki diger
makine 6grenmesi metodlariyla karsilastirilmistir [23]. Sonugta 6nerilen yontemin daha iyi performans gosterdigi
kaydedilmistir. 2020 yilinda SVM, Ekstrem Ogrenme Makinesi (ELM), k-NN ve Diizenlilestirilmis Ekstrem
Ogrenme Algoritmalar1 (RELM) gibi algoritmalarin kullanildigi ¢alismada HGB, RBC, HCT, MCV, MCH, RDW
ve MCHC gib ikan parametreleri kullanilarak beta-talasemi ile demir eksikligi anemisi hastaliklarinin tanisi igin
karar destek sistemleri gelistirilmis olup %95.59 oraninda basarim elde edilmistir [24]. Dort laboratuvar
sonuglarmin (MCV, MCH, MCHC, RBC) temel alinarak gelistirildigi kandaki demir eksikliginin tahmin edildigi bir
caligmada ANN ve uyarlanabilir bir néro-bulanik ¢ikarim sistemi (ANFIS) kullanilmistir [25]. Sonug olarak ANN
ile %96.29 ile en iyi performans elde edilmistir. PNN, FEN, Gini algoritmasi, Klon se¢im algoritmasi kullanilarak
demir eksikligi anemisi siniflandirma probleminde %98.73 basari elde edilmistir [26]. Baska bir ¢alismada demir
eksikligi anemisi i¢in HGB, RBC MCV, HCT kan degerleri kullanilarak ¢ikis olarak Anemi (+) ve Anemi (-)
degerlendirmesi yapilmistir [27]. Degerlendirmeler igin ANN, CDTA, k-NN yontemleri kullanilmis ve en yiiksek
basarim ANN ile %78.31 orani ile elde edilmistir. 2021 yilinda yapilan bir doktora tezinde gelistirilen bir yapay
zeka mimarisi ile 12 farkli anemi tipine teshis koyma caligmast yapilmistir. Tezde YSA, SVM, NB ve DT
yontemleri kullanilmistir. Caligma sonucunda, anemi tiirlerinin teshis edilmesinde DT yontemlerinin daha anlaml
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ve dengeli sonuglar verdigi ortaya konulmustur [28]. 2023 yilinda yapilan bir ¢alismada YSA kullanarak kan 6rnegi
goriintiilerinden kaydedilen renk bilgileri kullanarak hemoglobin degerleri tahmin edilmistir [29]. Yapilan baska bir
calismada da anemiyi tespit etmek i¢in RF, SVM ve diger makine 6grenme teknikleri kullanilmistir. Béyle anemi
tespit etme siireci otomatiklestirilmeye calisilmistir [30]. 2023 yilinda yapilan baska bir ¢aligmada ise avug igi
goriintiileri toplanarak CNN, k-NN, SVM, Naive Bayes ve Karar agaclart kullanilarak anemi saptama calismasi
yapilmustir [31].

Calismanin boliimleri su sekilde siralanabilir: Tkinci béliimde &nerilen yontemler hakkinda bilgiler verilmis,
iiciinci bolimde onerilen yontemlerin deneysel calismalari sunulmugtur. Dordiincii boliimde ydntemlerin basari
karsilagtirmasi yapilmis ve sonuglar vurgulanmaistir.

2. Materyal ve Yontem
2.1. Veriseti ve Onisleme

Yapilan calismada Kaggle veri tabanindan alinan 1732 adet hastaya ait kan verisi kullanilmistir. Veri seti, 351 adet
anemi hastasi ve 1381 adet anemi hastasi olmayan vakalardan olugsmaktadir. Her bir hasta verisinin kandaki kirmizi
kan hiicresi ya da alyuvar miktar1 olan RBC degeri, kirmizi kan hiicrelerinde depo edilen demir agisindan zengin
protein miktarini gosteren hemoglobin miktar1 yani HBG degeri, kirmizi kan hiicrelerindeki kanin hacimsel miktar1
olan HCT degeri, ortalama hiicre hacmi olan MCV degeri, belirli bir hacimde bulunan
hemoglobin miktarinin kirmizi kan hiicrelerine oran1 olan MCH degeri, tek bir kirmizi kan hiicresinin igindeki
ortalama hemoglobin miktar1 olan MCHC degeri alinarak 6 farkli kan bileseni ve buna karsilik anemi sonug bilgisi
yer almaktadir.

Sekil 1°de bu ¢alismada kullanilan yapinin semasi gosterilmistir.

Veri Seti

On isleme

1

Yontemler

CLNN
SoM
PRNN
LVQ

o

Simiflandirma
Sonucu

Sekil 1. Calismada kullanilan yapinin semasal gosterimi.
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Cizelge 1°de verilerin maksimum ve minimum degerleri gosterilmistir. Daha tutarli sonuglar elde edebilme amaciyla
verilerin on islenmesi asamasinda kan degerleri
0.1 ile 0.9 arasina c¢ekilerek normalizasyon islemi yapilmustir. Verilerin siniflandirilmasi igin Sekil 1°de de
gortldigi gibi LVQ, CLNN, SOM, PRNN yontemleri kullanilmistir.

Cizelge 1. Veri setindeki 6zniteliklerin listesi.

Ozellik Ad1 Minimum Maksimum Ortalama
HGB 2 13.100 4,484
RBC 3.600 16.700 12.453
MCH 15.700 52.110 38.003
WBC 2.900 116 84.907
MCHC 13.6 39.54 27.884
HCT 22.9 43.7 32.713

2.2. Rekabetgi Katman Sinir Ag

Bir grup néronun aktif olma hakki i¢in rekabet ettigi bir sinir agina rekabetgi sinir ag1 denir [32]. Ekstrem durum
olarak, eger birden fazla néron aktif olma hakk: elde etmisse, en biiyiik girdiye sahip diigiimiin aktivasyonu 1’e,
diger tiim diigiimlerin aktivasyonu 0'a esit olarak ayarlanir [33]. Bu durum “kazanan hepsini alir” mantigi olarak
bilinir. Rekabet¢i katmandaki ndronlar, genellikle girdi vektorlerini tanimak igin kendilerini dagitirlar [33].
Rekabetci aglarin noronlari, benzer girdi vektorlerinin gruplarini tanimayi 6grenir. Kazanan ndéronun agirliklart
Kohonen &grenme kurali ile ayarlanir [34]. Kohonen katmanindaki ¢ikis diigiimleri ile iligkili olarak bir agirlik
vektorii degerleri vardir. Rekabetci aglarin noronlari, benzer girdi vektorlerinin gruplarint tanimayr 6grenir. Cikti
sifira (kazanan ndron) esit degilse, belirli bir néron igin agirlik vektorii (w) degistirilir. Boylece agirlik vektori giris
vektoriine daha yakin olan ndron daha da yakin olacak sekilde giincellenir [35]. Sonug olarak, kazanan ndronun bir
daha benzer bir vektor sunuldugunda rekabeti kazanma olasiligi daha yiiksektir ve ¢ok farkli bir girdi vektorii
sunuldugunda kazanma olasilig1 daha diistiktiir [35].

2.3. Kendiliginden Organize Olan Harita

Girdi alaninin diisiik boyutlu (genel olarak iki boyutlu), ayriklastirilmis bir temsilini {iretmek i¢in denetimsiz
ogrenme kullanilarak egitilen bir tiir yapay sinir agidir. SOM aglari, 1981 yilinda Teuvo Kohonen tarafindan
gelistirilmis olup veri setindeki elemanlart hem haritalandirir hem de kiimelendirir [35, 36]. SOM aglarinin amact
¢ok boyutlu bir veriyi iki boyutlu bir haritaya indirgemektir [36]. Veri setindeki degisken sayisi girig néronlarinin
sayisini belirleyen SOM aglari, giris ve ¢ikis néronlarindan olugsmaktadir. Girig ndronlart diigiimlere agirlik katsayist
ile baghdir. Cikistaki diigiim sayis1 tercihe bagh segilir [35]. Caligma kapsaminda SOM analizi i¢in Neural Network
Toolbox Self Organizing Map araci kullanilarak yapilmustir.

2.4. Oriintii Tanmima Yapay Sinir Ag1

Oriintii tanmima, ham verileri alan ve desenin kategorisine gore bir eylem yapan bir siirectir. Belirli kosullara
dayal1 olarak en uygun sekilde kaliplar1 gikarir ve bir simfi digerinden ayirir. Oriintii tanima aglari, girdileri hedef
siniflara gore siniflandirmak i¢in egitilebilen ileri beslemeli, Griintii tanima tabanli aglardir. PRNN i¢in hedef veriler,

temsil edecekleri sinif olan i 6gesindeki 1 harig tiim sifir degerlerinin vektorlerinden olusur [37].

2.5. Ogrenmeli Vektor Kuantalama Yapay Sinir Agt
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Temel prensibi belirli sayida vektor kullanarak bir vektorii temsil etmek olup Kohonen tarafindan gelistirilmistir
[34]. SOM aglarinin bir ¢esididir. Bir LVQ agi, birinci rekabet¢i katmana ve ikinci bir dogrusal katmana sahiptir
[38]. “Kazanan her seyi alir” prensibinden yola ¢ikarak gelistirilen LVQ modelinini temel felsefesi, girisleri referans
vektor olarak ifade etmektir [38]. LVQ agi; giris katmani, Kohonen katmani ve ¢ikis katmani olmak iizere ii¢
katmandan olusur [39]. Giris katmaninda veriler aga sunulurken, Kohonen katmaminda referans vektorleri bulunur
ve bu katmanda gelen veriler komsulukluklarina gore yaristirilir. Cikis katmaninda ise en yakin néronun sinif bilgisi
yer almaktadir.

3. Deneysel Calisma

Calismada anemi ve anemi olmayan/saglikli bireyler olarak iki sinif ifade edilmistir. Test ve egitim asamasinda
tiim veri seti kullanilmigtir. Caligmada Intel Core i5 11400 F 2.6 GHz islemci ve 16 GB DDR4 bellege sahip bir
sistem {izerinde uygulama gercgeklestirilmistir. Caligma kapsaminda LVQ, PRNN, CLNN ve SOM kullanilarak
anemi veri seti iizerinde tahmin g¢aligmas1 yapilmistir. 4 farkli algoritmanin performansini kiyaslamak i¢cin ROC
analizi Olgiitii kullanilmistir. ROC analizi, ¢esitli yontemler ile elde edilen sonuglarin performansini karsilastirmak
amaciyla, sonuglarin Accuracy (dogruluk), Sensitivity (duyarlilik), Specificity (6zgiilliik), Precision (kesinlik), F1
skor olarak degerlendirilebilmesini saglayan bir yontemdir [40]. Veri madenciligi uygulamalarinda siklikla
kullanilmaktadir [41].

ROC analizi i¢in temel esitlikler Es. 1-5 ile gosterilmistir.

TP+TN

Accuracy = TP+TN+FP+FN @

Sensitivity = —— 2

Specificity = TN 3)

Precision = —— 4)
TP+FP

F1 — Score = 2.Precision.Sensitivity (5)

Precision+Sensitivity

ROC degerleri igerisindeki dogruluk degeri Es. 1 ile, duyarlilik degeri Es. 2 ile, 6zgiillik degeri Es. 3, kesinlik
degeri Es. 4, F1 Skor degeri Es. 5 ile hesaplanmaktadir. Bu hesaplamalar ile elde edilen sonuglar, 4 farkli yontemle
karsilagtirtlmistir. ROC analizinin amaci, ¢esitli metodlar ile elde edilen sonuglarin performansini karsilagtirabilmek
i¢in, sonuglarin duyarhlik, 6zgiilliik ve dogruluk olarak degerlendirilebilmesini saglayan bir metottur [40]. Analizde
kullanilan ROC parametreleri TP, TN, FP ve FN’dir. TP (True Positive); hasta olarak siniflandirilmis bir hastanin,
analiz sonucunda hasta olarak tespit edilmesiyken, TN (True Negative); saglikli olarak siniflandirilmis bir kayitin,
analiz sonucunda hasta olarak tespit edilmesidir. FP (False Positive); saglikli olarak tespit edilen bir kayitin analiz
sonucu test sonuclariin hasta olarak tespit edilmesiyken, FN (False Negative); hasta olarak tespit edilen kayitin
analiz sonucu test sonuglarinin saglikli olarak tespit edilmesidir.

ROC analizi i¢in genel konfiizyon matrisi Cizelge 2’de goriilmektedir.

Cizelge 2. ROC analiz konfiizyon matrisi.

Tahmin Edilen
0 1

25



Nagihan, Y., et al. (2023). / Journal of Scientific Reports-B, 8, 20-34

0 TN FP
1 FN TP

Gergek

Calismada kullanilan verisetinin ilk 10 hasta igin 6rnegi Cizelge 3’te verilmistir. Cizelgelerde verilen S sira, O
Oznitelik, M metot, T test degerlerinin kisaltilmis halidir. Calismada her bir yapay sinir ag1 igin 10 farkli test
yapilarak her bir test i¢in sonuglar ve en iyi sonuglar Cizelge 3-11°de listelenmistir.

Cizelge 3. Veriseti kayit 6rnegi.

S O RBC HBG HCT MCV MCH MCHC Sonuc
1 498 88 316 6352 17.72 27.82 1
2 483 109 359 7432 2262 30.42 1
3 434 11 34.7 80.02 2532 317 0
4 403 111 349 86.6 275 318 1
5 371 111 343 92.5 299 324 0
6 437 112 358 81.92 2562 313 0
7 4.2 122 344 819 29 35.5 0
8 362 108 33.3 92 208 324 1
9 434 772 26.6 61.32 17.72 28.92 1
10 405 101 325 80.22 2492 311 1

Cizelge 4. CLNN Yontemi i¢in ROC Analiz Sonuglari.

T M TP TN FP | FN | Accuracy | Sensitivity | Specificity | Precision F1
Testl | 291 | 1026 |60 | 355 | 0.7604 0.4505 0.9448 0.8291 0.5838
Test2 | 294 | 1028 |57 353 | 0.7633 0.4544 0.9475 0.8376 0.5892
Test3 | 298 | 997 53 384 | 0.7477 0.4370 0.9495 0.8490 0.5770
Test4 | 295 | 998 56 383 | 0.7465 0.4351 0.9469 0.8405 0.5734
Test5 | 297 | 999 54 | 382 | 0.7483 0.4374 0.9487 0.8462 0.5767
Test6 | 299 | 983 52 398 | 0.7402 0.4290 0.9498 0.8519 0.5706
Test7 |304 | 920 47 | 461 | 0.7067 0.3974 0.9514 0.8661 0.5448
Test8 | 293 | 1059 | 58 322 | 0.7806 0.4764 0.9481 0.8348 0.6066
Test9 |299 | 957 52 | 424 | 0.7252 0.4136 0.9485 0.8519 0.5568
Test 10 | 298 | 986 53 395 | 0.7413 0.4300 0.9490 0.8490 0.5709
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Cizelge 4’te gosterildigi tizere CLNN yontemi anemi hastalig1 veriseti iizerinde 10 kere ¢alistirilmistir. Her test
sonucunda TP, TN, FP, FN, Accuracy, Sensitivity, Specificity, Precision, F1-Score degerleri hesaplanmistir. Bu

hesaplamalara gore CLNN ydntemi i¢in ortalama ve en iyi sonug degerleri Cizelge 5°te verilmistir.

Cizelge 5. CLNN yontemi i¢in ortalama ve en iyi sonug.

¥ M Accuracy | Sensitivity | Specificity | Precision F1
Ortalama 0.7460 0.4361 0.9484 0.8456 0.5750
Envi 0.7806 0.4764 0.9481 0.8348 0.6066
(8.Test)
Cizelge 6. SOM yontemi icin ROC analiz sonuglari.

T M TP TN FP | FN | Accuracy | Sensitivity | Specificity | Precision F1
Test 1 241 1232 | 110 | 149 | 0.8505 0.6179 0.9180 0.6866 0.6505
Test 2 236 1248 | 115 | 133 | 0.8568 0.6396 0.9156 0.6724 0.6556
Test 3 235 1250 | 116 | 131 | 0.8574 0.6421 0.9151 0.6695 0.6555
Test 4 240 1240 | 111 | 141 | 0.8545 0.6299 0.9178 0.6838 0.6557
Test 5 236 1248 | 115 | 133 | 0.8568 0.6396 0.9156 0.6724 0.6556
Test 6 240 1241 | 111 | 140 | 0.8551 0.6316 0.9179 0.6838 0.6566
Test7 232 1257 | 119 | 124 | 0.8597 0.6517 0.9135 0.6610 0.6563
Test 8 237 1246 | 114 | 135 | 0.8562 0.6371 0.9162 0.6752 0.6556
Test 9 234 1250 | 117 | 131 | 0.8568 0.6411 0.9144 0.6667 0.6536
Test 10 | 236 1248 | 115 | 133 | 0.8568 0.6396 0.9156 0.6724 0.6556

Cizelge 6’da gosterildigi lizere SOM yontemi ile yapilan testler verilmistir. Bu test sonucuna gére SOM yontemi

icin ortalama ve en iyi sonug degerleri Cizelge 7°de verilmistir.

Cizelge 7. SOM yontemi igin ortalama ve en iyi sonug.

T M Accuracy | Sensitivity | Specificity | Precision F1
Ortalama 0.8561 0.6370 0.9160 0.6744 0.6551
Enivi 0.8597 0.6517 0.9135 0.6610 0.6563
(7.Test)
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Cizelge 8. PRNN yontemi i¢in ROC analiz sonuglari.

T M TP | TN FP | FN | Accuracy | Sensitivity | Specificity | Precision | F1
Testl | 3451|1380 |6 1 0.9960 0.9971 0.9957 0.9829 0.9900
Test2 | 347 | 1380 |4 1 0.9971 0.9971 0.9971 0.9886 0.9928
Test3 | 349 | 1381 |2 0 0.9988 1 0.9986 0.9943 0.9971
Test4 | 347 | 1380 |4 1 0.9971 0.9971 0.9971 0.9886 0.9928
Test5 | 347 | 1380 |4 1 0.9971 0.9971 0.9971 0.9886 0.9928
Test6 | 346 | 1380 |5 1 0.9965 0.9971 0.9964 0.9858 0.9914
Test7 | 346 | 1380 |5 1 0.9965 0.9971 0.9964 0.9858 0.9914
Test8 | 346 | 1380 |5 1 0.9965 0.9971 0.9964 0.9858 0.9914
Test9 | 347 | 1380 |4 1 0.9971 0.9971 0.9971 0.9886 0.9928
Test10 | 348 | 1380 | 3 1 0.9977 0.9971 0.9978 0.9915 0.9943

Cizelge 8’de gosterildigi tizere PRNN yontemi anemi hastalig1 veriseti iizerinde 10 kere calistirilmistir. Her test
sonucunda TP, TN, FP, FN, Accuracy, Sensitivity, Specificity, Precision, F1-Score degerleri hesaplanmistir. Bu
hesaplamalara gére PRNN yontemi i¢in ortalama ve en iyi sonug degerleri Cizelge 9°da verilmistir.

Cizelge 9. PRNN yontemi i¢in ortalama ve en iyi sonug.

¥ M Accuracy | Sensitivity | Specificity | Precision F1
Ortalama 0.9970 0.9974 0.9970 0.9881 0.9927
En iyi 0.9988 1 0.9986 0.9943 0.9971
(3.Test)
Cizelge 10. LVQ yontemi i¢in ROC analiz sonuglari.

T M TP | TN FP | FN | Accuracy | Sensitivity | Specificity | Precision | F1
Testl | 312 | 1354 | 39 27 | 0.9619 0.9204 0.9720 0.8889 0.9043
Test2 | 316 | 1349 |35 32 | 0.9613 0.9080 0.9747 0.9003 0.9041
Test3 | 316 | 1354 | 35 27 | 0.9642 0.9213 0.9748 0.9003 0.9107
Test4 | 313 | 1355 | 38 26 | 0.9630 0.9233 0.9727 0.8917 0.9072
Test5 |307 | 1349 |44 |32 |0.9561 0.9056 0.9684 0.8746 0.8899
Test6 | 314 | 1349 | 37 32 | 0.9602 0.9075 0.9773 0.8946 0.9010
Test7 | 318 | 1357 | 33 24 ] 0.9671 0.9298 0.9763 0.9060 0.9177
Test8 | 313 | 1351 | 38 30 | 0.9607 0.9125 0.9726 0.8917 0.9020
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Test9 |311 | 1352 |40 |29 | 0.9602 0.9147 0.9713 0.8860 0.9001
Test10 | 303 | 1346 |48 |35 |0.9521 0.8964 0.9656 0.8632 0.8795

Cizelge 10’da gosterildigi lizere LVQ yontemi ile yapilan testler verilmistir. Bu test sonucuna goére LVQ
yontemi igin ortalama ve en iyi sonu¢ degerleri Cizelge 11°de verilmistir.

Cizelge 11. LVQ yontemi i¢in ortalama ve en iyi sonug.

¥ M Accuracy | Sensitivity | Specificity | Precision F1
Ortalama 0.9607 0.9140 0.9726 0.8897 0.9017
En iyi 0.9671 0.9298 0.9763 0.9060 0.9177
(7.Test)

4. Sonuglar

Bu calisma kapsaminda Kaggle veri tabanindan 1732 adet hastaya ait kan verisi alinarak anemi hastalig1 tahmin
problemi iizerinde ¢alisilmigtir. Her bir hasta verisinin RBC, HBG, HCT, MCV, MCH ve MCHC kan degerlerinden
olmak tizere 6 farkli kan bileseni ve buna karsilik anemi sonug bilgisi yer aldigi veri tabanindaki bilgilerin
siniflandirilmast i¢in yapay sinir aglart yontemlerinden LVQ, PRNN, CLNN ve SOM aglari kullanilmistir.
MATLAB Neural Network Toolbox arayiizii kullanilarak modelleme yapilmugtir [42].

Egitim siirecinde kullanilan adimlar Cizelge 12’de listelenmistir. Performans fonksiyonu olarak tiim yontemler
igin Ortalama Kare Hatasi (Mse) kullamlmistir. Onerilen aglarin iterasyonlari, hizlari, hata oralari, egitim
fonksiyonlar1 ve uyarlamali 6grenme fonksiyonu olarak kullanilan fonksiyonlar Cizelge 12’de sunulmustur.
Calismada Matlab Toolbox kullanildigi i¢in kullanilan fonksiyonlara miidahale edilmemigtir. Egitim siirecinde tiim
veriler kullanilmis, test siirecinde yine tiim veriler test edilmistir. RBC, HGB, HCT, MCH, MCHC ve MCV
degerlerine sahip 1732 hastadan alinan kan 6rneginin kan analizi 6 giris néronu olarak kullanilmis ve sonug verisi
cikis olarak sisteme girilmistir. Onerilen yontemlerin Network Diagram’1 Sekil 2°de verilmistir.

Cizelge 12. Ag egitiminin karsilagtirilmasi.

. Zaman Egitim Uyarlamah
Iterasyonlar Hata (mse) . Ogrenme
(sn) Fonkisyonu .
Fonksiyonlar:
Trainr (Random
CLNN 1000 264 Egitim Yok Weight/Bias adaptwb
Rule)
Trainbu (Batch
SOM 200 0 Egitim Yok Weight/Bias adaptwb
Rule)
Trainscg(Scaled
PRNN 1000 2 0.005 Conjugate adaptwb
Gradient)
Trainr (Random
LVQ 1000 925 0.041 Weight/Bias adaptwb
Rule)
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Sekil 2. Onerilen yontemlerin Network Diyagramlari; (a) CLNN Network Diyagram, (b) SOM Network Diyagram,
(c) PRNN Network Diyagram, (c) LVQ Network Diyagram.

Sekil 2°de goriildiigii iizere Onerilen dort yontemin diyagramlart agiklanmak istenirse; Sekil 2(a) ve (b)’da
verilen CLNN ve SOM aginin diyagraminda transfer fonksiyonu olarak ‘compet’ kullamilmistir. Sekil 2(c) PRNN
agmin diyagrami 1 gizli katman ve 1 ¢ikis katmani olarak olusturulmustur.Gizli katmanda transfer fonksiyonu
‘tansig’, ¢ikis katmaninda ‘softmax’ kullanilmistir. Sekil 2(d) LVQ agmin diyagrami 2 katmanla olusturulmustur. 1.
katmanda transfer fonksiyonu olarak ‘compet, 2. katmanda ‘purelin’ kullanilmugtir.
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Sekil 3. Dort yontem igin en iyi sonug veren testlerin konfiizyon matrisi; (a) CLNN konflizyon matrisi, (b) SOM
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N
Target Class

N
Target Class

konflizyon matrisi, (c) PRNN konfiizyon matrisi, (d) LVQ konfiizyon matrisi

Cizelge 13. Tiim yontemler i¢in en iyi sonug.

. En iyi En iyi En iyi En iyi Eniyi F1-
Yontem Accur)e/lcy Sensiti¥/ity Specifi){:ity Precis)i/on SIZor
CLNN 0.7806 0.4764 0.9481 0.8348 0.6066
SOM 0.8597 0.6517 0.9135 0.6610 0.6563
PRNN 0.9988 1 0.9986 0.9943 0.9971

LVQ 0.9671 0.9298 0.9763 0.9060 0.9177

Sekil 3(a)’da CLNN agi igin yapilan 10 test sonucunda igin en iyi sonucu veren 8.testin, Sekil 3(b)’de SOM igin
en iyi sonucu veren 7.testin, PRNN i¢in en iyi sonucu veren 3.testin ve LVQ ig¢in en iyi sonucu veren 1.testin
konfiizyon matrisleri verilmistir. Cizelge 13’te tiim yontemlerin en iyi sonuclari tek bir ¢izelgede gosterilmistir.
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Matrisler ve sonuglar karsilastirildiginda PRNN test islemi sonucunda %100 hassasiyet ve %99,88 dogruluk,
%99,86 ozgiillik, %99,43 kesinlik ile anemi hastalig1 tespit etmede iyi bir performans gosterdigi sonucuna
ulagilmistir. Cizelge 14’te literatiir taramasi yapildigi kadartyla veri seti benzerligi gosteren diger ¢alismalarin
dogruluk performanslart listelenmistir. Cizelgede yer alan sonuglara gore Onerdigimiz yontem ile tibbi veri
siniflandirmasinin ¢ok yiiksek dogrulukla miimkiin oldugu gosterilmistir. PRNN’yi takiben dogruluk basarisinin
%96,71 ile LVQ, %85,97 ile SOM, %78,06 ile CLNN oldugu sonucuna varilmistir. Sonuclar degerlendirildiginde
LVQ, PRNN, CLNN ve SOM kullanilarak yapilan tahmin siirecinde 351'i anemili ve 1381'i anemisiz olmak {izere
toplam 1732 vakada 6 farkli kan bileseni kullanilarak hedeflenen ¢iktilara basariyla ulagilmistir. Bilindigi kadariyla
bu ¢aligma ile Kaggle veritabanindan alinan anemi hastalig1 veri setine LVQ, CLNN, PRNN ve SOM yontemleri ile
¢oziim ve ¢ozlimlerin karsilastirmasi ilk defa yapilmistir. Boylece bir hasta kaydinin anemi olup olmadiginin dogru
bir sekilde teshis edilmesi ve hekimlerin karar vermesine yardime1 olacak bir karar destek sistemi gelistirilmigtir. Bu
sunulan algoritmalar igin hastanin kanindan alinan yas, cinsiyet, kilo ve farkl: bilesenler gibi ekstra parametreler
eklenerek aneminin en iyi siniflandirmasi bulunabilir. Bundan sonraki hedefimiz ise, Tiirkiye’deki bir hastaneden
daha fazla parametreyi igeren yeni veri seti alinarak anemi tiplerini belirlemektir.

Cizelge 14. Calismamiza benzer ilgili ¢alismalar.

Parametre Yontem Kaynak Accuracy
HGB, RBC, MCH, WBC, 0699.33
MCHC, HCT FFN, CFN, DDN, TDN, LVQ, PNN [3] oI
MCV, RBC HGB, HCT, Ni(]'(\”\' LR, SD\./.M' ]Eg:rfm O(%r,e“me 24] %495.59
MCHC MCH. RDW akinesi ve Diizenli Ekstrem Ogrenme 095.
Makinesi
MCV MCH, MCHC, HGB, ANN ve uyarlanabilir bir néro-bulanik o
RBC ¢ikarim sistemi (ANFIS) [25] 7696.29
MCH, MCHT, MCV, RBC PNN, FFN, Gini algoritmasi, Klon 0
HGB, HCT se¢im algoritmasi [26] %98.73
HGB, RBC MCV, HCT ANE’NCNDTA [27] %78.31
HGB, HCT, MCH, MCV RF, Naive Bayes ve CDTA [21] %96.09
Onerdigimiz Yontemler icin Sonuclar
Parametre Yéntem Accuracy
CLNN %78.06
HGB, RBC, MCH, WBC, SOM %85.97
MCHC, HCT PRNN %99.88
LVQ %89.67

Tesekkiir

Yazarlarin 6zellikle tesekkiir edecekleri kimse bulunmamaktadir.
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Abstract

Free radicals and reactive oxygen derivatives that cause damage to cells are effectively reduced by antioxidants and
converted into products with less toxicity. Antioxidants must be taken into the body continuously to maintain living health. The
enzyme tyrosinase is an oxidase that catalyzes the oxidation of tyrosine in the synthesis of melanin, the pigment that gives color
to the skin. Over or under-expression of the enzyme can cause various skin problems and neurodegenerative damage in living
things. This study aimed to determine the antioxidant capacity of rosemary and green tea, two important plants that we consume
in our daily life in meals and as herbal tea, by determining the tyrosinase enzyme inhibition effects, total phenolic substance
content, and DPPH free radical scavenging activity. The natural extraction method is preferred. According to this method, green
tea and rosemary plants were dried and extracted with pure water by brewing method. The rosemary plant inhibited the
tyrosinase enzyme at 750 pg/ml concentrations by 75% and the green tea plant at 1000 pg/ml concentration by 77%. Total
phenolic contents were determined by the Folin-Ciocalteu method. Green tea (186 mg/GAE) was found to have the highest
phenolic content. Antioxidant capacities were determined by the DPPH(1,1-diphenyl-2-picryl-hydrazil) method, and their free
radical scavenging effects were determined. Trolox and BHT were used as positive controls in the DPPH method. Green tea and
rosemary showed the highest DPPH free radical scavenging activity at 1000 pg/ml concentration
Keywords: Tyrosinase, Antioxidant, Phenolic Substance, Rosemary, Green Tea

Baz1 bitki ¢esitlerinin tirozinaz aktivitesine etkileri ve antioksidan
Ozelliklerinin incelenmesi
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Oz

Hiicrelerde hasar olusturan serbest radikaller ve reaktif oksijen tiirevleri, antioksidanlar tarafindan etkili sekilde indirgenerek
daha az toksisitesi olan iiriinlere doniistiiriiliir. Canli sagligmin devamlilifi acisindan antioksidanlarin siirekli olarak viicuda
alinmas1 gerekmektedir. Tirozinaz enzimi, deriye renk veren pigment olan melaninin sentezinde tirozinin oksidasyonunu
katalizleyen bir oksidazdir. Enzimin ¢ok ya da az sentezlenmesi canlilarda cesitli cilt sorunlarina ve bazi noérodejeneratif
hasarlara yol agabilmektedir. Bu galismada giinliik hayatimizda yemeklerde ve bitki ¢ay1 olarak tiikettigimiz iki 6nemli bitkiden
biberiye ve yesil ¢ayin tirozinaz enzimi inhibisyon etkilerini, igerigindeki toplam fenolik madde miktar1 ve DPPH serbest radikal
giderimi aktivitesinin belirlenerek antioksidan kapasitesinin tespit edilmesi amaglanmigtir. Dogal ekstraksiyon yontemi tercih
edilmigtir. Bu yonteme gore biberiye and yesil ¢ay bitkileri kurutularak demleme metoduyla saf su ile ekstrakte edilmistir.
Tirozinaz enzimini, biberiye bitkisi 750 pg/ml konsantrasyonda %75, yesil ¢ay bitkisi ise 1000 pg/ml konsantrasyonda % 77
oraninda inhibe etmistir. Toplam fenolik icerikleri Folin-Ciocalteu yontemiyle belirlenmistir. En yiliksek fenolik igerige sahip
olan yesil ¢ay (186 mg/GAE) bulunmustur. Antioksidan kapasiteleri DPPH(1,1-difenil-2-pikril-hidrazil) metoduyla serbest
radikal giderim etkileri belirlenmistir. DPPH metodunda pozitif kontrol olarak Trolox ve BHT kullanildi. En yiiksek DPPH
serbest radikal giderim aktivitesini yesil¢ay ve biberiye 1000 pg/ml konsantrasyonda gostermistir.

Anahtar kelimeler: Tirozinaz, Antioksidan, Fenolik Madde, Biberiye, Yesil Cay
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1. Introduction

Toxic substances known as prooxidants, which cause oxidative stress in the structure of oils, nucleic acids and
proteins, can cause various diseases and pathological conditions. Free radicals can cause DNA and cell damage by
causing the structure of proteins to break down [1]. Antioxidants are known as preservatives that prevent or delay
the effects of these toxic substances, prooxidants. Free radicals and reactive oxygen derivatives that cause damage to
cells are effectively reduced by antioxidants and converted into products with less toxicity. Antioxidants have a very
important place in our lives for a healthy life and the smooth continuity of metabolic systems [2].

Enzymes are protein-structured substances that act as a biological catalyst in a chemical reaction, accelerate the
reaction, and remain unchanged after the reaction. There are various substances that increase or limit enzyme
activity in a chemical reaction. Substances that increase the activity of the enzyme are called activators, and
substances that have the opposite effect are called inhibitors. Inhibition of enzymes is used to treat many diseases or
to control undesirable enzyme activity for various conditions in pesticides. The mechanism of action of many
existing drugs is based on this. For example, most drugs used for Alzheimer's disease try to increase the amount of
acetylcholine that decreases in this disease by inhibiting the acetylcholinesterase enzyme. In another example of
inhibitor, It is aimed to treat diseases such as abnormal pigmentations on the skin, vitiligo and melasma, which are
caused by suppression of the tyrosinase enzyme [3,4].

The tyrosinase enzyme is an oxidase that catalyzes the oxidation of tyrosine in the synthesis reaction of the
substance that gives color to the skin, known as the melanin pigment in living things [5]. In the synthesis of melanin
pigment, if this synthesis is more or less, various diseases and disorders may occur in living things. While skin
aging, vitiligo and melasma are some of these disorders in humans, disorders in this enzyme can also cause quality
problems by causing darkening in plants and foods [6]. This abnormal synthesis of melanin causes aesthetic
problems for both humans and food in general [7]. In addition, the formation of neuromelanin can cause
neurodegeneration, which paves the way for serious diseases such as Parkinson's. Considering all these situations,
new natural compounds that will reduce melanin formation, act as a tyrosinase inhibitor and counteract the harmful
effects of synthetic inhibitors are widely researched [8,9].

Rosemary (Rosmarinus officinalis L.) is a perennial herb that grows naturally in the Mediterranean climate and
can stay green in summer and winter [10]. It is frequently used in folk medicine for therapeutic purposes and as a
flavouring for meals. It has a high antioxidant effect because it contains flavonoids, phenolic acids and triterpenes.
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Research on rosemary has proven its effects in treating microbial diseases and enhancing memory. In addition, the
effective studies of this plant on anticancer have attracted great interest in recent years [11].

Green tea (Camellia sinensis) is produced from the green shoots of tea containing various polyphenolic
compounds. Green tea has an important place among the popular herbal protection methods against many diseases.
Due to its high antioxidant properties, regular consumption of green tea prevents many diseases. It is counted among
the benefits of improving brain functions and protecting against various cancers. It has been determined that the
amino acid L-theanine in green tea, which can pass the blood-brain barrier, plays a role in the prevention of serious
neurodegenerative diseases such as Parkinson's and Alzheimer's [12].

Today, natural resources have begun to be preferred in cosmetic and pharmaceutical products. Therefore, the
importance of herbal, medicinal and aromatic plants is gradually increasing. The use of these plants in the treatment
of various diseases has been known since ancient times. The use of these medicinal plants as medicine inhibits
enzymes that cause diseases. The use of synthetic inhibitors in the tyrosinase enzyme is very limited. Therefore,
there is always a need for natural tyrosinase inhibitors [13,14].

This study aims to identify new natural inhibitors of tyrosinase enzyme. For this purpose, rosemary (Rosmarinus
officinalis L.) and green tea (Camella sinensis) plants were used. The inhibitory effects of these plants on the
tyrosinase enzyme were investigated and the total phenol content and antioxidant properties of these plants were
also determined.

2. Materials And Methods
2.1. Chemicals Used

Rosemary (Rosmarinus officinalis L.) and green tea (Camella sinensis) plants used in the study were purchased
from a local market in Sakarya. Tyrosinase (T3824-25 KU), L-DOPA, DPPH and other chemicals were obtained
from Sigma-Aldrich.

2.2. Preparation of Plant Extracts

Rosemary and green tea plants were obtained from a local market in Sakarya. 2 g of the plants were weighed and
100 ml of distilled water at 100 ° C was added to them and left to infuse for 10 minutes. After the infusion process
was finished, it was filtered through filter paper and the supernatant part was stored at 4 C for use in experimental
studies.

2.3. Tyrosinase Enzyme Inhibition

The enzyme inhibition method was modified and applied to plant extracts as in Yang et al.(2012)'s [15]. First of
all, 100 pul of 0.1M pH:6.8 phosphate buffer solution, 20 ul of 250 U/ml tyrosinase solution and 20 pl of plant
extracts (0, 10, 50, 250, 500, 1000 pg/ml) were mixed and added to the 96-well plate at 25°C for 10 min. Then, 20
pL of 3 mM L-DOPA substrate was added to these mixtures and incubated at 25°C for 30 min. The reaction
absorbance was measured at 492nm. All experiments were carried out in 3 repetitions. Ascorbic acid was chosen as
a positive control. Percent Inhibition of plant extracts was calculated with the following formula.

(%) = [(Acontrol-Plant) / Acontrol] x 100

Then, % relative activity was calculated and Icsy values were determined. Icsy is defined as the inhibitor
concentration that halves the enzyme activity.
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2.4. Determination of Total Phenolic Substance

Total phenolic content of plant samples was determined by the Folin-Ciocateu method [11]. 125 pl of 10%
Folin-Ciocalteu reagent was mixed with 300 puL of plant extract and 1825 pl of distilled water and left for 5 minutes.
After adding 250 pl of 20% sodium carbonate, it was kept for 30 minutes. The absorbance of the samples was
measured at 650 nm. Experiments were carried out in 3 repetitions. A standard curve was created with gallic acid
prepared at concentrations of 0, 10 50, 250, 500, 750 and 1000 pg'ml prepared with ethanol. The total phenolic
content of the plant extracts was determined as gallic acid equivalent per dry weight of the extract (mg GAE/g dry
extract weight).

2.5. DPPH Free Radical Removal Activity Analysis

Free radical scavenging activity was performed by changing the Blois method with 1,1-diphenyl-2-picrylhydrazil
(DPPH) radical [12]. 1 ml of plant extract with concentrations of 50, 250, 500, 750 and 1000 pg/pl was taken and 4
ml of 0.1 mM DPPH solution was added. 1 ml of pure water and 4 ml of DPPH solution were used as control
solution. As a standard, BHT and Trolox were prepared at the concentrations determined for the plants and the same
amount of DPPH solution was added. The reaction tubes were incubated for 30 min at 25°C and in the dark. The
absorbance was then measured with a spectrophotometer at 517 nm. The free radical scavenging activity was
calculated from the equation below.

DPPH Removal Activity :

( % inhibition): (A Control — A sample )/A Control x100
A control = CONtrol absorbance at 517 nm
A sample = Sample absorbance at 517 nm

3. Results
3.1. Tyrosinase Enzyme Inhibition

Tyrosinase is a crucial enzyme both in the formation of melanin pigment in humans and in the browning reaction
of plants. However, it causes disorders and diseases in these systems with its excessive work [18,19]. Therefore,
many synthetic and natural inhibitors of the enzyme are currently in development. In this study, the inhibitory
effects of infusing extracts of rosemary and green tea, which are widely used among the public, on the tyrosinase
enzyme were investigated.

The results were presented in Table 1. According to the results, it was observed that rosemary plant extract
inhibited the tyrosinase enzyme over 50% at 500 pg/ml and 750 pg/ml concentrations. Green tea extract inhibited
the enzyme more than 50% at concentrations of 500 pg/ml, 750 pg/ml and 1000 pg/ml. Ascorbic acid used as a
positive control inhibited the tyrosinase enzyme by 75% at 750 pg/ml. The inhibition rate was 77% at 1000 pg/ml,
where green tea showed the highest inhibition. This rate was even higher than the highest inhibition of ascorbic acid
used as a positive control. Rosemary and ascorbic acid showed 75% inhibition at 750 pg/ml concentration.

Table 1. % inhibition values of samples to tyrosinase enzyme activites

Concentration | Rosemary | Greentea | Ascorbic

(ng/ml) % % acid
inhibition inhibition | %
inhibition
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10 25.68 10 17
50 32 15 22
100 38 22 30
250 44 35 42
500 63 52 60.7
750 75 65 75
1000 - 77 -

IC5, value, their % relative activities were calculated first. The concentration versus % relative graph was plotted
and the inhibitor concentration that halved the enzyme activity was calculated from there. The results are given in
Table 2.

Table 2. 1Csq values of inhibitors

rosemary green tea ascorbic acid

ICso (ng/ml) | 334.4 538.1 391.64

3.2. Determination of Total Phenolic Substance

In this study, the total phenolic content of rosemary and green tea extracts was determined. Therefore, a standard
graph of gallic acid was drawn as seen in Figure 1.

0.008 -~
0.007 A
0.006 o
0.005 +
0.004 +
0.003 ~
0.002 A
0.001 +

0

y =0.003x + 0.0039
R?=0.9974

Abs. at 760 nm

0 0.2 0.4 0.6 0.8 1 1.2
Gallic acid concentration (mg/mL)

Figure 1. Gallic Acid Standard Curve
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According to the results obtained from the plant extracts we used and the Figure 1 equation above, green tea with
the highest total phenolic content (185 mg GAE/g) was determined. The total amount of phenol in our rosemary
extract was calculated as 176 mg GAE/g. Total phenolic amounts of our extracts are shown in Figure 2.

Total Phenolic Substanced

186 -
184 ~
182 ~
180 A
178 H
176 A
174 A
172 A
170 -

M GREEN TEA

mg GAE/G

m ROSEMARY

GREEN TEA ROSEMARY

Figure 2. The average amount of phenolic compound content of extracts

3.3. DPPH Free Radical Removal Activity

One of the most widely used methods to determine the antioxidant properties of antioxidant compounds is the
determination of DPPH free radical scavenging activity. In this study, DPPH free radical scavenging activities of
water extracts of rosemary and green tea plants were determined. For DPPH free radical scavenging activity,
samples were prepared at concentrations of 50, 250, 500, 750 and 1000 pg/ul and absorbance was measured at 517
nm. the results are given in graphic form in Figure 3 and Table 3.

100.00 -
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=70.00 A
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£40.00 4 mBHT
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20.00 -
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Figure 3. DPPH free radical removal % inhibition results

BHT and trolox were used as standard. Trolox showed greater than 90% inhibition at all concentrations. At a
concentration of 50 pg/ml, green tea showed 60.08% inhibition, an effect above standard BHT. Rosemary at a
concentration of 250 pg/ml had an effect of 53.95% and green tea had an effect of 73.63% on BHT. The other
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standard, Trolox, showed more inhibition of all with 90.4%. At 500 ug/ml concentration, rosemary showed more
inhibition than green tea with 86.45%. rosemary and green tea showed greater inhibition of BHT. Trolox showed
greater inhibition in this set as well.

Table 3. % inhibition values of DPPH free radical scavenging activity according to concentrations

Concentration | Rosemary Green tea BHT Trolox
(ng/ml) % inhibition % inhibition % % inhibition
inhibition

50 12.09 60.08 34.8 90.3

250 53.95 73.63 415 90.4

500 86.45 81.30 51.9 90.5

750 86.85 87.39 66.9 90.8

1000 89.58 9141 69.2 90.9

Green tea showed more effect than rosemary and BHT with 87.39% effect at 750 pg/ml concentration. Trolox
showed the highest inhibition effect at this concentration with 90.8%. Rosemary showed 89.58% and green tea
91.41% inhibition effects at a concentration of 1000 pg /ml. In these two values, it showed more inhibition than
BHT used as standard. Green tea, on the other hand, was the sample with the highest DPPH free radical scavenging
activity by showing more effect than all the substances used in this study.

4. Conclusion

In this study, the inhibition effect of rosemary and green tea plants on tyrosinase enzyme was investigated and
their antioxidant properties were determined. According to the findings, it was determined that the two selected
plants, especially green tea, had higher DPPH radical scavenging activity than the synthetic standard antioxidants
used. In addition, it has been determined that both plant extracts can be used as natural tyrosinase enzyme inhibitors
by inhibiting the tyrosinase enzyme. Green tea and rosemary are often used in alternative medicine for their
therapeutic properties. The results of our study also support this theory. It is thought that green tea and rosemary
extracts, which are natural tyrosinase enzyme inhibitors, can be a positive support in the treatment of various
diseases.
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0z

Beyin tiimorii, hiicre boliinmesinin kontrolden ¢ikarak hiicrelerin biiyiiyerek kitle haline gelmesinden meydana gelmektedir.
Kafatas: igerisinde sinirli bir alanda bulunan beyine baski olusturan tiimor biyiiditkge kisinin beyninin goérevlerini
gerceklestirmemesine neden olmaktadir. Her yas grubunda meydana gelebilen ve oldukga riskli olan bu tiimoriin teghisinin dogru
olmasi kiginin hayat fonksiyonlarinin da korunmasini saglamaktadir. MR Caligmanin nihai hedefi erken ve dogru teshis ile
kisinin yagsam fonksiyonlarina oldugu gibi devamini saglamaktir. Hastaliklarin dogru ve hizli teshisi i¢in yapay zeka sistemleri
kullanilmaktadir. Brain Tumor veri seti, CNN mimarisini temel alan ancak daha basarili sonuglar verebilen CNN-FL mimarisi
ile egitilmistir. Literatiirde yaygin kullanilan 4 aktivasyon ile egitimler gerceklestirilerek karsilastirilmalar yapilmustir.
Kullanilan aktivasyon fonksiyonlari ReLU, Leaky ReLU, GELU ve Swish aktivasyon fonksiyonlaridir. En yiiksek %98
siniflandirma bagarist GELU aktivasyon fonksiyonu ile elde edilmistir. Calismamizin sonunda yapay zeka kullanimi ile
gerceklestirilen model MR goriintiilerinden beyin tiimorii teshisine yardimer bir arag olabilecegini gostermektedir.

Anahtar kelimeler: CNN-FL, Beyin Tiimérii, Yapay Zeka, Derin Ogrenme, Aktivasyon Fonksiyonlar.

Comparison of CNN-FL model network performance according to
activation functions 1 diagnosis of brain tumor

ABSTRACT

A brain tumor occurs when cell division goes out of control and the cells grow into a mass. As the tumor grows, it puts pressure
on the brain, which is located in a limited area within the skull, causing the person's brain not to perform its functions. The
correct diagnosis of this tumor, which can occur in any age group and is quite risky, ensures that the person's life functions are
protected. The ultimate goal of the MR Study is to ensure that the person's life functions continue as they are with early and
accurate diagnosis. Artificial intelligence systems are used for accurate and rapid diagnosis of diseases. Brain Tumor dataset is
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trained with CNN-FL architecture, which is based on CNN architecture but can provide more successful results. Trainings were
carried out with 4 activations commonly used in the literature and their comparisons were made. The activation functions used
are ReLU, Leaky ReLU, GELU and Swish activation functions. The highest 98% classification success was achieved using the
GELU activation function. At the end of our study, we show that this artificial intelligence based model can be a helpful tool for
brain tumor diagnosis from MR images.

Keywords: CNN-FL, Brain Tumor, Artificial Intelligence, Deep Learning, Activation Functions.
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1. Giris

Beyin tiimorii, beyinde bulunan hiicrelerin yenilenmesi esnasinda hiicrelerin biiylimesi ve biiyliyen hiicrelerin
kitle haline gelerek beyinde yer edinmesi ile tiimorler olusmaktadir. Her yas grubunda olusabilen bu timdrler
kafatasinda basinca neden olmaktadir. Baskidan etkilenen beyin gorevini yerine getirememektedir. Tiimoriin erken
teshisi tedavi siirecini hizlandirmakta ve tedaviyi kolaylastirmaktadir. Tiimoriin kafatasi gibi sinirli bir alanda
biiyiimesi de erken teshisi dnemli kilmaktadir [1].

Giliniimiizde goriintii isleme teknolojisi ve yapay zeka tabanli yontemlerin tip alaninda da oldukga yayginlagmast
ile MR goériintiilerinden tiimor tespiti caligmalar1 yapilmaktadir. Bazi ¢aligmalarda simiflandirma igin 6znitelik
¢ikarma algoritmalar1 kullamilirken bazi ¢aligmalarda ise Oznitelik ¢ikariminin yam sira siiflandirma igin derin
6grenme yontemleri kullanilmaktadir.

Prema ve arkadaglar1 [2] tarafindan 2016 yilinda yapilan bir ¢aligmada Otsu algoritmasi kullanilarak timoriin
tespit edilmesine yonelik bir calisma gergeklestirilmistir. Otsu ve Watershed yontemleri CT(Computed
Tomography) goriintiilerine uygulanmitir. Hastaligin tiimorlii ve saglikli beyin olarak siniflandirilmasinda goriintii
isleme yontemleri kullanilmistir. Beyin kitle segmentasyonu ve 6zellik ¢ikarima islemi gerceklestirilmistir.

Havaei ve arkadaglari [3] tarafindan 2017 yilinda yapilan bir bagka ¢alismada ise derin sinir aglar1 (DNN, Deep
Neural Networks) kullanilmaktadir. Calisma 6zgiin ve yeni mimari ile gerceklestirilmekte ve kullanilan 2013
BRATS iizerinde de basari ile sonuglanmistir. Tiimoriin sekli, boyutu ve goriintii 6zelliklerinin baz alinmadigi
yontem Onerilmekte ve otomatik bir yontem gelistirdiklerini belirtmektedirler.

Calismamizda beyin tiimori teshisinde MR goriintiileri {izerinden erken teshis igin tani karar siirecinin en aza
indirilerek hastaligin dogru tanis1 hedeflenmektedir. Hedeflenen dogru teshis i¢gin CNN-FL mimarisi ile farkli
aktivasyon fonksiyonlari karsilagtiritlmaktadir.

2. Materyal Ve Method
2.1. Brain Tumor Veriseti
Bu caligmada farkli boyut ve agilardan elde edilmis 2.513 tane tiimorli beyin MR goriintiisii ve 2.087 tane

sagliklt beyin MR goriintiisii kullanilmaktadir. Sekil 1’de verisetinde bulunan 6rnek saglikli ve tiimorli beyin MR
gOriintiisii verilmistir.
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cancer cancer

Sekil 1. Saglikli ve tiimérlii beyin MR goriintiisii.
2.2. CNN-FL

CNN-FL (Convolutional Neural Networks- Federated Learning) basarisiz ag ¢iktilarinin basarisizlig ile iligkisini
ogrenerek tahmin i¢in bir model olugturmaktadir. Modelin olugumunda evrisimli sinir agini temel almaktadir [4].
Mimaride 10 adet evrisim katmani mevcuttur. Iki adet standart evrisim katmaninin ardindan ayrilabilir evrisim
katmanlar1 kullanilmaktadir. Egitim i¢in az veriye ihtiya¢ duymasindan dolay1 ayrilabilir (Separable) evrisim
kullanilmaktadir. Ayrilabilir evrisim 6grenmeyi iki adima ayirarak calismaktadir. CNN-FL mimarisinde ise 8
katmanda yer almakta sonrasinda ise havuzlama katmani ile devam etmektedir [S]. Mimari modeli Sekil 2’de
verilmektedir.

CNN-FL hata igin evrigimli bir sinir ag1 olusturur ve ag1 test durumlariyla egitir. Son olarak sanal bir test seti
kullanarak egitilen modeli test ederek her bir ifadenin siipheliligini degerlendirir. Caligmamizdaki veri setinin sanal
veri seti ile de test edilmesi ile dogru tan1 oraninin artmast hedeflenmektedir.
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Sekil 2. CNN-FL mimarisi [5].

Calisgmada MR goriintiilerinin siiflandirilarak tiimoriin tanimlanmasinda CNN-FL mimarisi kullanilmistir.
Model 32 batch size, 0.01 6grenme hizi, 10 epoch ile egitimm gergeklestirilmistir. Calismamizda evrisim
katmanlarindaki aktivasyon fonksiyonlar1 degistirilmistir. ReLU, Leaky RelLU, GELU ve Swish aktivasyon
fonksiyonlar1 kullanilarak analiz gergeklestirilmistir. Bu fonksiyonlarin karsilastirilmasi yapilarak basarilari analiz
edilmistir. Analizlere ait grafikler verilmistir.

Aktivasyon fonksiyonlari, néron i¢erisindeki degerlerin normallestirilmesinde kullanilmaktadir. ReLU (Rectified
Linear Unit) aktivasyon fonksiyonu en ¢ok kullanilan aktivasyon fonksiyonlarindandir. Bir diger adi ile
dogrutulmus lineer birim fonksiyonudur. Bu fonksiyon néron ¢ikist 0’dan biiylik oldugunda ¢ikis degerine, kiigiik
oldugunda ise ¢ikigi 0’a esitlemektedir [6]. Koordinat sisteminde gosterimi Sekil 3°de verilmistir. Fonksiyonun
matematiksel formiilii Es. 1°de asagida verilmektedir. Sekil 4 ve Sekil 5°de egitimin basar1 ve kayip grafikleri yer
almaktadir.

Sekil 3. ReLU aktivasyon fonksiyon grafigi [7].
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x, if x> 0 (active state)
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Sekil 4. ReLU accuracy (Dogruluk) grafigi.
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Sekil 5. ReLU loss (Kayip) grafigi.

Leaky ReLU, sizdirilan veya sizdiran ReLU olarak da bilinmektedir. Eksi sonsuza kadar giden bu aktivasyon
fonksiyonu negatif degerlerin 6grenilmesinde kullanilmaktadir [8]. Koordinat sisteminde gdsterimi Sekil 6 ’de
verilmistir. Fonksiyonun matematiksel formiilii Es. 2°de de asagida verilmektedir. Sekil 7 ve Sekil 8’de egitimin
basar1 ve kayip grafikleri verilmistir.
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Leaky RelLU

max(0.1 * x,x)

max (0.1 * x,x)

Sekil 6. Leaky ReLU aktivasyon fonksiyon grafigi[7].
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Sekil 7. Leaky ReLU accuracy (Dogruluk) grafigi.
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Sekil 8. Leaky ReLU loss (Kayip) grafigi.

Yiiksek performansi ile kullanilan GELU aktivasyon fonksiyonu gauss hatasinin dogrusal birimi olarak
bilinmektedir. ReLU aktivasyon fonksiyonundan gelen o6zellikleri birlestirerek isler [9]. Koordinat sisteminde
gosterimi Sekil 9’da verilmistir. Fonksiyonun matematiksel formiilii Es. 3°de asagida verilmektedir. Sekil 10 ve
Sekil 11°de egitim sonundaki accuracy (basari) ve loss (kayip) grafikleri verilmistir.

GELU

— LU — RELL GELU

Sekil 9. GELU aktivasyon fonksiyon grafigi[7].

GELU(x) = xP(X < x) = xd(x) = .2 [1 + erf (%)] 3)
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Sekil 11. GELU loss (Kayip) grafigi.

Google tarafindan gelistirilmis olan ve zor veri setlerindeki ¢alisma basarisi ile bilinen Swish aktivasyon
fonksiyonu goriintii igleme alanlarinda oldukg¢a iyi performans gostermektedir. Fonksiyonda x negatif sonsuza
yaklasirken y sabitlenir. X sonsuza yaklastiginda ise y de sonsuza yaklagmaktadir. ReLU’da x=0 aninda anlik yon
degisimi varken Swish aktivasyon fonksiyonunda bu y6n degisimi bulunmamaktadir [10]. Koordinat sisteminde
gosterimi Sekil 12°de verilmistir. Fonksiyonun matematiksel formiilii Es. 4’de asagida verilmektedir. Sekil 13 ve
Sekil 14’de egitimin bagar1 ve kayip grafikleri verilmistir.
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Swish
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Sekil 12. Swish aktivasyon fonksiyon grafigi [7].
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Sekil 14. Swish loss (kayip) grafigi.

Calisgmamizda CNN-FL mimarisi farkli aktivasyon fonksiyonlar ile test edilerek agin egitim basarist ve egitim
kayiplart karsilastirildi.  Literatiirde yaygin kullanilan 4 aktivasyon fonksiyonlar1 kullanilarak gergeklesen
egitimlerin performans sonuglar1 sonuglar kisminda yer alan Tablo 1, Tablo 2, Tablo 3, Tablo 4 ve Tablo 5 de
verilmektedir.

3. Sonuglar

Beyin tiimériiniin erken ve dogru teshisi hayati fonksiyonlarin devami i¢in olduk¢a Onem arz etmektedir.
Calismamizda MR goriintiilerinden tiimoriin teshisini farkli aktivasyon fonksiyonlar1 ve parametreleri kullanilarak
gerceklestirildi. Literatiirde yeni yer edinen CNN-FL mimarisi ile egitim gerceklestirilmistir. Tablo 1, Tablo 2,
Tablo 3 ve Tablo 4’de kullanilan aktivasyon fonksiyonlarinin timérlii ve saglikli beyinin teshisinde elde edilen
basar1 sonucglart verilmektedir. Tablolardaki sonuglar c¢aligmamizda tiimorli ve saglikli olarak dogru
siniflandirmanin gergeklestigini gdstermektedir.

Tablo 5’de aktivasyon fonksiyonlarinin performans sonuglari verilmektedir. Egitim sirasinda yalnizca aktivasyon
fonksiyonlarinin degisimi ile sonuclar elde edilmis ve %98.2608 model basaris1 GELU aktivasyon fonksiyonu ile
elde edilmistir.

Sonug tablolarindan da goriildiigii tizere CNN-FL modeli ile egitimler sonucunda dogru tani basarist oldukca
yiiksektir.

Cizelge 1. ReLU aktivasyon fonksiyonunun teshis basaris.

Kesinlik ~ Duyarhihik  F1-Score Support
Timérli  0.96 0.99 0.98 779

Saghkh 0.98 0.95 0.97 601

Cizelge 2. Leaky ReLU aktivasyon fonksiyonunun teshis basaris.

Kesinlik  Duyarhhk  F1-Score  Support
Tiimorli  0.98 0.99 0.98 779
Saghkh 0.98 0.98 0.98 601
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Cizelge 3. GELU aktivasyon fonksiyonunun teshis basarisi.

Kesinlik  Duyarhlik  F1-Score  Support
Timorli  0.98 0.99 0.98 779
Saglikh 0.99 0.97 0.98 601

Cizelge 4. Swish aktivasyon fonksiyonunun teshis basaris.

Kesinlik  Duyarhlik  F1-Score  Support
Timorli 097 0.98 0.98 779
Saglikh 0.98 0.97 0.97 601

Cizelge 5. Aktivasyon fonksiyonlarinin model basarisi (%).

Dogruluk
RelLU 97.2463
Leaky Rel.U 98.1884
GELU 98.2608
Swish 97.6811

Tesekkiir

Yazarlarin tesekkiir etmesi gereken herhangi bir kisi ya da kurulus yoktur.
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Giinimiiz teknolojilerindeki hizli gelismeler ile insanlar artik 6deme ve aligveris islemlerini dijital platformlar iizerinden
gergeklestirebilmektedir. Ancak, e-hizmetlerdeki 6deme giivenligi sorunlari, insanlari alternatif 6deme ydntemleri arayisina
yonlendirdi. Blokzincir teknolojisi sayesinde, merkezi otoriteye bagli olmayan ve tamamen giivenli bir sekilde 6deme yapilabilen
kripto paralar gelistirildi. Bitcoin, Satoshi Nakamoto'nun 2008 yilinda yayinladigi "Bitcoin: Esler Arasi Elektronik Para Sistemi"
adll makalesiyle tamitilan, merkezi bir otoriteye veya bankaya bagli olmayan dijital bir para birimidir. Ozellikle pandemi
siirecinde finans diinyasinda yatirimeilarin dikkatini ¢eken Bitcoin, yiiksek volatiliteye sahip bir piyasada islem gérmektedir. Bu
nedenle, ileriye yonelik fiyat tahminleri yapmak isteyenler i¢in biiyiikk 6nem tagimaktadir. Bu ¢aligmada Bitcoin yatirimcilarinin
kar payma olumlu bir katki saglayacak fiyat tahmini yontemi gelistirilmek istenmistir. Bitcoin’e sahip veriler bir zaman serisine
ait olmasi ve zaman serilerinin tahminlemesinde kullanilan bir model olan Random Forest Regresyon kullanilmistir. Model 2020-
2022 yillarina ait iki yillik Bitcoin verilerine gore egitilmistir. Modele ait istatiksel hata metrikleri ise MSE, R2, MAE ve RMSE
strastyla %0,031, %99,39, %31,16 ve %55,33 olarak hesaplanmustir.

Anahtar Kelimeler: Makine 6grenmesi, Finans, Bitcoin, Rastgele Orman Regresyon, Blokzincir

Bitcoin price prediction with random forest regression algorithm

ABSTRACT

With the rapid developments in today's technologies, people can now perform their payment and shopping transactions through
digital platforms. However, payment security problems in e-services have led people to seek alternative payment methods.
Thanks to blockchain technology, cryptocurrencies that are not dependent on the central authority and can be paid in a
completely secure way have been developed. Bitcoin is a digital currency that is not tied to a central authority or bank, introduced

55



Celik, S., & Ozdemir, D., (2023), Journal of Scientific Reports-B, 8, 55-64

in Satoshi Nakamoto's 2008 article entitled "Bitcoin: The Peer-to-Peer Electronic Money System". Bitcoin, which attracts the
attention of investors in the financial world, especially during the pandemic process, is traded in a market with high volatility. For
this reason, it is of great importance for those who want to make forward price predictions. In this study, it is aimed to develop a
price prediction method that will contribute positively to the profit share of Bitcoin investors. With Bitcoin, the data belongs to a
time series, and Random Forest Regression, a model used to predict time series, was used. The model is trained on two years of
Bitcoin data for the years 2020-2022. The statistical error measures of the model were calculated as MSE, R2, MAE and RMSE
as 0.031%, 99.39%, 31.16% and 55.33%, respectively.

Keywords: Machine Learning, Finance, Bitcoin, Random Forest Regression, Blockchain
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1. Giris

Satoshi Nakamoto'nun Ekim 2008'de yayinladigt makaleyle tanistigimiz Blockchain ve Bitcoin kavramlari, 2009
yilinda ilk islemi gergeklestirerek hayata gecmistir [2]. Blockchain teknolojisi, kripto para birimlerinin isleyis
prensibini kurarak isletmelerin ¢aligma seklini devrimlestirebilmeyi iddia etmektedir. Is siireclerinde aracilari
ortadan kaldirarak zaman ve maliyetleri azaltir [31]. Geleneksel finans sistemi merkezi bir yapiya sahipken,
Bitcoin'in en Onemli Ozelliklerinden biri merkeziyetsizlik ve sadece bir grup kod yazilimcisi tarafindan
desteklenmesidir. Bu kripto para birimi sayesinde, islemler ve transferler aracisiz olarak gergeklestirilebilmektedir,
boylece taraflar arasindaki giiven iligkisi artmaktadir. Bitcoin'in arkasindaki teknoloji, geleneksel finansal
diizenlemelerin disinda bir alternatif sunmakta ve gelecekte finansal sistemlerin nasil seklillenecegine dair 6nemli
ipuglar1 vermektedir. Merkeziyetsiz bir ag lizerinde ¢alistyor olmasi Bitcoin’i giivenli yapan unsurlardan biri olmak
ile bu durum bazi sakincalarda i¢erebilmektedir [3]. 2020'da pandeminin etkisiyle rekor yiikselis gostererek 63 bin
dolar seviyesine ulasan Bitcoin, kripto para madenciligine olan ilgiyi 6nceki donemlerde goriilmemis 6lgiide artirdi.
Gilinlimiizde de popiilerligi devam eden Bitcoin’in avantajlari; disaridan miidahalenin olduk¢a maliyetli olmasi, basit
kullanilabilirligi, giivenilirligi ve geleneksel yontemlere nazaran hizli ve ucuz transfer edilebilmesidir [3].
Dezavantajlar1 ise fiyat oynakliginin yiiksek ve risk oraninin yatirrm yapmak igin yiiksek olmasi, islem hizi ve
kapasitesinin rakiplerine gore olduk¢a diisiik kalmasi, Bitcoin blokzincirinin ¢aligmasi i¢in gereken yiliksek enerji
kullanimidir [3]. Alim satim yapan kisilerin {izerinde durmasi gereken bir diger maddeler ise Bitcoin fiyatinin nasil
belirlendigidir. Teorik olarak arz ve talep iligkisine gore belirlenmektedir. Bitcoin’in piyasadaki arz miktari belirli
oldugundan, fiyat dengesi risk istahina ve talebe gore belirlenmektedir [S]. Genel talebi ise birgok unsur etkiler;
merkez bankasi faiz kararlari, jeopolitik gerginlikler, global ekonomik krizler ve piyasalardaki risk istahi gibi
etkenler Bitcoin fiyatinda oldukea etkilidir [3, 5].
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Sekil 1. Blockchain Calisma Mekanizmasi [24].

Literatiirde bulunan birgok tahmin modeli arasindan regresyon modeller incelenmistir. Yapilan calismalara
orneklerden biri olan Alex ve Benjamin (2015) [9] 3 ¢esit regresyon modelini kullanarak ortalama kare hatalarini
(MSE) hesaplamislardir. Temel (Baseline) regresyon modelinde 2.02, Lineer (Linear) regresyon modelinde 1.94,
Destek vektor makinesi (Support Vector Machine (SVM)) regresyon modeli ile 1.98 sonuglarini elde etmislerdir.

Koksal vd. [8] tarafindan yapilan ¢alismada Bitcoin fiyat tahmini igin Lojistik Regresyon ve Naive Bayes
algoritmalart kullanilarak olusturulan modellerin basari oranlari1 karsilagtirilmigtir. Bu modeller, Bitcoin kelimesini
iceren giinliik pozitif tepkili tweet oran1 ve Bitcoin giinliik agilis degeri gibi verileri kullanarak Bitcoin'in kapanis
degerini tahminlemektedir. Elde edilen sonuglar géstermistir ki, Dogrusal Regresyon modeli R? degeri %88,97 ile,
Rastgele Orman Regresyonu modeli R? degeri ise %94,16 ile daha basarili sonuglar vermistir.

Metin [26] tarafindan yapilan ¢alismada ii¢ farkli kripto para igin Coklu Lineer Regresyon, Gradient-Boosted
Trees, Polynomial Regresyon modelleri incelenmistir. Bitcoin igin modellerin R? degerleri Coklu Lineer Regresyon
icin %99,99, Gradient-Boosted Trees igin %99,97, Polynomial Regresyon modelinde ise bu oran %100 olarak
hesaplamustir. Inceledigi diger kripto para ve modellerine gére Bitcoin’in Polynomial Regresyon modeliyle daha
uyumlu oldugu goriilmiistiir.

Literatiir de bulunan arastirmalarin yani sira bu ¢aligmada kullanilan iki yillik verinin pandemi dénemi sonlarini
ve sonrasini icermektedir. Tiim diinyay: etkisi altina almig bir pandemi déneminin dijitale olan talebin artmasina
neden olmus ve bu dénem icerisinde de Bitcoin iizerinde yiikselis trendinde oldugu gozlemlenmistir.

2. Materyal Ve Method
2.1. Veri Seti

Bir medya miilkii olan Yahoo aginin bir pargasi olan Yahoo Finans [16]; piyasa Ozetleri, finansal raporlar,
tarihsel alintilar ve haber akislar1 dahil olmak iizere diger finansal bilgileri sagladig igin bir dizi kitaplik, API veya
yontem olarak adlandirilabilecek giivenilir bir borsa verileri kaynagidir [15]. Tiim bunlar, finansal piyasalar igin
gercek zamanli veya tarihsel verilerin elde edilmesine yardimci olur. Manuel hisse kodu belirtmektense, KAP
(Kamuyu Aydinlatma Platformu)' dan aldigimiz ve siirekli giincellenen hisse kodlar1 sayesinde, yfinance
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modiiliinden verileri otomatize ederek alinmistir. Ulastigim verilerde veri analizinde kullanilan baglica komutlarla
veri setinin ilk 10 verisine, bos bir veri girdisi olup olmadig1 gibi temel islemlerle kontrolii yapilmistir. Ardindan
veri setinin hangi trende sahip oldugunun tespit edilebilmesi amaciyla bir grafigi ¢izdirilmistir.

2.2. Veri Gérsellestirilmesi ve Normalizasyonu

2 yillik Bitcoin verisine gore fiyat oynakliginin ve 2021'in Ocak ve Nisan aylar1 arasinda belirgin bir sekilde artis
yasadig1 gorillmiistiir.
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Sekil 2. Bitcoin Kapanig Fiyatlari.

Makine o&grenmesi algoritmalarinda bu oynaklik ve genis fiyat skalasi ile dogru bir tahminleme
yapilamamaktadir. Tahminlemenin daha tutarli olabilmesi adina verilerin daha dar bir skala icerisinde yer almasini
saglamak i¢in normalizasyon islemlerinin ger¢eklestirilmelidir. Verilerin normalizasyonu i¢in kullanilan istatiksel
ve matematik yontemlerinden biri olan logaritma alinarak normalize edilmistir.
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Sekil 3. Normalize Edilmis Bitcoin.
2.3. Rastgele Orman Regresyonu

Bu projede Python’un agik kaynak kodlu kiitiiphanelerinden scikit-learn igerisindeki makine 6grenimi
modellerinden biri olan Rastgele orman modeli kullanilmigtir. Rastgele orman modeli, denetimli makine
6grenmesinin bir yontemi olarak kullanilan bir agac tabanli topluluktur [19, 20]. Bu ydntem, rastgele degiskenler
topluluguna bagl agaclardan olusmaktadir. Leo Breiman, bu yontemi 1997'de Amit ve Geman'in ¢alismalaridan
esinlenerek tanitmistir. Rastgele orman modeli, Breiman'in Bagging fikrinin bir uzantisidir ve boosting yontemine
alternatif bir yontem olarak gelistirilmistir [21]. Bu model, siniflandirma ve regresyon problemlerinde kullanilabilir,
diger yontemlere gore daha hizli egitilmesi ve tahmin yapmasi, az sayida diizenleme parametresi gerektirmesi ve
cok boyutlu problemlere dogrudan uygulanabilmesi gibi 6zellikleri nedeniyle tercih edilmektedir. Rastgele orman,
bankacilik, borsa, tip ve e-ticaret gibi bir¢ok farkli sektorde kullanmilmaktadir [28,29,30]. Rastgele Orman
Regresyonu Isleyisi Sekil 4'te sunulmustur.
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Sekil 4. Rastgele Orman Regresyonu Isleyisi [23].

3. istatiksel Hata Metrikleri
3.1. Ortalama Kare Hata

Ortalama kare hata, 6zellikle regresyon modellerinde siklikla kullanilan bir performans metrigidir. MSE, ger¢ek
ve tahmin edilen degerler arasindaki farklarin karelerinin ortalamasidir. Ortalama kare hata daha yiiksek hatalarin
daha fazla agirligina sahip oldugu bir Olgiittiir. Bu nedenle, biiyiik hatalarin model performansini daha fazla
distirecegi durumlarda kullanilir. Ortalama kare hata degeri sifira yaklastikga, modelin tahminleri gergek degerlere
daha yakin hale gelir ve modelin performansi artar. Ancak, ortalama kare hatanin yorumlanmasi i¢in gergek
degerlerin araligina ve veri kiimesinin 6zelliklerine gore degerlendirme yapilmasi gerekmektedir.

~\2
MSE = = 2N 4y, — 9)) (1)

3.2. Kok Ortalama Kare Hata

Ortalama kare hatanin karekokii alinarak elde edilir ve gercek degerler ile tahmin edilen degerler arasindaki
farklarin biiyiikliiklerinin ortalamasini verir. RMSE, Ortalama kare hatadan farkli olarak biiyiik hatalarin daha fazla
cezalandirilmasini saglar. Bu 6zellik, 6zellikle bilyiik hatalarin dnemli oldugu durumlarda daha uygun bir metrik
haline gelmesini saglar. Ayrica, RMSE degeri, tahminlerin gergek degerlere ne kadar yakin oldugunu gosterir ve
farkli modellerin performanslarin karsilastirmak i¢in kullanilabilir.

@i-y)?
RMSE = [X2, == )

3.3. Ortalama Mutlak Hata

Ortalama mutlak hata (MAE), regresyon ve zaman serisi problemlerinde siklikla kullanilan bir performans
metrigidir ve gercek ile tahmin edilen degerler arasindaki mutlak farklarin ortalamasini hesaplamaktadir. Ortalama
mutlak hata, her bir veri noktasinin model performansina esit agirlik verdigi bir olgiittiir. Bu nedenle, kiigiik
hatalarin da biiylik hatalar kadar énemli oldugu durumlarda kullanilmaktadir. Ortalama mutlak hata degeri sifira
yaklastikga, modelin tahminleri gercek degerlere daha yakin hale gelir ve modelin performansi artar. Ortalama
mutlak hata, kolay yorumlanabilir bir metrik oldugu i¢in 6zellikle endiistriyel ve ticari uygulamalarda tercih edilir.

1

MAE = -~ i=1lx; — x| ®)

3.4. Diizeltilmis R Kare (R?)
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Diizeltilmis R kare hata metrigi, bagimsiz degiskenlerin bagiml degiskendeki varyasyon oranini 6lgerek modelin
dogrulugunu belirler. R® hata metrigi, asir1 uyum sorununu goz ardi ettigi i¢in modelin test verilerinde basarisiz
olma olasiligint artirabilir. Bu sorunu dnlemek igin, diizeltilmis R kare hata metrigi, modele eklenen ek bagimsiz
degiskenleri cezalandirarak asir1 uyum sorununu azaltir. R? degeri, deneysel verilerin dogrusal bir egriye ne kadar
iyi uyduruldugunu gosterir ve 1'e yakin olmasi tercih edilmektedir.

SSRegression 2‘(3"—37‘)2
RZ — 1 _ g — _ iV i 4
SStotal i) “)

4. Bulgular

Yahoo finanstan alinan 2 yillik verinin secilen model ile fiyat tahminlemesi yapilmis ve hata Olcitleri
incelenmistir. Tablo 1’ de secilen modele ait kesinlik degerleri yer almaktadir. Tahmin igin rastgele orman
regresyonu modeli segilmistir. Bu modele ait R? degeri 0.9939, MAE degeri 0.0031, RMSE degeri 0.0055, MSE

degeri 0.00003 1olarak hesaplanmustir.

Tablo 1. Segilen Modele Ait Hata Olgiitleri

Hata Olgiitleri ~ RFR Modeli

R 0.9939
MAE 0.0031
RMSE 0.0055
MSE 0.000031

Elde edilen bu sonuglarla beraber tahminleme islemimizi tamamlayabilmek adina en son logaritmasini aldigimiz
verilerin eksponansiyel degerine cevirerek asina oldugumuz fiyat tahminlerini elde edilmistir. Tahmin edilen
fiyatlarin Sekil 5.” te mevcuttur.
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Sekil 5. Tahmin Edilen Fiyatlar (BTC-USD).
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5. Sonuclar ve Tartisma

Nakamoto’nun yapmig oldugu "Bitcoin: A peer-to-peer electronic cash system," adli ¢aligmasiyla giindeme gelen
sanal para mekanizmasi olan Bitcoin, herhangi bir otorite olmadan bagimsiz yapida olan dijital para birimidir.
Pandemi doneminde alig-satis faaliyetlerinin artmasi ile popiilerligini arttirmis olan Bitcoin yeni kriptoloji
yontemlerinin denenmesini ve gelecek fiyat tahminlerinin yapilmasini tetiklemistir. Kripto para birimlerinin
fiyatlari, diger menkul degerlerden farkli olarak bagimsiz bir fiyatlandirma yapisina sahiptir. Bitcoin de dahil olmak
iizere kripto varliklarinin fiyatlart oldukca dalgalidir ve farkli faktorlerin etkisiyle hizli degisiklikler gosterebilir. Bu
nedenle, kripto paralar1 gelecekte tahmin ederken, iilkelerin kripto para birimlerine olan tutumlariin da géz 6niinde
bulundurulmas1 faydah olacaktir. Ulkelerin kripto para birimlerine olan tutumlari, fiyat dalgalanmalarina neden
olabilecek 6nemli bir faktordiir.

Bu ¢aligmada regresyon modellerinden birini kullanarak 2020°den 2022’ye kadar olan ve pandemi siirecini de
icinde barindiran veri setiyle Bitcoin igin tahmin yapilmustir. Literatiirde incelenen diger c¢alismalarla
kargilastirldiginda kullanilan modelin R? degeri %99.39 ile oldukga yiiksek bir sonuca sahip oldugu ve modelin
verilerle iyi bir uyum sagladig: goriilmiistiir. Elde edilen bulgulardan biri olan MSE degerinin de ¢ok diisiik olmasi,
modelin diisiik hata ile tahminler yapabildigini sdyleyebiliriz [22]. Bu g¢alismayla segilen model rastgele orman
regresyonu ve literatlir genelinde iizerinde g¢alisilmis olan regresyon gesitlerinin Bitcoin tahmin ¢alismalarinda
basarili oldugu ve kullanilabilir oldugu gézlemlenmistir.

Gelecekteki caligmalarda elde edilen bulgularin giivenilirligini garanti etmek ve modelin genel performansin
daha iyi degerlendirmek i¢in ¢esitli veri kiimeleri ve degerlendirme teknikleri kullanilabilir. Bdylece modelin ¢esitli
piyasa kosullarinda ve farkli zaman araliklarinda nasil ¢alistigini anlamamiza yardimci olabilir ve tahminlerin genel
gecerliligini artirabilir. Bitcoin fiyat tahmini alaninda daha derinlemesine bir bakis elde etmek i¢in ise bir dizi
regresyon modeli ve tahmin yontemi degerlendirilmesi gerekebilir. Bu, gelecekteki arastirmalarda farkli veri setleri
(borsa verileri vb.) kullanarak kiyaslamalar yapmak ve daha kapsamli arastirmalar yapmak i¢in ¢esitli tekniklerin
kullanilmasina olanak saglayabilir. Bu g¢alismanin sonuglarini daha derinlemesine inceleyerek ve Bitcoin fiyat
tahminini gelistirmek icin gesitli teknikler gelistirerek arastirmacilar, Bitcoin fiyat tahminine 6nemli bir katki
saglayabilirler.
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Ozet

Otonom mobil robotlarin, engellerin oldugu bir ortamda engellere ¢arpmadan basglangi¢ noktasindan hedef noktaya kadar olan yolu planlamasi
zor bir problemdir. Bu amagla, baglangi¢ noktasindan hedef noktaya giden yolu bulmak ve engellere carpmamak i¢in gelistirilen metasezgisel
optimizasyon algoritmalar1 kullanilmaktadir. Bu ¢alismada, robotun belirli bir alanda yol planlama problemini ¢ozen bazi algoritmalar
kullanilarak robotun ¢esitli yol planlama problemlerindeki performansinin karsilagtirilmasina deginilmistir. Bu amacla Farksal Geligim
Algoritmasi (DE), Parcacik Siiriisii Optimizasyon Algoritmasi (PSO), Gri Kurt Optimizasyon Algoritmasi (GWO) ve Karinca Aslani1 (ALO)
algoritmalarinin ayn1 ve farkli engelli ortamlardaki performanslar1 karsilagtirilmistir. Karsilastirma sonuglarinda bu algoritmalarin engele
garpmayan uygun bir yol giizergahi planladiklar1 ve algoritmalarin rekabetci sonuglar trettikleri goriilmektedir. Algoritmalar ayni ve farkli
sekilli engellerin oldugu ortamlardaki performans sonuglari incelendiginde yakin sonuglar elde edildigi degerlendirilmistir. Engellerin sayisinin
arttirilmasi algoritmalarin yol planlamada performans diismesine neden oldugu goriilmekle beraber ortalama bir tekrar sayisinda (5 ve 10 tekrar
arasi) algoritmalarin gerekli optimum performansa ulastiklari degerlendirilmektedir.

Anahtar kelimeler: Robot Yol Planlamasi, Metasezgisel Algoritmalar, Otonom Mobil Robotlar.

Comparison of Performances of Metaheuristic Algorithms for Autonomous
Mobile Robots In Various Path Planning Problems

Abstract

It is a difficult problem for autonomous mobile robots to plan the path from the starting point to the target point without hitting the obstacles in
an environment with obstacles. For this purpose, heuristic optimization algorithms developed to find the way from the starting point to the
target point and not to hit the obstacles are used. In this study, the comparison of the robot's performance in various path planning problems is
discussed by using some algorithms that solve the robot's path planning problem in a certain area. For this purpose, the performances of
Differential Enhancement Algorithm (DE), Particle Swarm Optimization Algorithm (PSO), Gray Wolf Optimization Algorithm (GWO) and
Ant Lion (ALO) algorithms in the same and different handicapped environments were compared. In the comparison results, it is seen that these
algorithms plan a suitable road route that does not hit the obstacle and the algorithms produce competitive results. When the performance
results of the algorithms in the environments with the same and different shaped obstacles are examined, it is evaluated that close results are
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obtained. Although it is seen that increasing the number of obstacles causes a decrease in the performance of the algorithms in path planning, it
is evaluated that the algorithms reach the required optimum performance in an average number of repetitions (between 5 and 10 repetitions).
Keywords: Robot Path Planning, Meta-heuristic Algorithms, Autonomous Mobile Robots.
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1. Giris

Metasezgisel algoritmalar optimizasyon problemlerinin ¢6ziimiinde son yillarda ¢okga kullamlmaktadir. Metasezgisel
algoritmalar genel olarak dogadaki siiriilerin sosyal davraniglarini ilham alir ve taklit eder [1]. Mobil robotlar igin yol
planlamasinda metasezgisel algoritmalar ile, belirli kosullar altinda ve belirli bir alanda bir baslangi¢ noktasindan bir hedef
noktasina optimal veya optimale yakin olacak sekilde engellere ¢arpmayan bir yol olusturulmasi amaglanmaktadir [2]. Son
yillarda 6zellikle engellerden kagan yol planlamasi problemi ile ilgili birgok aragtirma ve ¢aligma yapilmigtir [3,4].

Bu caligmalarda amag¢ robotun nereden nereye ve engellere ¢arpmadan nasil gidecegini bulmaktir. Bu sebeple robotun
engellere carpmadan, baslangi¢ noktasi ile hedef noktasi arasinda miimkiin olan en kisa ve en az maliyetli yoldan hareket etmesi
amaclanmaktadir [5]. Bu ¢aligmada popiiler sezgisel optimizasyon algoritmalarindan DE [6], PSO [7], GWO [8] ve ALO [9]
algoritmalarinin  ¢esitli yol planlama senaryolarindaki performanslarinin karsilagtirllmasindan  bahsedilmektedir. Bu
algoritmalarin temel ve popiiler algoritmalar olmasindan dolay1 yol planlamasindaki performanslari incelenmistir [5-9]. Bu
amagla ele aldigimiz algoritmalar1 birgok farkli senaryoda performanslarini karsilastirarak hangi algoritmalarin hangi yol
planlama problemlerinde daha iyi sonug¢ verdigi degerlendirilmektedir. Farksal Gelisim Algoritmasi (DE), Parcacik Siiriisii
Optimizasyon Algoritmast (PSO), Gri Kurt Optimizasyon Algoritmast (GWO) ve Karinca Aslani Optimizasyon (ALO)
algoritmalart tek tip ve farkli engellerdeki performanslari ve farkli tip ve sayidaki engellerdeki performanslari karsilastirmali
olarak sunulmaktadir.

2. Yol Planlama Problemi

Glintimiiz teknolojik gelismeleri dikkate alindiginda 6zellikle endiistride mobil robotlara daha fazla ihtiya¢ duyulmakta, bu da
robotlar ile ilgili ¢alismalarin artmasina neden olmaktadir [10]. Robot teknolojisinin, askeri, bilimsel, endiistri gibi alanlarda
cok¢a kullamldigi goriilmektedir [11]. Robot teknolojisindeki bu ihtiyaglarin giderek artmasi robotlarm yol problemini de
beraberinde getirmektedir. Robotlarin yol problemini miimkiin olan en az maliyetle ¢6zmesi gerekmektedir. Yol planlama
problemi, baslangi¢ noktasindan hedef noktaya uygun bir yol bulmay1 amaglar. Ayrica robotlarin hareketli oluslar1 beraberinde
yiiksek enerji kullanim sorununu ortaya ¢ikarmaktadir. Bu nedenle mobil robotlar i¢in en kisa yol bulunmasi problemi daha
onemli hale gelmektedir. Mobil robot i¢in yol planlamasi, engelli bir alanda bir baslangic konumundan bir hedef konumuna
engellere ¢carpmadan miimkiin olan en kisa glizergah1 bulmaktir. Literatiirde yol planlamas: ile ilgili metasezgisel algoritmalarin
tekil ve hibrit kullanilmasi gibi ¢esitli yaklagimlar bulunmaktadir [11,19,20]. Bu ¢alismada giincel ve popiiler bazi algoritmalar
yardimiyla yol planlamasi probleminin ¢6ziimiiniin karsilasgtirmali olarak incelenmesi amaglanmaktadir. Yol planlama
probleminin amag fonksiyonu agagida verilmistir:

J = miny, Q(1 + BV) @)
Burada # ihlal katsayis1 (100), V ihlal maliyetini belirtir, Q baslangi¢ ve hedef noktalar arasindaki toplam mesafeyi gosterir.
3. Metasezgisel Algoritmalar

Metasezgisel algoritmalar, bir problemi ¢6zmek i¢in dogal olaylardan ilham alan ve buna gdre matematiksel olarak
modellenen algoritmalardir. Bu algoritmalar kesin ¢0ziimil garanti etmezler ama yakinsama 06zelligine sahip olduklarindan
dogruya yakin bir ¢6ziim bulurlar. Optimizasyon kelime olarak en uygun, en iyileme anlamina gelmektedir. Bir problemin
¢Ozlimil igin, belirli sartlar dahilinde tiim ¢6ziimler arasindan en iyi ya da en uygun ¢6ziimii elde etme islemidir.

Birgok metasezgisel algoritma bulunmaktadir. Calismada DE, PSO, GWO ve ALO algoritmalarindan yararlanarak yol
planlama problemin performanslart karsilagtirilmistir. DE, Price ve Storn tarafindan gelistirilen, isleyis bakimindan genetik
algoritmaya dayanan popiilasyon temelli sezgisel bir optimizasyon teknigidir. Algoritma, siirekli parametrelerin sdz konusu
oldugu durumlarda basarili sonuglar veren bir algoritmadir [12]. PSO, sosyolog-psikolog James Kennedy ve Russel Eberhart
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tarafindan gelistirilen, kus ve balik siirii hareketlerinden ilham alarak dogrusal olmayan niimerik problemlere optimum ¢dziimler
bulmak igin gelistirilmis popiilasyon tabanli bir optimizasyon yontemidir [13]. GWO, Seyedali Mirjalili ve arkadaslar tarafindan
onerilmistir. GWO dogadaki gri kurtlarin liderlik hiyerarsisini ve avlanma mekanizmasini taklit eder. Liderlik hiyerarsisini
simiile etmek igin alfa, beta, delta ve omega gibi dort tiir gri kurt kullamilir [14]. Ayrica avlanma, av arama, avin etrafini sarma ve
ava saldirma olmak tizere ii¢ ana adim uygulanmaktadir [15]. ALO, Seyedali Mirjalili tarafindan 6nerilen siirii zekasi tabanli bir
algoritmadir. Karinca aslanlarinin dogadaki avlanma mekanizmasini taklit eder [16]. Karincalarin gelisigiizel yiiriimesi, tuzak
kurma, karincalari tuzaklara hapsetme, av yakalama ve tuzaklari yeniden kurma gibi beg ana adimi1 uygulamaktadir [17].

4. Metasezgisel Algoritmalar le Yol Planlamasinda Literatiir Calismalari

Literatiirde metasezgisel algoritmalar kullanilarak mobil robotlar icin yol planlamasi problemi ile ilgili cesitli calismalar
bulunmaktadir [18]. Literatiirde daha Once yol planlamasinda kullanilan algoritmalardan 6ne ¢ikan PSO ile yapilan yol
planlamasinda elde edilen sonuglara bakildiginda en iyi sonug iireten algoritmalardan biri olarak 6ne ¢iktig1 goriilmektedir [19].
Fakat PSO'nun arama ve uygulamada dengeleme giigliikleri olmasi ayrica durgunluk yasamasi bazen yol planlamasini ¢6zmedeki
etkinligini kisitlamaktadir. Bunun {iistesinden gelen ve verimli bir sekilde yol planlamasini amaglayan farkli caligmalar da
mevcuttur. Literatiirde ayrica hibrit ¢alismalar oldugu da goriilmektedir. Ornegin, bahsettigimiz PSO’nun eksiklerinin olmasidan
kaynakli, Karinca Kolonisi Algoritmasi (ACO) ve PSO hibrit yontemi kullanilmaktadir. Bu yontem, robotun engelli yol boyunca
karsilagtig1 engellerden kaginarak en uygun yolu bulmak i¢in kullanilir. Bu ¢aligmadaki hibrit yontem sonuglar1 incelendiginde,
geleneksel yontemlere gére (ACO ve PSO) daha iyi sonuglar sagladigi goriilmektedir [20].

Yol planlamasinda kullandigimiz algoritmalar incelendiginde, engel sayisi, engellerin sekli ve biiyiikligii, robotun bulundugu
alan biiyiikliigii gibi degiskenler algoritmalarin yol planlamasinda avantaj ve dezavantajlarinin oldugu goriilmektedir. Bu ¢aligma
ile elde edilen sonuglara bakarak mobil robot yol planlamasinin DE; PSO, GWO ve ALO algoritmalarimin yol problemindeki
performanslarimin karsilagtirilmasi ve engel sayisi, engellerin sekli ve biiylikligii gibi degiskenler karsisinda avantaj ve
dezavantajlarinin ortaya ¢ikarilmasi amaglanmaktadir. Literatiirde yol planlama probleminde 6zellikle algoritmalarin farkli tip ve
sayida engeller karsisinda ve ayni tip engellerin oldugu ortamlarda nasil bir performans gosterdikleri ile ilgili ¢aligmalarin eksik
oldugu goriilmektedir. Bu g¢alisma ile bahsedilen algoritmalarin c¢esitli yol problemi simiilasyonlarindaki performanslari
karsilastirilmistir.

5. Deneysel Calismalar

Yapilan bu ¢alismada agirlikli olarak popiiler baz1 metasezgizel optimizasyon algoritmalari ile yol planlamasint yapip, farkli
yol problemlerinde bu algoritmalarin performanslarini karsilagtirarak yol planlamadaki basarimlarinin matlab gelistirme
ortaminda incelenmesi sunulmustur.

DE, PSO, GWO ve ALO metasezgisel algoritmalarin kodlari, Intel(R) Core(TM) i5-3230M CPU@2.60GHz RAM/8 6zellikli
bir bilgisayarda ¢alistirilmigtir. Popiilasyon biiyiikligii 50, maksimum iterasyon sayis1 100'diir. Robot yol planlama problemi i¢in
Tablo 1, Tablo 2, Tablo 3, Tablo 4 ve Tablo 5°te farkli robot yol planlamasi simiilasyonlari i¢in 4 sezgisel algoritmanin 1, 5, 10
ve 50 tekrar ve 100 iterasyonda 10x10 birimlik bir alandaki kosmalarin karsilastirmali sonuglart sunulmustur. Algoritma
performanslarinin karsilagtirilmasinin tam olarak dogru olmasi igin yol problemi simiilasyonu olusturulurken biitiin kosullar esit
tutulmustur.

Tablo 1. Engel sekline gore(daire, kare, tiggen, cokgen) DE, PSO, GWO ve ALO algoritmalarmin performanslarinin kargilastirilmas.

Algoritma Yol Problemi Ortalama En Iyi Malivet EnKoétii  Standart Tekrar  Iterasyon
Modeli Maliyet Maliyet Sapma sayisi Sayisi
(5 engel)

DE Daire 11.7491 11.7491 11.7491 0 1 100
Kare 11.9309 11.9309 11.9309 0
Uggen 13.5295 13.5295 13.5295 0
Cokgen 11.7733 11.7733 11.7733 0

PSO Daire 11.6557 11.6557 11.6557 0 1 100
Kare 11.6533 11.6533 11.6533 0
Uggen 11.6551 11.6551 11.6551 0
Cokgen 11.4803 11.4803 11.4803 0

GWO Daire 11.7465 11.7465 11.7465 0 1 100
Kare 12.0762 12.0762 12.0762 0
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Uggen 11.7221 11.7221 11.7221 0
Cokgen 12.1944 12.1944 12.1944 0
ALO Daire 11.7202 11.7202 11.7202 0 1 100
Kare 11.8097 11.8097 11.8097 0
Uggen 11.7504 11.7504 11.7504 0
Cokgen 11.4979 11.4979 11.4979 0

Tablo 1 de, aymi biiyiiklikkteki daire, kare, {iggen ve c¢okgen sekillerdeki engellerde 1 tekrar 100 iterasyon kosturma
sonucundaki DE, PSO, GWO ve ALO optimizasyon algoritmalarinin performanslar1 sunulmustur. Her bir algoritma i¢in ayni
sayt ve sekildeki engellerde en iyi maliyet degeri incelenmigtir. Matlab ortaminda, yol planlamasinda algoritmalarin
performanslarmin incelenmesi i¢in yapilan deneysel caligmalarda engel seklinin degismesi, algoritmalarin yol planlamasi
performansint 6nemli derecede etkilemedigi goriilmektedir. Bununla beraber DE algoritmas: daire, PSO algoritmasi ¢okgen,
GWO algoritmasi tiggen ve ALO algoritmasinin ¢okgen engellerde belirtilen kosullarda en iyi sonucu verdigi goriilmektedir.

Tablo 2. 6,8 ve 10 engelli karisik sekilli engel ortamlarinda DE, PSO, GWO ve ALO algoritmalarinin performanslarinin karsilagtirilmast.

Algoritma Yol Problemi Ortalama  Enlyi Malivet EnKétii  Standart  Tekrar  Iterasyon
Modeli Maliyet Maliyet Sapma sayisi Sayis1

DE Yol Problemi 1 11.4038 114038 114038 0 1 100
PSO (6 engelli ortam) 19 3g¢> 11.3862 113862 0

GWO 11.7381 11.7381 117381 0

ALO 115447 115447 115447 0

DE Yol Problemi 2 12.2073 12.2973 122973 0 1 100
PSO (8 engelli ortam) 19 3934 11.3036 113036 0

GWO 13.4690 13.4690 134690 0

ALO 113134 113134 113134 0

DE Yol Problemi 3 11.4425 11.4425 114425 0 1 100
PSO glr?are:)ge'" 13.4220 13.4220 134220 0

GWO 12.2608 12.2608 122608 0

ALO 11,5349 115349 115349 0

Tablo 2 de, 1 tekrar 100 iterasyon kosturma sonucundaki DE, PSO, GWO ve ALO optimizasyon algoritmalarinin yol
problemi 1 (6 karigik sekilli engel ortam), yol problemi 2 (8 karisik sekilli engel ortam) ve yol problemi 3 (10 karisik sekilli engel
ortam) i¢in performanslart sunulmustur. Her bir algoritma igin ilgili yol problemlerindeki en iyi maliyet, en kotii maliyet,
ortalama maliyet ve standart sapma degerleri karsilagtirmali olarak sunulmusgtur. Tablodaki degerlere gore yol problemi 1 ve yol
problemi 2°de en iyi performans: PSO, yol problemi 3°te DE algoritmasinin daha iyi sonug verdigi goériilmektedir. Algoritma
bazli incelendiginde {i¢ yol planlama probleminde de ALO algoritmasinin istikrarli ve iyi bir performans gosterdigi diger
algoritmalarda engel sayisinin degismesi bir istikrarsizliga neden oldugu goriillmektedir.

Tablo 3. 6,8 ve 10 engelli karigik sekilli engel ortamlarinda DE, PSO, GWO ve ALO algoritmalarinin performanslarinin karsilastirilmasi.

Algoritma Yol Problemi Ortalama En lyi Malivet EnKotii  Standart Tekrar  iterasyon
Modeli Maliyet Maliyet Sapma sayisi Sayisi

DE Yol Problemi 1 115439 11.4031 116615 00933403 5 100

PSO (engelliortam) 14 3566 173740 113963  0.010638

GWO 116042  11.5445 11.7077  0.0662461

ALO 12,0393  11.6262 12.644 0.45935

DE Yol Problemi 2 126191 123179 135153 0508912 5 100

PSO (8 engelli ortam) 113016  11.2956 11.3065  0.0047636

GWO 133663  11.5306 146062  1.24282

ALO 139581  12.3762 16.0515 157479

DE Yol Problemi 3 126889 12.2797 135312 0506424 5 100

PSO (10engelliortam) 14 5564 172390 114667  0.100785

GWO 157456 13.4995 217908  3.40753
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ALO 12.8879 11.2493 18.2921 3.03608

Tablo 3 de, 5 tekrar 100 iterasyon kosturma sonucundaki DE, PSO, GWO ve ALO optimizasyon algoritmalarimin yol
problemi 1, yol problemi 2 ve yol problemi 3 igin performanslari sunulmustur. Her bir algoritma i¢in ilgili yol problemlerindeki
en iyi maliyet, en koti maliyet, ortalama maliyet ve standart sapma degerleri karsilastirmali olarak sunulmustur. Tablodaki
degerlere gore yol problemi 1, yol problemi 2 ve yol problemi 3’de PSO algoritmasinin en iyi performansi verdigi goriilmektedir.
Tablodaki tekrar ve iterasyon sayisi kadar yapilan deneyde engel sayisi artttkga DE ve GWO algoritmalarinin yol planlama
performanslarinin diisme egiliminde oldugu goriilmektedir.

Tablo 4: 6,8 ve 10 engelli karisik sekilli engel ortamlarinda DE, PSO, GWO ve ALO algoritmalarinin performanslarinin kargilastiriimasi

Algoritma Yol Problemi Ortalama  Enliyi Malivet EnKétii  Standart ~ Tekrar  iterasyon
Modeli Maliyet Maliyet Sapma sayisi Sayis1

DE Yol Problemi 1 11.6410 11.3696 131618 0542194 10 100

PSO (6 engelli ortam) 19 4467 11.3627 115203  0.0732188

GWO 12.0351 11.4635 15.819 1.33486

ALO 11.7915 11.4403 123211 0.300045

DE Yol Problemi 2 12.7809 11.4216 135545 0676772 10 100

PSO (8 engelli ortam) 41 3579 11.2960 11.4607  0.0743957

GWO 13.6809 11.4936 153685  1.39645

ALO 12.2026 11.7823 13.0542  0.355809

DE Yol Problemi 3 12.9794 11.8444 144368  0.849694 10 100

PSO glrgag‘)ge'" 11.4073 11.2387 120045 0263139

GWO 13.7759 11.6774 199162 250294

ALO 13.6918 11.2457 15.9837  1.37602

Tablo 4’de, 10 tekrar 100 iterasyon kosturma sonucundaki DE, PSO, GWO ve ALO optimizasyon algoritmalarinin yol
problemi 1, yol problemi 2 ve yol problemi 3 igin performanslar1 sunulmustur. Her bir algoritma i¢in ilgili yol problemlerindeki
en iyi maliyet, en kotii maliyet, ortalama maliyet ve standart sapma degerleri karsilagtirmali olarak sunulmustur. Tablodaki
degerlere gore yol problemi 1, yol problemi 2 ve yol problemi 3’de PSO algoritmasinin en iyi performansi verdigi goriilmektedir.
Algoritma bazli incelendiginde engellerin sirayla arttirildigi ti¢ yol planlama probleminde de DE’nin performansimin diistigi,
PSO’nun 6nemli derecede bir performans degisimi olmadig1 goriilmekle beraber iyi bir performans gosterdigi, GWO’ nun biraz
distiigii, ALO’ nunda diisiip tekrar yiikseldigi fakat iyi bir performans gosterdigi gériilmektedir. Bu boliimdeki kosturmalarda
genel olarak engel sayisi arttikga algoritmalarin yol planlama performanslarinin iyi oldugu ve énem arz eden bir performans
degisiminin olmadig1 goriilmektedir.

Tablo 5: 6,8 ve 10 engelli karisik sekilli engel ortamlarinda DE, PSO, GWO ve ALO algoritmalarinin performanslarinin kargilagtirilmast.

Algoritma Yol Problemi Ortalama  Enlyi Malivet EnKétii  Standart  Tekrar  iterasyon
Modeli Maliyet Maliyet Sapma sayisi Sayisi

DE Yol Problemi 1 11.6513 11.3933 132039 0439353 50 100

PSO (6 engelli ortam) 1 4509 11.3888 115278 0.0535691

GWO 12.0152 11.3974 141996  0.700801

ALO 11.6846 11.5082 13.8635  0.370656

DE Yol Problemi 2 12.5751 11.3431 143761 0875183 50 100

PSO (Bengelliortam) 4 5g13 11.296 141676 044189

GWO 13.0848 11.3208 150326  0.919037

ALO 12.4175 11.3026 152467  1.43908

DE Yol Problemi 3 13.1812 11.2921 145759 101803 50 100

PSO glrf’a,?)ge'“ 12.7696 11.2392 143132 141997

GWO 15.0386 11.5661 23809  3.24936

ALO 13.9134 11.47 200639  2.2204
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Tablo 5 de, 50 tekrar 100 iterasyon kosturma sonucundaki DE, PSO, GWO ve ALO optimizasyon algoritmalarinin yol
problemi 1, yol problemi 2 ve yol problemi 3 igin performanslari sunulmustur. Her bir algoritma i¢in ilgili yol problemlerindeki
en iyi maliyet, en kotii maliyet, ortalama maliyet ve standart sapma degerleri karsilagtirmali olarak sunulmustur. Tablodaki
degerlere gore yol problemi 1, yol problemi 2 ve yol problemi 3’de PSO algoritmasinin en iyi performansi verdigi goriilmektedir.
Tabloda PSO’nun en iyi performansi gosterdigi goriilmekle beraber diger algoritmalarinda yakin performans gosterdigi
goriilmektedir. Bu bolimde yapilan kosturmalarda genel olarak engel sayist arttitkga  algoritmalarin yol planlama
performanslarmin iyi oldugu fakat tekrar sayist degisimden dolay1 diisikk bir diisis performansi degisiminin oldugu
goriilmektedir.

Sekil 1, Sekil 2, Sekil 3 ve Sekil 4 de matlab ortaminda yapilan bazi deneysel ¢alismalar sunulmustur. Sekillerde algoritmanin
yol planlama simiilasyonu ve iterasyonlar boyunca izledigi performans grafigi gosterilmektedir. Sekillerin solunda tekrarli
calistirilan deneylerde, programin son tekrarda verdigi simiilasyondur. Tablolarda ise bu tekrarlar igerisindeki en iyi ve en kotii
deger gosterilmektedir. Ayrica tekrar sayisina gore ortalama deger hesaplanarak ortalama maliyet olarak belirtilmektedir.

a5 ALO ile Yol Planlamasi Sonuglari
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Sekil 1. ALO optimizasyon algoritmasinin karisik tip 10 engelli ortamda 10 tekrar 100 iterasyon kosturmadaki performans deger ve grafigi

Sekil 1°de 10 karisik tip engelli bir alanda 10 tekrar 100 iterasyonluk kosturma sonucunda ALO’nun yol planlamasindaki
performansi ve her tekrar igin bir grafik olacak sekilde maliyet grafigi gosterilmektedir. Her 100 iterasyonluk tekrar i¢in bir yol
giizergahi ¢izilmektedir. Sekilde gosterilen yol giizergahi son tekrar olan 10 uncu tekrarin giizergahidir.

10 GWO ile Yol Planlamasi Sonuglari
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Sekil 2. GWO optimizasyon algoritmasinin karigik tip 8 engelli ortamda 50 tekrar 100 iterasyon kosturmadaki performans deger ve grafigi
Sekil 2°de 8 karisik tip engelli bir alanda 50 tekrar 100 iterasyonluk kosturma sonucunda GWO’nun yol planlamasindaki

performansi ve her tekrar i¢in bir grafik olacak sekilde maliyet grafigi gosterilmektedir. Her 100 iterasyonluk tekrar igin bir yol
giizergahi ¢izilmektedir. Sekilde gosterilen yol giizergahi son tekrar olan 50°nci tekrarin giizergahidir.
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PSO ile Yol Planlamasi Sonuglar
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Sekil 3. PSO optimizasyon algoritmasinin karisik tip 6 engelli ortamda 5 tekrar 100 iterasyon kosturmadaki performans deger ve grafigi

Sekil 3°de 6 karisik tip engelli bir alanda 5 tekrar 100 iterasyonluk kosturma sonucunda PSO’nun yol planlamasindaki
performansi ve her tekrar igin bir grafik olacak sekilde maliyet grafigi gosterilmektedir. Her 100 iterasyonluk tekrar igin bir yol
giizergahi ¢izilmektedir. Sekilde gosterilen yol giizergahi son tekrar olan 5°nci tekrarin giizergahidir.

DE ile Yol Planlamasi Sonuglar

0 e 4 & & 10

Sekil 4. DE optimizasyon algoritmasinin karisik tip 10 engelli ortamda 50 tekrar 100 iterasyon kosturmadaki performans deger ve grafigi

Sekil 4’de 10 karisik tip engelli bir alanda 50 tekrar 100 iterasyonluk kosturma sonucunda DE’nin yol planlamasindaki
performans: ve her tekrar igin bir grafik olacak sekilde maliyet grafigi gosterilmektedir. Her 100 iterasyonluk tekrar i¢in bir yol
giizergahi ¢izilmektedir. Sekilde gosterilen yol giizergahi son tekrar olan 50°nci tekrarin giizergahidir.
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Sekil 5. (a,b,c,d,e,f,g,h), Caligmada kullanilan yol problemleri ve sezgisel algoritmalarin yol planlamadaki performanslar

Sekil 5’te, ¢alismada kullanilan tiim yol problemleri i¢in bazi deneysel ¢aligmalar sonucunda metasezgisel algoritmalarmn yol
planlamadaki performanslar1 gosterilmistir. Deneysel calismada ¢esitli tip ve farkli sayidaki engellerle yol planlama sonuglari
ornek olarak sunulmustur. Sekilde a, b, ¢, d ile gosterilen; 5 adet tiggen, kare, daire, cokgen engelin oldugu yol simiilasyonunu
gostermektedir. e, f, g, h ile gosterilen sirasiyla 6, 8, 10, 10 karisik tip sekilli engellerin oldugu yol simiilasyonunu
gostermektedir.

6. SONUCLAR

Calismada 10x10 birimlik bir ortamda popiiler dort metasezgisel algoritmanin yol planlama performanslari karsilastiriimustir.
Calismada kullanilan metasezgisel algoritmalarin aymi tip ve farkli tip engellerdeki performanslari incelendiginde yakin sonuglar
elde edildigi goriilmektedir. Engel sayisinin artmasi performans diismesine neden oldugu goriilmektedir. Calismada 1, 5, 10 ve 50
tekrar 100 iterasyonlu kosturma sonuglari incelendiginde 6zellikle 5 ile10 aras1 100 iterasyonluk Kosturmalarin algoritmanin yol
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planlamasindaki performansinin anlasilmasi icin yeterli oldugu goriilmektedir. Ayrica iterasyon sayismnin 100 olarak
belirlenmesinde yapilan deneysel ¢alismalarda bu iterasyon degerinde, algoritma optimum performansi verdigi bundan sonraki
iterasyon sayilarinda stabil hale geldigi goriilmektedir. Yapilan deneysel ¢aligsmalarin sayisal sonuglar1 5. bolimde tablolarda
karsilagtirmali olarak sunulmustur. Algoritmalarin yol planlamasini kag birim mesafe ile gerceklestirdigi en iyi maliyetle ifade
edilmistir. Bunun yaninda en kotii maliyet, ortalama maliyet, standart sapma degerleri tablolarda karsilastirmali olarak
sunulmugtur. Tiim deneysel g¢alisma ve yol problemlerinde PSO algoritmasmin daha iyi ve daha istikrarlt bir performans
gosterdigi goriilmektedir. Tekrar sayisinin belirli bir norma getirilmesiyle beraber tiim algoritmalar rekabetci bir performans
gostermektedir. Daha sonra yapilacak caligmalarda bu algoritmalarla beraber daha fazla algoritma ve farkli sekil ve sayidaki
engelli yol planlama problemlerindeki performanslar1 karsilagtirilip en iyi performans veren algoritmalarin sonuglari
karsilastirmali olarak sunulacaktir.

7. TARTISMA

Bu calismada robot yolu planlama problemi i¢in DE, PSO, GWO ve ALO algoritmalarinin ¢esitli yol problemlerindeki
performanslar1 incelenmistir. Algoritmalarin yol planlama problemini ¢c6zme performansinin degerlendirilmesi i¢in dort taninmis
metasezgisel algoritma (DE, PSO, GWO ve ALO) kullanilmistir. Karsilastirma sonuglarina bakildiginda algoritmalarin iyi ve
rekabetci sonuglar iirettikleri goriilmekle beraber, PSO algoritmasinin daha iyi bir performans ortaya koydugu gériilmektedir.
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Islerin Boliinebildigi Esnek Atolye Cizelgeme Problemi igin Iki
Matsezgisel Algoritmanin Karsilastiriimasi
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Ozet

Esnek atdlye ¢izelgeme problemlerinde (EACP) islerin alt partilere boliinerek farkli makinelerde gergeklestirilmesi, isletmelerin
miisteri taleplerini daha hizli bir sekilde karsilamasini ve makinelerin de daha verimli kullanilmasini saglamaktadir. Bu
caligmada, ele alinan problem islerin boliinebildigi EACP’dir. Amag, son igin tamamlanma zamaninin enkiigiiklenmesidir.
Problemin ¢6ziimii igin hem matsezgisel tavlama benzetimi algoritmasi (MTB) hem de matsezgisel degisken komsuluk arama
algoritmasi (MDKA) 6nerilmistir. Ele alinan problemde islerin hangi makinelere atanacagi, hangi sirada islenecegi ve alt parti
biiyiikliiklerinin ne olacagmin belirlenmesi gerekmektedir. Onerilen algoritmalarda alt parti biiyiikliiklerinin ne olacag
matematiksel model ile belirlenmektedir. Boylelikle sezgisel algoritmalarin hizli bir sekilde ¢6ziim uzayinda arama yapmasi
avantaj1 ile matematiksel modellerin alt problemlerdeki en iyi ¢oziimii elde etmesi avantaji bir araya getirilmistir. Onerilen
algoritmalarin performansint gosterebilmek i¢in rassal tiiretilen test problemleri ve literatiirden alinan bir matematiksel model
kullanilmistir. Ayrica MTB’nin ve MDKA’nin performanslar da kiyaslanmigtir.
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Comparison of two matheuristic algorithms for the flexible job-sho
P schecmﬂng problem%v{th ot-streaming . P

Abstract

In flexible job-shop scheduling problems (FJSP), splitting into sub-lots of jobs and performing them on different machines
enables businesses to satisfy customer demands more quickly and to use their machines more efficiently. In this study, the FISP
with lot-streaming is discussed. The objective function is to minimize the makespan. To solve the considered problem,
matheuristic simulated annealing algorithm (MSA) and matheuristic variable neighborhood search algorithm (MVNS) are
proposed. In the problem addressed, it is necessary to determine which machines the jobs will be assigned to, in which sequence
they will be processed, and what the sub-lot sizes will be. The proposed algorithms determine the sub-lot sizes by the
mathematical model. In this way, the advantage of heuristic algorithms to quickly search the solution space and the advantage of
mathematical models to obtain the optimum solution in sub-problems are considered together. To show the performance of the
proposed algorithms, randomly generated test problems and a mathematical model taken from the literature are used.
Additionally, the performances of MSA and MVNS are compared.

© 2023 DPU All rights reserved.

Keywords: Lot- Streaming; Flexible Job Shop Scheduling; Matheuristic Algorithm; Simulated Annealing; Variable Neighborhood Search

1. Giris

Giliniimiiz rekabet ortaminda isletmelerin en 6nemli hedeflerinden biri iglerin zamaninda teslim edilmesidir.
Islerin makinelere béliinerek daha kisa siirelerde tamamlanabilmesi miimkiindiir. Fakat literatiirde ¢izelgeleme
problemlerini ele alan calismalarin ¢ogunda islerin béliinemeyecedi varsayilmaktadir. Islerin béliinmesine izin
vermek sadece islerin tamamlanma zamanmnin azaltilmasini degil makinelerin de daha verimli kullanilmasini
saglamaktadir. Kisaca, islerin boliinmesi, makineler lizerindeki malzeme akisinin hizini artirmaya ve {iretim siiresini,
dongii siiresini ve siire¢ igi stogu azaltmaya biyiik 6l¢iide katkida bulunmaktadir. Bu ¢alismada, esnek atdlye
cizelgeleme probleminde (EACP) islerin boliinmesi ele alinmustir.

Literatiirde son yillarda islerin bdliinmesine izin verilen EACP ile ilgili calismalarin sayis1 artmaktadir. Incelenen
literatiirde is boliinmeli ¢alismalar alt partilerin sabit ve degisken olmasina gére ve alt parti sayilarinin 6nceden
bilinmesine ve bilinmemesine gore siniflandirilabilmektedir. Alt partilerin sabit oldugu ve alt parti sayilarinin ise
onceden bilindigi ¢aligmalara Zhang vd. [3], Lei ve Guo [4], Liu vd. [5], Xu vd. [6], Defersha, Chen [7] ve Rooyani
ve Defersha [8] 6rnek verilebilir. Zhang vd. [3], biiyiik 6l¢ekli toplu iiretimi igeren esit boyutlu parti bolmeli EACP
problemi igin bir ikili pargacik siiriisii optimizasyon algoritmasi 6nermistir. Lei ve Guo [4], son igin tamamlanma
zamanimi enkiigiiklemek igin bir yapay ar1 kolonisi algoritmasi onermislerdir. Liu vd. [5], sabit sayida is bolme
yaklasimi1 kullanarak bu parametreyi sistematik olarak degistirerek, sabit sayida alt partinin parti akisinin
performansi tizerindeki etkisini incelemis ve genetik algoritma (GA) tabanli bir is bélme yaklasimi 6nermistir. Xu
vd. [6], isleri belirli sayida partiye ayirmaya izin veren bir evrimsel algoritma 6nermislerdir. Defersha ve Chen [7],
cok akisli EACP i¢in bir matematiksel model 6nermislerdir ve 6nerilen modeli ¢6zmek igin bir GA gelistirmislerdir.
Rooyani ve Defersha [8] ¢ok amagli bir matematiksel model dnermistir ve iki asamali bir GA gelistirmistir. Alt parti
biiytikliiklerinin degisken oldugu ve alt parti sayilarimin 6nceden bilindigi ¢alismalara Daneshamooz vd. [9] ve
Abderrabi vd. [10] 6rnek verilebilir. Daneshamooz vd. [9], problemi islerin makinelere atanmasi ve makinelerdeki
iglerin sirasinin belirlemesi olmak iizere iki alt probleme ayirmis ve degisken komsuluk arama algoritmasina dayali
iki algoritma 6nermistir. Abderrabi vd. [10], is bélmeli EACP igin bir matematiksel model énermistir.

Novas [11] ¢aligmasinda, alt partilerin sabit oldugu ve alt parti sayilarinin ise 6nceden bilinmedigi durumu ele
almistir. Bu ¢aligmada, bir kisit programlama (constraint programming) modeli 6nerilmistir. Bu yontem ile hem
partilerin boliinmesi hem de islerin ¢izelgelenmesi saglanmistir. Alt partilerin degisken oldugu ve alt parti sayilarinin
onceden bilinmedigi ¢aligmalara Bozek ve Werner [12], Fan vd. [13], Li vd. [14] ve Tutumlu ve Sarag¢ [15] drnek
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verilebilir. Bozek ve Werner [12], parti akisi ve degisken alt partilerin parti boyutlandirilmasi ile EACP igin iki
asamal1 bir ¢dziim yaklasimi 6nermistir. Ik asamada, tamamlama siiresi enkiigiiklenmis ve ikinci asamada ise, alt
parti bityiikliikleri enbiiyiiklenmistir. Alt partilerin boyutlar alt ve st degerler ile simirlandirilmigtir. Fan vd. [13],
klasik GA’nin benimsendigi bir matsezgisel degisken komguluk arama algoritmas: onermistir. Alt parti sayilari
maksimum bdliinebilecek parti sayisi ile sinirlandirilmigtir. Li vd. [14], hem son isin tamamlanma zamaninin hem de
toplam enerji tiiketiminin enkii¢iiklenmesini amaglamigtir ve problemin ¢6ziimii i¢in emperyalist rekabet algoritmasi
gelistirmiglerdir. Alt partiler, alt ve iist degerler ile sinirlandirtlmigtir. Tutumlu ve Sarag [15], islerin boliinmesinde
alt partilerin boyutunun ve sayisinin sinirlandirtlmadigi bir matematiksel model 6nermislerdir. Biiyiik boyutlu
problemlerin ¢6ziimii i¢in parti boyutunun ve sayisinin yerel arama algoritmasi ile belirlendigi melez bir genetik
algoritma 6nerilmistir.

Islerin boliinmesine izin verilen EACP literatiiriine bakildiginda ¢dziim yontemi olarak genellikle metasezgisel
yontemlerin kullanildigr goriilmektedir. Erisilen literatiirde sadece bir c¢aligmada [13] ¢oziim ydntemi olarak
matsezgizel algoritma kullanilmustir. Ele alinan problem tiiriinde matsezgisel algoritmalar nadir kullanilmis olmasina
ragmen, bu algoritmalar hem sezgisel yontemlerin hem de matematiksel modellerin basarili ydnlerinin
birlestirilmesiyle ortaya ciktigindan biiyiik bir potansiyele sahiptir. Bu nedenle bu c¢alismada, islerin bdliinmesine
izin verilen EACP problemi i¢in iki farkli matsezgisel algoritma gelistirilmistir. Bu algoritmalar, matsezgisel
tavlama benzetimi ve matsezgisel degisken komsuluk aramadir. Tavlama benzetimi algoritmasinin tercih edilmesi,
literatiirde ¢ogu problem tipin ¢ok sik kullanilmasi ve basarili ¢oziimler elde etmesidir. Degisken komsuluk arama
algoritmasinin tercih edilmesinin sebebi ise matsezgisel algoritma Oneren ¢alismada [13] basariyla kullanilmasidir.
Bu algoritmalarin performansinin gosterilebilmesi igin literatiirdeki hi¢bir sinirlandirma olmadan is bdliinmesini ele
alan Tutumlu ve Sara¢ [15]'1n ¢aligmasindaki matematiksel model kullanilmistir. Farkli boyutta test problemleri
tiiretilerek algoritmalarin bagarist karsilastirilmistir.

Bu calismanin izleyen boliimiinde ele alinan problem agiklanmig ve literatiirdeki matematiksel model verilmistir.
Ucgiincii boliimde onerilen matsezgisel algoritmalar tanitilmis ve dérdiincii béliimde sayisal sonuglar verilmistir. Son
bolimde ise sonug ve Oneriler sunulmustur.

2. Problemin Tanimlanmasi ve Matematiksel Model

Bu calismada ele alman problemde n adet is, m adet makinede islem gormektedir. Isler operasyondan
olugmaktadir. Her isin operasyonlar1 arasinda 6ncelik siras1 vardir. Bu sira rota olarak adlandirilmaktadir ve 6nceden
bilinmektedir. Operasyonlarin hangi makinede ve hangi sirada gergeklestirilecegi, islerin rotalar1 géz Oniinde
bulundurularak belirlenmelidir. Baz1 operasyonlar yalnizca belirli makinelerde gergeklestirilebilirken, bazilari aym
ozelliklere sahip makinelerde boliinmeden veya farkli alt gruplar halinde boliinerek birden fazla makinede
gerceklestirilebilmektedir.

Bu ¢alismada Tutumlu ve Sarag [15] tarafinda Onerilen matematiksel model (Modelys) kullanilmistir. Modelde,
son igin tamamlanma zamaninin en kiigiiklenmesi amaglanmistir.

Modelin varsayimlari su sekildedir:

Planlama periyodunun basinda tiim isler hazirdir.

Bir makine ayni anda tek bir is igleyebilir.

Islerin &nceligi yoktur.

Islerin hazirlik siireleri, islem siireleri ve rotalar nceden bilinmektedir.

Islerin hazirlik siireleri, sira bagiml degildir.

Isler birden fazla operasyondan olusabilir.

Isler boliinebilir ve farkli alt parti biiyiikliiklerinde farkl1 paralel makinelere atanabilir. Alt parti biyiikliikleri
model tarafindan belirlenmektedir.
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e Her operasyonun gerceklestirildigi her makinede hazirlik siiresine ihtiyag vardir. Hazirlik siireleri her makinede
farklidir. Eger bir is alt partilere boliiniiyorsa, her biri i¢in hazirlik siiresi gerekmektedir.

Modelrs’in indisleri, parametreleri, karar degiskenleri, amag fonksiyonu ve kisitlar1 asagida verilmistir.

indisler:

i, k: is indisi

J, L: operasyon indisi
r, a: makine indisi
q, b: sira indisi

parametreler:

gi: 1. isin parti buyukligi

0;: 1. isin operasyon sayisi

tijr: r. makinedeki i. isin j. operasyonunun birim islem siiresi

Sijr: r. makinedeki i. igin j. operasyonunun hazirlik siiresi

U;j-- I makinede i. isin j. operasyonu islem goriiyorsa 1, islem gérmiiyorsa 0.

M: yeterince biiyiik bir pozitif say1

e: alt parti bityiikliigi i¢in en kii¢iik deger (Bu deger sifira esit oldugunda, alt parti boyutu i¢in bir sinir yoktur.)

karar degiskenleri:

Xijrq- €ger r. makinenin g. sirasinda i. isin j. operasyonu isleniyorsa 1, islenmiyorsa 0.
Cijr: r. makinede i. isin j. operasyonunun tamamlanma zamani

a;jr - r. makinede i. isin j. operasyonunun alt parti biyiikligii

Cenp: son igin tamamlanma zamani

amacg fonksiyonu:

enk f = Cenp 1)
Kisttlar:

2r Qijr = gi Vijijsos 2
Aijr < gi Xq Xijrq Vijr:jso; 3)
@jjr = € YgXijrq Vijrijso; 4)
YqXijrq <1 Vijrijso; )
iljijso; Xijrg =1 Vig (6)
Xijrq < Uijr Vijraqijso; (7
q—b=1-M(2—xijrq — Xirp) Vijirab:jzljso,q#b (8)
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22 j<o; Xijrq — Dk Lt: 1<oy Xkir(q-1) = 0 Vrgig>1 )
Cijr + M(1 = Xijrq) = sijr + tijratijr Vijraiq=1=1 (10)
Cijr + M(2 = Xijrqg — Xir(g-1)) = Crar + Sijr + ijrQijr Vijkirg:q>1,j=1,ik (11)
Cijr + M(2 = Xijrq — Xi¢j—1yap) = Cigjimnya + Sijr + tijr@ijr  Vijragh:q=1j>1r%a (12)
Cijr + M(2 = Xijrg — Xrarg-1)) = Ciar + Sijr + tijrQijy Vi jklrq i q>1k#ijsolsok (13)
Cijr + M(2 = Xijrq = Xig-vyab) = Ci-va + Sijr + tijr@ijr  Vijraab: j>1j%o; (14)
Cenp = Cijr Vijr (15)
Cijr 20 Vijr (16)
Cenp 2 0 17)
Xijrq € {0,1} Vijraq (18)
a;jr = 0 ve tamsayt Vijr (19)

Amag (Es. (1)), C,pp degerinin enkiiciiklenmesidir. Es. (2), i. isin alt parti biiytikliklerinin toplaminin g;'ye esit
olmasini saglamaktadir. Es. (3) ve (4), a;j. Ve X;jrq karar degiskenleri i¢in iliski kisitlaridir.  Es. (5) bir isin bir
operasyonunun sadece bir makineye atanmasim saglamaktadir. Es. (6), bir makinenin bir sirasina en fazla bir isin
atanmasim saglamaktadir. Es. (7), i. isin j. operasyonu r. makinede gergeklestirilemiyorsa ilgili operasyonun r.
makineye atanmamasini saglamaktadir. Es. (8) ve (9), makinelerde islerin operasyonlarinin sira atlamaksizin iglem
gormesini saglamaktadir. Es. (10), islerin ilk operasyonlar: ilk sirada gerceklestirildiginde tamamlanma zamanini
hesaplamaktadir. Es. (11), islerin ilk operasyonu ikinci ve sonraki sirada gerceklestiginde tamamlanma zamanini
hesaplamaktadir. Es. (12), islerin ikinci ve sonraki operasyonlari ilk sirada gergeklestiginde tamamlanma zamanini
hesaplamaktadir. Es. (13), islerin ilk sira disindaki operasyonlarin tamamlanma zamanini hesaplamaktadir. Es. (14)
islerin ikinci ve sonraki operasyonlarimin tamamlanma zamanini hesaplamaktadir.  Es. (15), C,,, degerini
hesaplayan kisittir. Es. (16)-(19) isaret kisitlaridir.

3. Onerilen Matsezgisel Algoritmalar

Bu caligmada, Matsezgisel Tavlama Benzetimi ve Matsezgisel Degisken Komsuluk Arama algoritmalar:
Onerilmistir. Bu algoritmalarda islerin bdliindiikleri makinelerdeki alt parti biiylikliigliniin ne olacagi karari
matematiksel model (Modelapg) ile belirlenmektedir. izleyen alt béliimlerde algoritmalarda kullamlan ¢oziim
gosterimi, Modelapg, kontrol islemi ve algoritmalar detayli olarak agiklanmigtir.
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3.1. Algoritmalarda Kullanilan Céziim Gosterimi
Bu ¢alismada ele alman problemin kisitlarma uygun ii¢ satirl bir ¢oziim gdsterimi yapisi 6nerilmistir. Onerilen
bu yapi, her isin hangi makineye atandigi ve atandigi makinelerdeki sirasi ve parti biiyiikligii bilgilerini

gostermektedir. Sekil 1°de Onerilen ¢6ziim gosterimine Ornek verilmigtir. Gosterimin uzunlugu, her isin
operasyonlarinin islenebilecegi makine sayisinin toplamidir.

031 021 011 021 012 022 022 012 032 032

is 32|12 (1|2 2]1]3]3
Makine 2 1 2 2 1 2 1 2 1 2
Parti

Biyiiklagi | 100 | 13 | 100 | 87 | 70 | 100 | 0 |30 [100{ 0

Sekil 1. Onerilen ¢oziim gosterimi.

Sekil 1°de verilen ornekte 2 makine, 3 is ve her isin 2 operasyonu bulunmaktadir. O, i. isin j. operasyonunu
temsil etmektedir. O;; ve Os; sadece M2 makinesine, diger operasyonlar her iki makineye de atanabilmektedir.
Gosterimin uzunlugu 10°dur. ilk satir isleri gdstermektedir. Bu satira gore islerin operasyonlar1 belirlenmektedir.
Ormnegin ilk siitunda 3. is bulunmaktadir. Ilk defa 3. is olmasi sebebiyle Os; operasyonunu temsil eder. Og
operasyonu tek makinede gergeklestirildigi i¢in ikinci defa tekrarlanan 3. is O3, operasyonunu temsil eder. Bu
nedenle dokuzuncu siitundaki 3. is ise O3, operasyonunu ifade etmektedir. Ikinci satir, islerin operasyonlarinin hangi
makinede islendigini gdstermektedir. Ugiincii satir, islerin boliiniip boliinmedigini hem de boliindiigiiyse atandig
makinede islenmesi gereken parti biiytikliiglinii (100 br.) gostermektedir. Sekil 1’de O,, ve O, operasyonlart iki
makinede de islem gorebilecekken isler boliinmemis tek bir makinede parti biiyiikliigii kadar islenmektedirler. Oy,
ve O, operasyonlari iki makineye boliinerek islenmektedir. O3, M1°de 70 br. ve M2’de 30 br. islenmektedir. Oy
ise M1°de 13 br. ve M2’de 87 br. islenmektedir.

3.2. Algoritmalarda baslangi¢ ¢éziimiin olusturulmasi

Algoritmalarin adimlarimi gergeklestirebilmek i¢in uygun bir ¢éziim ile baslanmasi gerekir. Bu g¢alismada
asagidaki adimlar izlenerek baslangi¢ ¢6ziim olusturulmustur.

Adim 1: Satir sayis1 3 olan siitun sayisi ise tiim iglerin operasyonlarinin iglenebilecegi makine sayisinin toplami
(X 2j MS;;) olan bir matris olusturulur. (MSy: i. isin j. operasyonunun islenebilecegi makine say1st)

Adim 2: Matrisin ilk satir1 igleri gosterdiginden her is numarasinin },; MS;; kadar tekrar ettigi bir karigik liste
olusturulur. Bu liste matrisin ilk satiridir.

Adim 3: Matrisin ikinci satirt makineleri gostermektedir. Bu satir1 olusturabilmek i¢in matrisin ilk satirindaki bilgi
kullanilarak hangi isin hangi operasyonu oldugu belirlenir ve bu operasyonun gerceklestirilebilecegi makinelerden
biri segilir. Bu sekilde ikinci satirdaki tiim hiicreler tamamlanir.

Adim 4: Matrisin tiglincii satir1 islerin operasyonlarinin kaga boliindiigiinii ve alt parti biiyiikliiklerini gostermektedir.
Baslangi¢ ¢6ziim i¢in bu adimda sadece kaga boliindiigii bilgisi belirlenir. Daha sonra algoritmalarda matematiksel
model ile alt parti biiyiikliigii belirlenir. Bu yiizden bu adimda ilk iki satirin bilgileri kullanilir. Eger operasyon tek
makinede iglem goriiyorsa ilgili hiicreye 1 degeri atanir. Eger birden fazla makinede iglem gorebiliyorsa bir
makineye mutlaka atanmasini saglamak igin rassal olarak atanabilecegi herhangi bir makineye 1 degeri atanir. Bu
islem bu satir tamamlanincaya kadar gerceklestirilir.
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3.3. Onerilen Modelppg

Islerin boliinmesine izin verilen galismalarda arama uzay1 ¢ok biiyiik olmasi nedeniyle klasik algoritmalarin
adimlart ile alt parti biiyiikliiklerini belirlemek ¢ok zordur. Bu nedenle bu ¢alismada matsezgisel algoritmalarin
avantaji kullanarak ele alinan problemde islerin makinelerdeki alt parti bityiikliikleri bir dogrusal model (Modelapg)
ile belirlenmektedir. Ayrica bu model ile ¢oziimiin amac fonksiyonu degeri de hesaplanmaktadir. Onerilen
Modelaps, Modelrs temel alinarak gelistirilmistir. Modelrs’deki x;jy; karar degiskeni, Modelapg’de parametredir.
Xjjrq degerleri ¢oziim gosteriminden belirlenir. Coziim gosteriminin ilk iki satirindan i. isin j. operasyonunun r.
makinede g. sirada islem gordiigi bilgisi elde edilir ve ti¢iincii satirdan da o makineye atanip atanmadig belirlenir.
Yani satirdaki ilgili hiicrenin degeri sifirdan biyiik ise x;jq 1 degerini almaktadir. Sifir oldugunda ise x;j.q O
degerini almaktadir.

Modelapg’nin amag fonksiyonu ve kisitlari agagida verilmistir.

Modelapg
amacg fonksiyonu:
enk f = Copp

kisitlar:
Es. (2-4)
Es. (10-17)
Es. (19)

3.4. Kontrol islemi

Ele alinan problemde islerin kag alt partiye boliinecegine algoritma ile alt parti biiyiikliiklerine ise Modelapg ile
karar verilmektedir. Modeldeki n parametresi isler boliiniiyorsa alt parti biiyiikliigiiniin olabilecek en kiigiik
degeridir. Bu deger sifir alabilecegi gibi farkli degerlerde alinabilmektedir. Gergek hayat problemlerinde bir birim
parti biiylikliigiine sahip isin farkli makinede islem gormesi ¢okta mantikli degildir. Bu nedenle gercek hayat
problemlerine uygun olmasi i¢in e parametresinin degeri sifir alinmamustir. Ayrica bu ¢alismada bir is en kiiglik
parti bityiikliigii kadar boliinmiis ise boliinmedigi durum da degerlendirilmis ve hangi durumun amag fonksiyonu
degeri daha basarilt ise o durum dikkate alinmustir.

Kontrol isleminin adimlar1 asagida verilmistir.

Adim 1 Eldeki ¢dzlimiin a;j, degerlerini kaydet.
Adim 2: Eger a;j, = e ise Y, X;jrq = 0 olarak giincelle.
Adim 3: MOdeIApB QOZ

Adim 4: Eldeki ¢oziimden daha iyi bir ¢dziim bulunduysa eldeki ¢dziimii giincelle.
Adim 5. Her a;j, i¢in Adim 2, Adim 3 ve Adim 4’1 tekrarla.

3.5. Matsezgisel tavlama benzetimi

Tavlama Benzetimi (TB), ilk kez Kirkpatrick vd. tarafindan 1983 yilinda tamitilmistir [16]. Bu algoritmada
katilarin fiziksel tavlanma slireglerinden ilham almilmigtir. Bu nedenle dogal siireglerden ilham alinan ilk
algoritmadir. TB, birgok problem tiiriinde uygulanabildigi i¢in yaygin olarak kullanilmaktadir. Yerel en iyiden

81



Tutumlu, B., & Sarag, T., (2023), Journal of Scientific Reports-B, 8, 75-90

kagmak i¢in kotli ¢oziimlerin kabul etmesi ve yakinsama 6zelligi ile kisa siirede biiyiik boyutlu problemlere ¢6ziim
bulabilmektedir. Bir baslangi¢ sicakligi ile baslanir ve her adimda belli bir oranda bu sicaklik disiiriiliir. Sicaklik
degeri yiiksek iken yeni ¢oziimlerin cogu kabul edilirken sicaklik diistiikce yeni ¢oziimlerin kabulii azalarak
yakinsama saglanir. TB’nin parametreleri, baslangi¢ sicakligt (To), son sicaklik degeri (Tsqn), sicakligi azaltma orani
(k), her sicakliktaki ardistirma sayisi ve durdurma kriteridir.

Bu ¢alismada, 6nerilen Modelapg’i TB algoritmasina entegre edilmistir. Boylelikle Modelrs’nin belirlenen siire
limitleri icerisinde ¢6zim bulamadigr biiyiikk boyutlu problemler igin ¢6ziim bulunmustur. Ayrica islerin
makinelerdeki alt parti biiyiikliikleri model tarafindan belirlendigi icin basarili ¢oziimler elde edilmistir. Onerilen
matsezgisel tavlama benzetimi (MTB) algoritmasinin adimlar1 akis semast ile gosterilmistir. Akis semast Sekil 2°de
verilmistir. Akis semasindaki z, ama¢ fonksiyonun degeri ve o ise iglerin operasyonlarinin alt parti biiytikliiklerini
ifade etmektedir.

To. Tson, k. toplam ardistirma
sayisi1 ve durdurma kriterini
belirle
¥

T=T, olarak tanumla ve bir
basl ¢ coziim tiiret (x)

Hayir

1
1
1
I
I
1
1
1
1
i
I
Model 0z (0, = ‘ | S . . .
| aps 697 (¢, 2) p| rs=0,5 1kili yerdegistirme islemi yap

X ¢oziimiinii en basarili 7
0ziim (x*) olarak ata (z'==z

Evet

Ters ¢evirme iglemi yap

:I Komsu ¢oziim tiiret (x”) k

| Modelpg ¢0z (a'. 2") ‘

¥
| Kontrol ‘
Evet

Hayir .
u< e @-aIT

x =x"ve z=z' olarak giincelle

T=k*T olarak giincelle | Evet

x =x"ve z=z' olarak giincelle

| x “=x ve z"= olarak giincelle
¥

Ardigtirma sayisi 1 artir I‘

sayisi >

Toplam
ardigtirma
sayisi

Sekil 2. Onerilen matsezgisel tavlama benzetimi algoritmasinin akis semast.

Bu algoritmada komsu ¢oziim tiiretmek i¢in ¢6ziim gosterimindeki ig satir1 igin ikili yer degistirme veya ters
cevirme operatorleri kullanilmistir. Sekil 3 ve 4’de operatdrlerin uygulamasi verilmistir.
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| }

031 021 011 021 012 022 022 012 032 032

N ENERENENNY ENERENEN EY
031 032 011 021 012 021 022 012 022 032
N E ENENENNY ENER ENEL EY

Sekil 3. Ikili yerdegistirme operatérii.

031 021 011 021 012 022 022 012 032 032
Cds 3222 ]2]1]3]3]

031 021 011 032 012 021 022 012 022 032
[alafofsfifa]z]i]2]s]

—
%)

Sekil 4. Ters gevirme operatorii.

Gortildugi gibi, Sekil 3'te gosterilen ikili yer degistirme operatdrii icin rastgele iki konum segilir ve bu
konumlardaki degerler birbirleriyle degistirilir. Ters ¢evirme operatdrii i¢in rastgele iki konum secilir ve bu iki
konum arasindaki hiicrelerdeki degerler ters ¢evrilir. Coziim gosteriminin makine satirt yani ikinci satir ilk satirdaki
degisiklikten dolay1 tekrar diizenlenir. Ugiincii satir igin rastgele [1, PMO/3] araligindan bir say1 segilir. PMO, tiim
islerin paralel makinelerde islem gorebilen operasyonlarinin toplamidir.Bu sayi kadar paralel makinelerde
islenebilen iglerin operasyonlar1 secilir ve her operasyonun islenebilecegi tim makineler i¢in rassal sayi tiiretilir.
Rassal say1 0,5’ten biiyiik ise 1, kiiclik ise 0 degeri atanir. Diger islerin operasyonlarinin degerlerinde herhangi bir
degisiklik yapilmaz.

3.6. Matsezgisel degisken komsuluk arama

Degisken komguluk arama algoritmasi ilk kez Mladenovic ve Hansen [17] tarafindan 1997°de gelistirilmistir.
Tavlama benzetimi gibi tek ¢oziim tabanli bir algoritmadir. Diger sezgisel algoritmalara kiyasla bu algoritma, basit
yapisi, farkli ¢oziim teknikleriyle entegre edilebilmesi ve ¢ok az parametre gerektirmesi nedeniyle diger
algoritmalara gére dnemli avantajlar sunmaktadir [18]. Tek bir komsuluk yapisi yerine birden fazla komsuluk yapisi
kullanilmaktadir. Bu ¢alisgmada, degisken komguluk arama algoritmasina da onerilen Modelypg entegre edilerek
matsezgisel degisken komsuluk arama (MDKA) algoritmasi onerilmistir. 5 farkli komsuluk yapis1 kullanilmustir.
Bu yapilar agagida verilmistir.

Komgsuluk 1 (Ikili Yer Degistirme Operatorii): Coziim gdsterimindeki alt parti sayilarini degistirmeden islerin
stralarinin degistirilmesi saglanmaktadir.
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Komgsuluk 2 (Ters Cevirme Operatori): Komsuluk 1°deki gibi ¢6ziim gosterimindeki alt parti sayilarini
degistirmeden islerin siralarinin degistirilmesi saglanmaktadir. Fakat komsuluk 1’e gore bu komsuluk yapisi daha
biiyiik degisikliklere neden olmaktadir.

Komgsuluk 3 (Alt Parti Sayisimin Degistirilmesi): Rastgele [1, PMO/3] araligindan bir say1 segilir. Bu say1 kadar
paralel makinelerde islenebilen islerin operasyonlar segilir ve her operasyonun islenebilecegi tiim makineler i¢in
rassal say1 tiiretilir. Rassal say1 0,5’ten biiyiik ise 1, kiiciik ise 0 degeri atanir.

Komsuluk 4 (Ikili Yer Degistirme Operatorii + Alt Parti Sayisimin Degistirilmesi): Hem Komsuluk 1 hem de
Komsuluk 3 yapisindaki degisiklikler birlikte yapilmaktadir.

Komgsuluk 5 (Ters Cevirme Operatorii + Alt Parti Sayisinin Degistirilmesi): Hem Komsuluk 2 hem de Komsuluk 3
yapisindaki degisiklikler birlikte yapilmaktadir.

Onerilen MDKA’nin adimlar akis semasi ile gosterilmistir. Akis semasi Sekil 5°de verilmistir.
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Komsuluk sayist (Kmqx ),
komsuluk yapilar ve
durdurma kriterini belirle

Bir baslangi¢ ¢oziim tiiret (x)

¥

x =x' ve z=z’ olarak giincelle

Evet
Modelypg ¢z (, 2)
Haywr T
4 x coziimiinii degistirme
x cOziimiinit en basarili
coziim (x*) olarak ata (z*==2)
¥
- k = 1 olarak tanimla < Rassal sayi tiiret (7s5)
¥ 4
k. komsuluk yapisi ile komsu - Modelgpg ¢80z (@', 2')
coziim tiiret (x") yy
x' ¢dziimiine bozma iglemi
Modelypg ¢6z (@', z") uygula
Evet
¥ H
Kontrol ke
Hayir
k=k+1 olarak giincelle
Evet

x =x've ==z’ olarak giincelle

Hayir

Evet

x"=x ve z"=: olarak giincelle

Sekil 5. Onerilen degisken komsuluk arama algoritmasinin akis semas.

Sekil 5’ten de goriilebilecegi gibi, degisken komsuluk arama algoritmasinda komsu ¢6ziime bozma islemi
uygulanmaktadir. Bu iglem, yerel eniyiye takilmamak ve aramayi etkili bir sekilde c¢esitlendirmek igin
gerceklestirilmektedir. Bu ¢aligmada bozma islemi i¢in asagidaki adimlar uygulanmaktadir.

Adim 1: Bozma iglemi uygulanacak komsu ¢6ziimiin ilk satirindan rastgele bir konum segilir. Bu konumdan sonraki
isler karigtirilir. Sekil 6°da bu islemin nasil gergeklestirildigi gosterilmistir.
Adim 2: Ikinci satira tekrar makine atamalar1 yapilir.
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Adim 3: Coziimiin bozulmadig1 durumdaki islerin operasyonlarinin alt parti sayilar1 ve biiytikliiklerine gore ticlincii
satir diizenlenir.

Konum=4

031 021 011 021 012 022 022 012 032 032
Lis [sfa]ufafifafafr]s]s]

[2,1.2.2,1.3.3]
l Liste karigtirilir.

[3,1,1,2.3,2,2]
031 021 011 032 012 012 021 032 022 022

L [afafusfufifafsfo]o]

Sekil 6. Coziimiin ilk satirini bozma iglemi.
4. Sayisal Sonuglar

Bu béliimde, 6nerilen MTB ve MDKA algoritmalarini karsilastirabilmek igin farkli boyutta test problemleri
tiiretilmistir. Tiretilen test problemler Onerilen algoritmalar ile Python 3.9.7 ve Gurobi 9.5.0 kullanilarak
¢Oziilmiistiir. Ayrica algoritmalarin performansini degerlendirebilmek iginde tiiretilen test problemleri literatiirdeki
Modelys ile de GAMS 23.7'nin CPLEX ¢6ziiciisii kullanilarak ¢6ziilmistiir. Tiim test problemleri, 2.40 GHz Intel
Core 15 ve 8 GB RAM'e sahip bir bilgisayarda ¢6ziilmiistiir.

4.1. Test problemlerinin tiiretilmesi

Onerilen MTB ve MDKA algoritmalarimin performansi, rastgele olusturulmus kiiciik, orta ve biiyiik boyutta
problemler ¢ozdiiriilerek test edilmistir. Problemlerin 6zellikleri Tutumlu ve Sarag¢ [15]’mn ¢alismasindaki gibi ele
almmustir. Kiigiik, orta ve biiyiik boyutlu problemlerin 6zellikleri; is sayisi 4, 6 ve 10, islerin operasyon sayisi 3, 4 ve
5 ve makine sayist 5, 8 ve 11’°dir. Operasyonlarin gergeklestirebilecegi alternatif makine sayisi kiiciik boyutlu
problemde 2 iken diger boyuttaki problemlerde 3’tiir. Ayrica test problemlerinin tj [1/g;, 99/g;]ve s [1,30]
araliginda diizgiin dagilima uygun tiiretilmistir. e ve g; sirastyla 10 ve 100 olarak tanimlanmuistir.

4.2. Onerilen algoritmalarin parametreleri

Algoritmalarin uygulanabilmesi i¢in bazi parametre degerlerinin belirlenmesi gerekmektedir. MTB i¢in baslangic
sicakligi (Ty), son sicaklik degeri (Tso), sicakligl azaltma orani (K), her sicakliktaki ardigtirma sayist ve durdurma
kriterine karar verilmesi gerekmektedir. MDKA algoritmasi i¢in ise komsuluk sayist ve durdurma Kriterine karar
verilmesi gerekmektedir. Iki algoritmada da durdurma kriteri olarak iterasyon sayis1 uygulanmustir. Tablo 1°de
oOnerilen algoritmalarin parametre degerleri verilmistir.

Tablo 1. Onerilen algoritmalarin parametre degerleri.

MTB MDKA
Parametre Degeri Parametre Degeri
To 100 Komsuluk sayist 5
Tson 10 I terasyon sayisi 10000
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k 0,90
Ardigtirma sayist 5

Iterasyon sayis 500

Tablo 1’den de goriilebilecegi gibi MTB’de birden fazla parametre degerine karar verilmesi gerekirken,
MDKA'’da ise daha az sayida parametre degerine karar verilmesi gerekmektedir. MDKA, sezgisel yontemler
arasinda en az parametreye sahip algoritmalardan biridir. Iki algoritmamin birbiri ile kiyaslanabilmesi igin
aragtirdiklar1 ¢6ziim sayilarmmin dengeli olmasi gerekir. Parametre degerleri belirlenirken bu durum dikkate
alinmistir. iki algoritmada da yaklasik 50000 tane komsu ¢dziim arastirilmaktadar.

4.3. Oyuncak problem
Is sayisinin 4, islerin operasyon sayisimin 2, makine sayisinin 3 ve operasyonlarin gerceklestirebilecegi alternatif
makine sayisinin 2 oldugu bir oyuncak problem tiiretilmistir. Problemde islerin operasyonlarinin

gergeklestirilebilecedi makinelerdeki (Uij=1) ti ve Sjj siireleri Tablo 2’de verilmistir.

Tablo 2. Toy problemin tj ve sj; parametre degerleri.

i i r Lijr Sijr
1 1 1 0,13 19
1 1 3 0,17 15
1 2 3 0,38 14
2 1 2 0,09 10
2 1 3 0,20 18
2 2 1 0,11 14
2 2 2 0,15 17
3 1 2 0,12 15
3 1 3 0,85 28
3 2 1 0,47 17
4 1 1 0,13 14
4 1 3 0,32 28
4 2 2 0,39 7

4 2 3 0,45 24

Oyuncak problem Modelrs, MTB ve MDKA ile ¢oziilerek Tablo 3’de sunulan Ce, ve ¢ozim siireleri elde
edilmistir.

Tablo 3. Cenp degerleri ve ¢oziim siireleri.

Yontem Cenb Stire (sn.)
Models 111,31 13,23
MTB 111,31 29,83
MDKA 111,31 75,23

Tablo 3’ten de goriilebilecegi gibi oyuncak problemin en iyi amag¢ fonksiyonu degeri olan 111,31 hem MTB hem
de MDKA ile bulunmustur. Boylelikle iki algoritmanin da eniyi ¢oziime ulasabildigi gosterilmistir. Sekil 7°de
oyuncak problemin Gantt Semasi verilmistir.
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Makine 3 2.1(46br.) | 1.1 | 1.2 |
Makine 2 3.1 PiGabo)| 22@30r) | 42 |
Makine 1 4.1 | 32 2.2 (57 br.) |
0 20 40 60 80 100 120

Sekil 7. Oyuncak problemin Gantt Semasi.

Sekil 7 incelendiginde hem O,; hem de O,, operasyonlari iki alt partiye boliinmiistiir. O,; operasyonu makine
2’de 54 br. ve makine 3’te 46 br. ve O, operasyonu da makine 1°de 57 br. ve makine 2’de 43 br. islenmektedir.
Ayrica iglerin alt partilere boliinmesinin makine kullanimlarini da dengeledigi goriilmektedir.

4.4, Test sonuglar

Rastgele tiiretilen test problemleri literatiirden alinan [15] matematiksel model (Modelys) ve melez genetik
algoritma (MGA+s) ve 6nerilen MTB ve MDKA algoritmalar ile ¢ozilmiistiir. Coziim siireleri 7200 saniye ile
siirhdir. Farkli boyuttaki test problemleri i¢in elde edilen sonuglar ve ¢oziim siireleri Tablo 4’de verilmistir. Tablo

4’de verilen MTB ve MDKA igin Cgy, degerleri 5 kez calistirma sonucunda elde edilen en basarili sonuglardir.

Tablo 4. Elde edilen sonuglar ve ¢6ziim siireleri.

Test MOdelTs MGATS MTB MDKA
Problemleri ¢ (sniur ¢ Cent (snﬁw ¢ Cent Siire (sn.) Cent Siire (sn.)
Kiigiik 195,78 483,13 195,78 234,97 195,78 311,12 195,78 413,62
Orta 515,22 7200 285 520,93 283 1635,51 284,96 3015,92
Biiyiik - - 481,04 1486,71 461,72 1718,63 473 5307,41

Tablo 4 incelendiginde, literatiirdeki Modelys ile kiigiik boyutlu problemde en iyi ¢6ziim ve orta boyutlu
problemde siire limiti igerisinde bir uygun ¢6ziim elde edilmistir. Fakat biiyiik boyutlu problemde siire limiti
icerisinde bir ¢6ziim elde edilememistir. MGArs, MTB ve MDKA algoritmalari ile tiim boyutlardaki problemler igin
bir ¢6ziim bulunmustur. Hatta kiiciik boyutlu problemin eniyi ¢6ziimiine tiim algoritmalar ile kisa siirede
ulagilmistir. Onerilen algoritmalar ¢oziim siireleri acisindan karsilastinldiginda kiigiik, orta ve biiyiik boyutlu
problemlerde sirastyla %24,78, %45,77 ve %67,62 oraninda MTB, MDKA’dan daha kisa siirede ¢dziim bulmustur.

Literatiirden alinan ve Onerilen ¢6ziim ydntemlerinin basarist kiyaslanarak iyilestirme ytizdeleri Tablo 5’te
verilmistir. Iyilestirme yiizdeleri Denklem (20)’de verilen formiil ile hesaplanmistir. Burada iyilestirme yiizdesi,
kiyaslama yapilan ikinci yontemin amag fonksiyonunun (z) ilk yonteme (z;) kiyasla yiizdesel olarak ne kadar
basarili oldugu anlamina gelmektedir.
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lyilestirme (%) = @ 100 (20)
1

Tablo 5. lyilestirme yiizdeleri.

Dilestirme (%)

nglzsr:“ eri  ModelsMTB  Models-MDKA MGA-MTB  MGArs-MDKA MDKA-MTB
Kiiciik 0 0 0 0 0
Orta 45,07 44,69 0,70 0,01 0,69
Biiyiik - - 4,02 1,67 2,38

Tablo 5’ten de goriilebilecegi gibi, kiiclik boyutlu problemin tiim yontemler ile eniyi ¢dziimiine ulasilmistir. Orta
boyutlu test probleminde MTB ve MDKA sirasiyla Modelrs’den %45,07 ve %44,69 daha basarili sonug
bulmuglardir. MGArs’nin amag fonksiyonu degeri ise sirasityla %0,7 ve %0,01 oraninda iyilestirilmistir. Orta
boyutlu problemde MTB ve MDKA ¢ok yakin sonuglar elde etmislerdir. Biiyiikk boyutlu problemde MTB ve
MDKA algoritmalari ile sirastyla MGA+ts’den %4,02 ve %1,67 daha basarili amag fonksiyonu degeri elde edilmistir.
Ayrica MTB, MDKA’ya gore %2,38 daha basaril1 ¢6ziim bulmustur.

Kisaca ozetlersek, MTB ve MDKA’ nin kii¢iikk boyutlu problemde Modelrs ile ayn1 sonucu yani en iyi ¢éziimii
buldugu gosterilmistir. Onerilen iki algoritma kiyaslandiginda ise MTB, MDKA’dan daha kisa siire de daha basarili
¢Oziimler bulmustur.

5. Sonuglar ve Oneriler

Bu calismada, islerin boliinebildigi esnek atdlye ¢izelgeleme problemi ele alinmistir. Bu problemde islerin kag alt
partiye boliinecegi ve alt parti biiyiikliiklerinin ne olacagini belirlemek kolay degildir. Bu nedenle genellikle
literatiirdeki caligmalarda alt parti biiyiikliikleri bir sayinin kat1 olarak ele alinmaktadir veya alt ve {ist sinurlar ile
sinirlandirilmaktadir. Tutumlu ve Sarag [15] hicbir sinirlandirma olmadan ele alinan problem i¢in bir matematiksel
model ve melez bir GA énermislerdir. Onerilen sezgisel yontemde alt parti biiyiikliiklerinin ne olacagim belirlerken
mevcut ¢oziimdeki alt parti biyiiklikleri artirilarak veya azaltilarak belirlenmektedir. Bu islem ile genis arama
uzayinda kisa siirelerde basarili ¢oziimler bulmak zor olabilir. Oysaki son yillarda hem matematiksel modellerin
hem de sezgisel yontemlerin birlikte kullanildigi matsezgisel algoritmalarin kullanimi artmistir. Matsezgisel
algoritmalar sayesinde alt parti biiyiikliikkleri matematiksel model ile belirlenebilmektedir. Boylelikle sezgisel
algoritmanin tiirettigi komsu ¢oziimlerin en iyi alt parti biiyiikliikleri bulunmaktadir. Bu c¢alismada ele alinan
problem i¢in hem MTB hem de MDKA algoritmalart dnerilmistir, her iki algoritmada da literatiirden farkli olarak
islerin alt parti bityiikliikleri, matematiksel model ile bulunarak hem alt problemin eniyi ¢6ziimii hem de sezgisel
algoritmanin arama yapacagi ¢6ziim uzayr daraltilmistir. Algoritmalarin performansi farkli boyutlarda rastgele
tiiretilen test problemleri ve literatiirden alinan matematiksel model kullanilarak gosterilmistir. Ayrica Onerilen
algoritmalarla elde edilen sonuglar kiyaslanmistir. Elde edilen sonuglara gére MTB, MDKAya gore kisa siirelerde
daha basarili ¢dziimler elde etmektedir.

Gelecek ¢aligmalarda, problem ¢ok amagli olarak ele alinip, ¢ok amagh matsezgisel yontemler gelistirilebilir.

Tesekkiir

Tesekkiir edecegimiz herhangi bir kisi veya kurulus bulunmamaktadir.
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