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RESEARCH ARTICLE / ARASTIRMA MAKALESI

Investigation of Cryptocurrency-Centered Money Laundering Scenarios in
Terms of Digital Forensics

Diizgiin KUCUK 'Y, Omer Faruk YAKUT ' “, Emre CAKAR ', Fatih ERTAM !
!Firat Universitesi, Teknoloji Fakiiltesi, Adli Bilisim Miihendisligi Béliimii, Elazig, Tiirkiye

Abstract

This study contributes to the literature on tracking money laundering activities. It is important that the proposed methods are
applied only to individuals under suspicion of crime and within the framework of existing legal regulations, without violating
individual rights and freedoms. The use of relevant methods should adhere to ethical and legal limitations, taking into
account important aspects such as privacy and personal data protection.

The main innovation of this study is the presentation of blockchain-based analysis methods for monitoring cryptocurrencies
and detecting criminals' money laundering techniques. This study examines how criminals use tools such as cryptocurrency
mixers to hide their traces and create illicit money flows. Based on the study findings, monitoring methods are proposed for
mixers with low transaction counts and simple operation logic. However, tracking becomes more challenging in complex
mixers with a higher volume of transactions, where it is more likely for criminals to blend in with other users.

This study provides a significant contribution by focusing on the opportunities provided by blockchain technology in
detecting money laundering activities. It also serves as a valuable resource for identifying steps in digital evidence analysis
and tracking processes.

In this study, an approach that will detect money laundering is presented through sample scenarios by bringing a broad
perspective to crypto money-based money laundering methods, which are very difficult to trace due to their nature. In
addition, it is expected that the difficulties in the implementation of the proposed approach will be clearly addressed and will
shed light and inspire further study.
Keywords: Bitcoin, clustering heuristics, cryptocurrency, blockchain, digital forensics, digital evidence, coin mixers, money
laundering, cryptocurrency tracking

Oz

Bu caligma, kara para trafiginin takibi konusunda literatiire katkida bulunmayi amaclamaktadir. Onerilen yontemlerin
yalnizca sug siiphesi altindaki kisilere uygulanmasi ve mevcut yasal diizenlemeler gergevesinde bireysel hak ve 6zgiirliikleri
ihlal etmemesi 6nemlidir. Etik ve yasal sinirlamalara uygun olarak ilgili yontemlerin kullanimi, mahremiyet ve kisisel veri
korumasi gibi 6nemli yonleri dikkate almalidir.

Bu ¢alismanin ana yeniligi, kripto para birimlerinin izlenmesi ve suglularin para aklama ydntemlerinin tespiti i¢in blockchain
tabanli analiz yontemlerinin sunulmasidir. Makalede, suglularin kripto para karistiricilari gibi araglari kullanarak izleri
kaybettirmesi ve kara para trafigi olusturmasi incelenmistir. Calisma sonuglarina gore, diisiik islem sayisina sahip ve basit
islem mantigia sahip karstiricilar i¢in izleme yontemleri Onerilmistir. Ancak daha karmasik ve daha fazla islem yapilan
karistiricilar i¢in izlemenin zor oldugu ve suglularin diger kullanicilar arasinda izlerinin kaybolmasinin daha olast oldugu
belirlenmistir.

Bu ¢aligma, suglularin para aklama faaliyetlerini tespit etmede blockchain teknolojisinin sagladigi olanaklara odaklanarak
o6nemli bir katki saglamaktadir. Ayrica, sayisal delil analizi ve takip siirecleri i¢in adimlarmn belirlenmesi agisindan da degerli
bir kaynak olusturmaktadir.

Bu c¢aligmada; yapis1 geregi iz siirmenin ¢ok zor oldugu kripto para merkezli kara para aklama yontemlerine genis bir bakis
acis1 getirilerek, ornek senaryolar iizerinden kara para aklamay1 tespit edecek bir yaklagim sunulmaya caligilmistir. Ayrica
onerilen yaklagimin uygulamadaki zorluklar agik bir sekilde ele alinarak daha sonra yapilacak g¢aligmalara 1s1k tutmasi ve
ilham vermesi beklenmektedir.

Anahtar Kelimeler: Bitcoin, kiimeleme bulussal yontemleri, kripto para, blok zincir, adli bilisim, dijital kanit, coin
karigtiricilari, kara para aklama, kripto para takibi
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Investigation of Cryptocurrency — Centered Money Laundering

I. INTRODUCTION

The phenomenon of cryptocurrency, considered one of
the greatest technological advancements in the digital
world, has rapidly gained popularity and attracted
significant public attention [1]. Cryptocurrency is a
digital asset that employs cryptography to secure
transactions and maintain control within its own
system. Consequently, transactions are conducted
autonomously without the involvement of any central
authority, safeguarding the privacy of individuals'
personal information [1].

Transactions within cryptocurrency are recorded on
the blockchain, ensuring data integrity; however, the
sender and receiver details remain undisclosed if the
'private key' is unknown to researchers [2]. Bitcoin,
the first cryptocurrency, was introduced by an
enigmatic individual or group known as Satoshi
Nakamoto on January 9, 2009 [3]. Nakamoto
announced the publication of the initial version of
Bitcoin, an electronic cash system usinga peer-to-peer
network to prevent double spending, operating
independently of servers or central authorities [3].

After this announcement, numerous valid and invalid
cryptocurrencies flooded the market due to high
demand, substantial price fluctuations, and intense
public interest [4]. While this situation has victimized
thousands of people, it has also been exploited by
illegal organizations for activities like money
laundering [5]. Criminals and terrorists have swiftly
leveraged Bitcoin's unique characteristics, such as its
peer-to-peer structure and pseudo-anonymity, to
facilitate extensive financing and money laundering
schemes [5].

Governments, on one hand, defend Bitcoin as a
currency to protect their national interests and exhibit
tolerance toward it. On the other hand, opposing
parties have led to a bureaucratic war, hindering the
establishment of comprehensive regulations and
classifications for cryptocurrency, thereby preventing
the surpassing of existing legal boundaries [6]. Money
serves as a vital element supporting illegal terrorist
and criminal organizations, allowing them to survive
and sustain their activities [7]. These groups acquire
financing  through various means, including
government sponsorships, illegal trade, extortion,
theft, support donations, and personal wealth [8]. The
centralization of currencies and the development of
control mechanisms have driven these entities to shift
their focus to cryptocurrencies.

The decentralized nature of cryptocurrencies has
proven advantageous in many regions, bypassing
existing banking systems, especially in areas plagued
by corruption. However, this unregulated and
decentralized structure has raised significant concerns
for governments and intelligence agencies. The
supposed anonymity of cryptocurrency users implies

that personal information may never be disclosed;
however, in certain special cases, the structure can be
traced to multiple computers or identified through a
specific public key associated with the user.
Additionally, the instantaneous and irreversible nature
of international cryptocurrency transactions, detached
from existing banking systems, further reinforces the
uncontrolled aspect of this structure [6].

II. RELATED WORKS

Studies on detecting money laundering methods using
cryptocurrencies are novel and up date. Despite these
negative aspects, efforts have been made to
understand the structures of cryptocurrency derived
from criminal proceeds and to transform the various
stages of digital forensics analysis of devices used in

cryptocurrency transactions into more concrete
processes [2]. These efforts involve -clustering
heuristics,  attribution  tags, and  analyzing

cryptocurrency payment flows to investigate criminal
activities, highlighting key components of modern
cryptocurrency analytical techniques [9]. However,
the proposed clustering method and the diversity of
input-output transactions in coin mixers have not been
addressed. Another study discussed different
approaches to detecting cryptocurrency mining in
corporate networks, presenting two detection methods
and practices to prevent the unauthorized use of
company resources [10]. Advancements in learning
algorithms, such as logistic regression (LR), random
forest (RF),multi-layer perceptron (MLP), and graph
convolutional networks (GCN), hold promise for anti-

money laundering efforts and predicting illicit
transactions [11]. Although the association of
cryptocurrencies with various crimes such as

narcotics, firearms, money laundering, terrorism, child
abuse, and ransom attacks may seem negative, the
development of specialized analytical tools can
facilitate the detection of large criminal networks [12].

The aim of this study is to provide preliminary
information on detecting wallets involved in money
transfers  through public crypto transactions,
considering the available money laundering methods
for law enforcement in this dark realm. The article is
organized as follows: the first part explains definitions
and expressions related to cryptocurrencies, the
second part reviews relevant literature, the third part
provides detailed explanations of existing money
transfer methods, the fourth section presents scenarios
for monitoring coin mixers and proposes a detection
method, the fifth chapter includes a sample application
for law enforcement and digital forensics experts,
demonstrating tools and scanners for analyzing wallet
movements. The final section evaluates and discusses
the results.

The unique contributions of this study are as follows:
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® Introducing an approach to detect money
laundering and suspicious wallet movements in
cryptocurrency transfers, which operate outside

the control of central authorities and are
untraceable.
® Discussing methods related to laundering

proceeds of crime using cryptocurrencies and
providing insights for future studies in
identifying these methods.

® Offering detailed information on various money
laundering methods used in the world of
cryptocurrencies.

® Providing recommendations for analyzing and
tracking these money laundering methods.

® [Examining scenarios for tracking suspects
through the input and output values of coin
mixers, a widely used method for money
laundering, and presenting detection approaches.

® Including tools and methods that digital forensic
experts can use for tracing activities in the world
of cryptocurrencies.

III. MATERIALS AND METHOD

3.1. Cryptocurrency

Cryptocurrency is an electronic payment system that
operates on the basis of cryptographic evidence,
allowing direct transactions between any two willing
parties. Its peer-to-peer (P2P) nature eliminates the
need for central banks or verifiers to facilitate and
authenticate transactions. It operates on a fully
decentralized and distributed open-source software
platform, enabling users to connect and participate in
the network at any time [9]. The Bitcoin system
comprises essential components for executing these
transactions, including cryptocurrencies, wallets,
public-private keys, and the blockchain [10]. Users
use digital wallets to store their cryptocurrencies,
which provide them with an account number.
However, it is uncommon for users to input real
credentials when acquiring a wallet [9]. Each wallet,
and therefore each user, is associated with a public
and private key. The public key is shared across the
network and is used to generate cryptocurrency
addresses, sign transactions, and verify payments [9].
In essence, the public key represents the address to
which the cryptocurrency is sent and is also used to
verify the signatures of transactions signed with the
private key. While it is possible to derive a public key
from a private key, the reverse is not possible.
Therefore, it is crucial for users to securely store their
private keys. Moreover, since the user in possession of
the keys associated with the cryptocurrency is the only
person capable of transferring it, the loss of keys
renders the cryptocurrency inaccessible [11]. On the
other hand, the blockchain is a publicly accessible
ledger that records every transaction. Each record
contains the public keys of both the sender and the
receiver, along with the transaction amount and
timestamp. Users can acquire cryptocurrencies
through online purchases, cryptocurrency vending

machines, or mining. Mining refers to the process in
which miners solve complex mathematical problems
to wvalidate transactions and add them to the
blockchain [12].

3.2. What is Money Laundering?

Money laundering refers to the process in which
criminals disguise illicit funds as legitimate money,
investments, or financial assets [13]. This operation is
designed to make the proceeds from illegal activities,
such as drug trafficking, appear to originate from
lawful sources. Once the illegal funds have been
laundered, the perpetrator can freely spend or invest
the illicit income in legitimate assets. Money
laundering poses a significant threat to the global
economy, undermines the integrity of financial
systems, and funds further criminal activities that
impact community safety and well-being [14].

3.3. Blockchain Explorer

When transactions occur on public networks such as
Bitcoin and Ethereum, the data is transformed into a
unique value through cryptographic transactions.
These unique values are stored in blocks, and all users
can access them. Not only the transaction hashes but
also the hash values of all wallets and transactions
associated with those wallets are publicly available.
This feature has both positive and negative aspects.
On one hand, it allows for easy tracking of "how much
cryptocurrency is held in which wallet" and "when
transfers were made in a particular wallet." However,
the owners of these wallets remain anonymous and
their identities are unknown. In other words, there are
numerous wallets and transactions, but the individuals
behind these wallets are unidentified. The websites or
programs that visualize all cryptocurrency blocks and
present them to the public are known as "Blockchain
Explorers."

rer= > Engelle

2562 722 0271 31,484,

Figure 1. Blockchain Explorer

As shown in Figure 1, the content of an Ethereum
block retrieved from Blockchain.com, one of the most
well-known blockchain explorers, is shown. Here, it is
easy to access a lot of information about the block,
from which the miner approves the block [15].
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Figure 2. Web page view showing registration
information for cryptomoney transfers

As shown in Figure 2, the interface of these browsers
provides access to information such as the amount of
money transferred between wallets and the
corresponding charges. Each transaction also has a
cryptographic summary. Based on the available
information, it can be concluded that the data on the
blockchain is transparent in terms of transaction
details but anonymous in terms of the identities
involved.

3.4. Anti-Money Laundering Act (AML)

The Anti-Money Laundering Act (AML) encompasses
regulations and laws aimed at preventing the transfer
and laundering of illegal funds. AML software
typically detects suspicious behaviors, including large
fund transfers, consistent inflow of funds into an
account, and cross-checks against watch lists. AML
measures are not limited to cryptocurrencies but apply
to all assets and currencies, subject to AML
regulations [16].

3.5. Anti-Money Trace and Money Laundering
Methods

Just as the use of anonymity technologies makes it
challenging to identify individuals, the wuse of
cryptocurrencies can make it difficult to hold specific

individuals accountable for money laundering
activities. However, by tracing a particular
cryptocurrency account to the corresponding

exchange, it may be possible to establish a connection
between the laundered money and other accounts of
the individual [17]. For instance, if the funds in a
wallet account are obtained illegally, and the wallet
address is known, the transactions performed by that
wallet can be tracked, revealing the wallets to which
the funds are transferred. However, criminals are
aware of this situation and have developed various
methods to launder their money.

3.5.1. Buying NFT (Non-Fungible-Token) at
exorbitant prices

This method is prevalent in the real world and has
been practiced for a considerable time. For example,
purchasing worthless paintings for thousands of
dollars or buying products of little value at excessively
high prices on online platforms can be cited as
examples. NFTs, known for their unique
product/artwork value, are often used for money
laundering purposes. Criminals employ two main
methods to evade detection in tracked wallets. In the
first method, they create a new wallet and purchase
their own NFTs at inflated prices. In the second
method, they negotiate with an NFT seller and buy the
seller's NFT at a higher price, obtaining a significant
portion of the paid amount back from the seller.

3.5.2. Selling on exchanges in the dark web
Criminals frequently employ this method to convert
their traceable cryptocurrencies (such as Bitcoin and
Ethereum) into Monero, as tracking transactions in
Monero is nearly impossible. Additionally, since these
exchanges do not require authentication, criminals can
casily sell their cryptocurrencies. AlphaBay Market
serves as an example of such exchanges.

3.5.3. Converting black coins to cryptocurrencies
like Monero

Monero is a cryptocurrency that uses a variety of
privacy-enhancing technologies to hide transactions
and make them anonymous. One of the key
technologies that Monero uses is ring signatures.

The ring signature is a signature technique used by
Monero to ensure transaction privacy. In this method,
a user initiating a transaction creates a "ring" that
includes signatures from randomly selected other
users. This ring is used to hide the real identity of the
user initiating the transaction and make it untraceable.
Monero utilizes Bulletproofs+ with a ring signature
size of 16. This means that each transaction contains
16 signatures. As a result, it becomes even more
challenging to infer the identity of the user initiating
the transaction and to track the transactions [30].

Key image (cick Amount

Figure 3. Contents of Monero transaction [31]

In Figure 3, addresses that signed the input part of the
Monero transaction with the address
"ble814aed40bf79a2b652753edca346d15bae90ee4d3
63¢25b9c0d915a82430f" can be seen. There are 16
addresses, and these signatures are specifically
generated for the address receiving XMR (Monero's
cryptocurrency). The signature addresses for the
sender address are different from those shown in
Figure 3.

3.54. Real-world face-to-face  shops by
withdrawing cryptocurrencies to cold wallet

In this method, criminals transfer funds from their hot
wallets to portable digital wallets known as cold
wallets. After withdrawing the funds to a cold wallet,
they sell them at a price lower than the market rate.
Unsuspecting buyers, enticed by the opportunity to
purchase cryptocurrencies below market price,
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conduct the exchange in person for cash. It is
understood from the web pages that such buyers
started their activities by opening liaison offices [32,
33]. On the other hand, it is possible to make cash
payments by using crypto money ATMs, which are
active in many places [34]. However, if the buyer of
the cold wallet is unaware of its origin and
subsequently transfers the funds to an authenticated
exchange for selling, the recorded transactions on the
network can easily reveal the trail leading to the cold
wallet.

3.5.5. Using online gambling sites

In this method, criminals deposit the cryptocurrencies
they want to launder into their accounts on online
gambling sites that accept cryptocurrency payments.
They then engage in betting activities to avoid raising
the suspicion. Finally, they withdraw the funds from
their accounts, effectively converting the illicit funds
into clean money. Typically, multiple gambling
accounts are used to minimize attention. If online
gambling companies detect large sums of
cryptocurrencies in user accounts, they are likely to
become suspicious of the account holder [17].

3.5.6. Purchasing real-world barter services with
coins or tokens

Tokens are used in the real world to acquire services
or products. For instance, a movie theater chain
operating in various provinces of Turkey may issue a
token exclusively redeemable for purchasing tickets at
its  theaters.  Criminals can convert their
cryptocurrencies into tokens and use them to purchase
services (e.g., UBER rides, movie theater tickets) and
products. If the clearing service provider maintains
records, there is a high likelihood of detecting and
apprehending criminals. Additionally, criminals may
collaborate with a barter service provider and purchase
a product worth 0.01 BTC for 1 BTC, thereby
laundering their money. In certain cases, they might
engage in larger-scale money laundering by acquiring
a service that is unlikely to occur for 10 BTC.
Moreover, during these transactions, they can easily
conduct illicit activities by establishing a company or
charity organization on paper to present a legitimate
front.

3.5.7. Using cryptocurrency mixers

Cryptocurrency  mixing involves  aggregating
cryptocurrencies from different users and transferring
the funds to the designated accounts of the sending
users at specific intervals [18].

Wallet 1

Wallet 2

Figure 4. Coin mixer

While some cryptocurrency mixers trade at user-
specified times (such as setting the outputs to be made
24 h after the login), some trade after reaching a
certain number of entries or after the time required for
the next round has eclapsed. For example, Wasabi
Wallet, one of the most used mixers in the world,
makes one round when the number of entries is 100 or
every 1 h (Figure.5).

Figure 5. Wasabi Wallet Application

Also, mixers with a significant number of users are
less likely to be identified as guilty, as some mixers
operate on the principle of torrents. In other words,
they circulate funds between their own accounts
before sending them to the destination address. This
method makes it nearly impossible to trace the
criminal.

Cryptocurrency mixers can sometimes take the form
of a wallet, while other times smart contracts can be
designed as mixers [19]. Networks that do not support
smart contracts, such as the Bitcoin network, employ
bitcoin wallets as mixers. Users who wish to avoid
tracking download mixer wallets and transfer their
cryptocurrencies from their own wallets to these mixer
wallets, where the funds from different users
accumulate in a single wallet [20]. Websites like
unijoin.io, coinomize.biz, and yomix.io provide coin
mixing services and allow users to specify when the
mixed cryptocurrencies will exit the mixer [21, 22,
23].

When transferring cryptocurrencies to a mixer wallet,
users can choose which wallets the outputs will be
sent to and the duration before the outputs are sent.
During the login process, a user can send their crypto
funds to the mixer in a single transaction and set the
outputs to be sent to six different wallets. Moreover,
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the execution times of these transactions can vary,
making it quite challenging to predict which output
corresponds to which input value.

In networks that support smart contracts, such as the
Ethereum network, smart contracts can also function
as cryptocurrency mixers. Smart contracts designed in
these networks can act as wallets, hold funds, send
funds to other addresses, and most importantly, they
are decentralized [24]. Therefore, organizations or
groups can create a coin mixer using smart contracts,
simultaneously send funds to the smart contract, and
forward the outputs to different accounts.

IV. SCENARIO AND DETECTION
APPROACHES FOR MONITORING
COIN MIXERS

Criminals using coin mixers do not always send the
coins they input into the mixer to specific output
accounts. In additionally, they have the option to
stagger the transfers of the requested funds to the
specified output accounts. For example, a user
wanting to launder money may transfer a portion of
the funds two hours after the initial transaction, and
the remaining amount after 72 h. The higher the
number and volume of transactions in a mixer per unit
of time, the lower the probability of leaving a trace.
However, in mixers with very few transactions,
suspicious outputs can be traced.

4.1. The Reliability of Cryptocurrency Mixers
For a cryptocurrency mixer to be considered reliable,
it must be decentralized and have a large user base.

Decentralization: Security is paramount for a coin
mixer, and decentralization is a crucial aspect. Mixers
managed by a central system require users to trust an
institution or individual, which is not preferred. With
transactions managed from a central location, security
forces can easily access the obtained records. In short,
decentralization is the most important factor for
ensuring the safety of a coin mixer.

Number of Users: Another important factor is the
number of users using the coin mixer. The anonymity
of transactions carried out in a coin mixer is directly
proportional to the number of users. Therefore, the
more people using a mixer, the more difficult it
becomes to track transactions.

4.2. Tracking Scenarios for Cryptocurrency Mixers
One consideration in monitoring mixer processes is
the ratio of inputs to outputs. If the number of inputs is
high and the number of outputs is lower than the
number of inputs, the number of accounts to be
tracked will decrease.

20 BTC
35BTC

10BTC

10 BTC 15 BTC

10 BTC 10 BTC

10 BTC

Figure 6. Too many inputs, too few outputs Coin
Mixer

As seen in Figure 6, the total number of BTC
transferred to the mixer is 60 and the total number of
BTC released is 60. When the scenario in Figure 6 is
examined, if the person being followed is the owner of
the account that transfers 20 BTC and there are three
transactions as output, 15 BTC, 10 BTC and 35 BTC,
there are different partners working together with the
person being tracked. This account should also be
followed, as it will result that other accounts
transferring to the mixer are associated with this
person.

Junction checkinputC io(tra Inputs, outputTy

if transferredinputs.length > 0 and outputTrans

ions.length < transfe

dinputs.length:
return true

else:
return false

If all of the criminal's wallets are being tracked and
there are transactions from the criminal's wallets
among the entries into the mixer, all the criminal's
wallets should be considered as one wallet.

10BTC 10 BTC

10 BTC 10 BTC

10BTC

10BTC

10 BTC 10 BTC

10 BTC 10 BTC

Figure 7. Scenario where suspicious wallets enter the
Coin Mixer

As shown in Figure 7, cryptocurrencies from different
accounts entering the mixer, which works simply,
should be treated as one transaction, and it should be
known that all three transactions exiting the mixer are
accounts associated with this account. If a mixer takes
a set of inputs that will increase its average daily
trading volume, the outputs of these inputs are likely
to be noticed. This is somewhat similar to the fact that
the larger and more ostentatious parent duck is easily
distinguished from the baby ducks.

function identifyHighVolumeTransaction(inputTransactions, outputTransactions, dailyTradingVolume):
Jfor transaction in outputTransactions:
if transaction.value > dailyTradingVolume:
i = findA. i
if associatedInput is not None:
associateTr i iated| tre ction)

inputTre ctions)

In this pseudocode, inputTransactions represents the
list of input transactions entering the mixer,
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outputTransactions represents the list of output

transactions exiting the mixer, and
dailyTradingVolume represents the average daily
trading volume. The function

identifyHighVolumeTransaction iterates over each
output transaction. If the value of the transaction is
greater than the daily trading volume, it indicates a
high-volume transaction. The function then attempts
to find the associated input transaction for the high-
volume output transaction by calling the
findAssociatedInput function. If an associated input
transaction is found, the associateTransactions
function is called to associate the input and output
transactions.

&
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Figure 8. Transaction volume and visibility

As shown in Figure 8, there are no essential features
that distinguish baby ducks from each other. If a
person says that one of the baby ducks is guilty, it is
difficult to guess which baby is guilty. But if he says
that the culprit is the biggest and most developed duck
(parent duck), it is very easy to determine which he
means. The throughput in the mixers was just like in
this example. On the other hand, in a scenario where a
criminal steal 500 BTC and keeps it all in one wallet.
There are two possible scenarios if this criminal wants
to use a mixer to avoid being tracked:

In the First Option; After distributing all the money in
your wallet to different wallets, transferring them to
the mixer and increasing the number of entries,
reducing the likelihood of being tracked. This option
is also divided into two.

A. The partial outflow of money that is entered in
parts.

[
8
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100 BTC 100 BTC

100 BTC 2 BTC

50 BTC
12 BTC

0.5 BTC
50 BTC

12 BTC
0.5 BTC
2BTC
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50 BTC
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Figure 9. Segmented Entry and Segmented Exit
scenario

In a scenario visualized in Figure 9, if the total value
of the transfers in the black box is 500 BTC and it
belong to the criminal being tracked, the sum of the
inputs excluding the inputs made by the criminal can
be calculated as 4.5 BTC. When we look at the output
values, it is necessary to focus on values greater than
64.5 BTC or 50 BTC. In Figure 9, the suspect has
provided 5 inputs of 100 BTC, and there are 4
transactions of 100 BTC as output. In this case, it can
be thought that the criminal extracted a transfer with a
value of 100 BTC by dividing it out. When examined
carefully, there is one 50 BTC transaction as the input
value, while there are 3 50 BTC transactions in the
output values. That is, it can be said that the criminal
split the 100 BTC input into two 50 BTC. One of the
important points here is that it is certain that the
outputs of 100 BTC belong to the criminal and these
transactions should be followed.

Sfunction trackSplitTransactions(totalTransferValue, inputs, outputs):

= filterCrimi

c uts
sumOfExcl = calculateSumOfE;

for transaction in outputs:
if transaction.value > (totalTransferValue
iateTransactionWithCriminal,

- sumOfExcls
ion)

In this pseudocode, totalTransferValue represents the
total value of transfers in the black box, inputs
represent the list of input transactions, and outputs
represents the list of output transactions. The function
trackSplitTransactions first filters out the inputs made
by the criminal wusing the filterCriminallnputs
function. It then calculates the sum of the inputs
excluded from  the  criminal wusing  the
calculateSumOfExcludedInputs function.

B. The money that is entered piecemeal comes out in
less pieces or in one piece.
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Figure 10. Partial entry, mass exit scenario

As can be seen in Figure 10, the 5 accounts of the
criminal that were followed provided 100 BTC input
to the mixer. Looking at the output values, there is an
eye-catching 400 BTC transaction. On the other hand,
there is a high probability that the person who ordered
this action is the aforementioned criminal. If attention
is paid, it will be understood that the total value of the
inputs does not match the total value of the outputs.
So, it is likely that the said criminal will extract the
remaining BTCs at a different time.

function trackMi: hedl utputs(inputs, outputs):
totallnputValue = calculateTotallnputValue(inputs)

totalOutputValue = calculateTotalOutputValue(outputs)

if totallnputValue != totalOutputValue:

ialR: ini Value - totalOutputValue

i ialR Value, inputs)

Value =

identify Potenti iningT:

In this pseudocode, inputs represent the list of input
transactions, and outputs represent the list of output

transactions. The function
trackMismatchedInputsOutputs first calculates the
total  value of the inputs using the

calculateTotallnputValue function and the total value
of the outputs using the calculateTotalOutputValue
function.

Next, the function checks if the total input value is
different from the total output value. If they do not
match, it suggests mismatched inputs and outputs
situation. The function then calculates the potential
remaining value by subtracting the total output value
from the total input wvalue. It calls the
identifyPotentialRemainingTransactions function to
identify any transactions that may be associated with
the remaining value.

In the Second Option; It is to transfer all the money in
the wallet to the mixer in one go. This option is also
divided into two.

A. Collective outflow of money that is entered
collective.

55 -
ks

Figure 11. Batch Entry Mass Exit Scenario

In the scenario in Figure 11, the criminal made 500
BTC entries. When the values coming out of the mixer
are examined, an; outflow of 500 BTC has been
observed. This 500 BTC output is probably the
aforementioned culprit.

Sfunction trackTotallnputOutput(inputValue, outputValue):

if inputValue == outputValue:
identifiedCriminal = true
markAsCriminal(identifiedCriminal)

In this pseudocode, inputValue represents the total
value of the inputs made by the criminal, and
outputValue represents the total value of the outputs
observed from the mixer. The  function
trackTotallnputOutput compares the input and output
values. If they are equal, it indicates that the total
input and output values match, suggesting that the
identified criminal is associated with the 500 BTC

output. The function then marks the identified
criminal using the markAsCriminal function.

B. Partial outflow of money that is entered
collectively.

%
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Figure 12. Batch Entry Split Exit scenario

In the scenario in Figure 12, the aforementioned
criminal has transferred 500 BTC, and the outputs of
any round after the transfer are shown in the image. If
we look at the outputs, there are three (100 BTC, 200
BTC, 110 BTC) values that are much more than
normal output values. Looking at these available data,
it can be said that the aforementioned criminal has a
high probability of transferring 310 BTC of 500 BTC
in this round. The accounts to which these outputs are
transferred and the next transactions of those accounts
should be followed.
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function analyzeOutputs(outputs):
for each output in outputs:
if output > normalOutputThreshold:
identifiedCriminal = true
transferValue = output
markAsCriminal(identi
break

riminal, transferValue

In this pseudocode, outputs represent the list of output
values observed in the scenario.
normalOutputThreshold is a threshold value that
determines what is considered a normal output value.
The function analyzeOutputs iterates over each output
value and checks if it exceeds the normal output
threshold. If an output value is higher than the
threshold, it indicates a suspicious transaction. The
function then marks the identified criminal using the
markAsCriminal function and stores the transfer value
for further analysis.

V. SAMPLE APPLICATION FOR
TRACKING CRYPTOCURRENCY
TRANSACTIONS

In open blockchain networks, the transaction
performed by the account is clearly recorded in the
ledger, so it is not known to whom the transactions
occurred [25].

EYsLockeyPHER [ - | a
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Ve Trarsacted 047823999 |

Figure 13. Two transactions that occurred in the
Litecoin block [26].

As shown in the example in Figure 13, it can be easily
understood by looking at the ledger which outputs are
from which account and when the outputs occurred.
This provides an advantage in terms of forensic
computing. If a cryptocurrency wallet/transaction is to
be tracked in a forensic investigation, only
information provided by an explorer should not be
trusted. To avoid any doubt, transactions on more than
one explorer must be followed and the information
obtained from the explorers must be compared. If the
case is an important case such as a terrorism case, the
wallet ledger in question should be downloaded and
research should be done on that ledger.
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Figure 14. Screenshot taken from etherscan.io [27]

Figure 15. Screenshot taken from Blockchain.com
(28]

When the screenshots taken from Etherscan.io shown
in Figure 14 and the screenshots taken from
Blockchain.com shown in Figure 15 of the same
transaction are examined; It is seen that both contain
the same information for the same transaction value
(hash value). This confirms the value of the
transaction in question and between which accounts it
took place.

5.1. Ways to Follow for Suspicious Accounts

There are two ways for a suspected cryptocurrency
wallet to be tracked by the digital forensic
investigator, downloading the Coin ledger and
obtaining information from third-party sites.

A. Downloading the Coin Ledger.

This method is quite difficult. Because after the
notebook is downloaded, an explorer is also needed to
navigate on that notebook. In addition, even if the
explorer is written, if the tracked wallet has made too
many transactions and there are complex transactions
that cannot be examined manually, another tool should
be written to determine the relationship between the
accounts that perform these transactions. Also, since
the blockchain  technology wused by every
cryptocurrency is not the same, these transactions
need to be repeated for every cryptocurrency.

B. Collecting Information Using Third Party Sites
Like Maltego.

If the followed account has made too many
transactions, it is very tedious and time consuming to
manually track these transactions and link the
accounts where the transactions occurred. For such
cases, the use of information-gathering tools such as
Maltego eases the processing load of the reviewer.
Before starting the process in Maltego, the add-on to
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be monitored must be installed. Related add-ons can
be listed by clicking on the “Cryptocurrency” category
in the Add-ons section. In the example in this study, it
was continued with the Tatum plugin made by
Maltego himself. Other options are also available. For
example, the Blockchain.info (Bitcoin) plugin pulls
data from Blockchain.com.

T T 2 e

Figure 16. The Screenshot of Maltego homepage [29]

After the selection is made and the plugin is installed,
a new review page should open.

Figure 17. Wallet/transaction tracking screen-1 [29]

The “Bitcoin Address” option on the left side of the
page that opens should be selected and the address to
be followed should be entered here. The resulting
shape should be right-clicked with the mouse and the
Tatum Blockchain Explorer option should be selected
in the pop-up menu.

Wem e @ W

Figure 18. Wallet/transaction tracking screen-2 [29]

A choice must be made among the options that appear,
according to the purpose of the examiner. For
example, "To Input Address" option should be
selected if it is desired to determine from which wallet
the funds transferred to the said wallet come from.
This option only finds transactions from other wallets.

But the "To Input Transaction" option reflects UTXO
inputs and normal transactions.

Figure 19. Wallet/transaction tracking screen-3 [29]

An image of the selection screen is shown in Figure
19. Controls can be provided on wallets by making
relevant selections on this screen.

Figure 20. “To Input Address” Window [29]

As shown in Figure 20, after selecting the "To Input
Address" option, it can be clearly seen that 11 wallets
have been transferred to the address we have followed.
The same process can be applied to a user who send
money. Thus, the number of suspicious wallets can be
increased.

1F1tAazSx1HUXrCNLbtMDgcw6Eo5 GNnd.

bclgsfmBex7Ifnjh39neknrwS2k5tmg. 1Ez695nzzmePmZX3WpEzMKTrcBF2gpN.

Figure 21. Applying the “To Input Address” option to
other addresses [29]

Figure 21 shows the screenshot showing that money
transfers made to the address are also clearly visible
because of applying the "To Input Address" option to
other addresses. One of the points that should not be
forgotten here is “time”. As these outputs are all
transactions so far, follow-up needs to be done
considering the time of the crime.

VI. CONCLUSIONS

Using blockchain technology, cryptocurrencies have
become significant financial instruments for criminal
and terrorist organizations, enabling them to pursue
their objectives through their decentralized structure,
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peer- to- peer processing, and user anonymity.
Undoubtedly, as digital transformation unfolds
rapidly, crimes have transitioned into virtual realms,
leading to the development of numerous unique
money laundering methods in the criminal world.
However, these crimes cannot escape the untraceable
methods brought forth by the digital age. While
criminals continue to employ methods and platforms
to conceal their activities, law enforcement agencies
are determined to combat these activities.
Consequently, states, intelligence organizations, and
law enforcement units must systematically understand
existing systems and expose criminal methods.

This study highlights blockchain-based methods in the
context of money laundering. It discusses the methods
and steps digital investigators should follow when
monitoring cryptocurrency wallets, transactions, and
money laundering techniques implemented using
blockchain-based systems. One of these methods,
namely the use of mixers to hide money trails, is
examined through the creation of various scenarios.

While the proposed solutions presented in this study
are applicable to mixers with a low volume of
transactions and straightforward operational logic,
theit process becomes more complex in specific
mixers with several transactions, making it
challenging to distinguish the targeted criminal from

other wusers. Nevertheless, considering that the
blockchain system can contribute to detecting
criminals within this intricate and anonymous

structure, this study is a significant step toward
preventing crimes.

Furthermore, an exemplary application is provided for
digital forensic experts and law enforcement officers,
outlining the initial steps required to trace such illicit
funds. The application proposes an approach for
detecting money transfers through manual analysis of
transaction ledgers and subsequent analysis using
third-party applications.

While crypto-based methods are complex, this study
delves into essential clues for tracking illicit funds,
which can be invaluable for investigating illicit
financial activities. It is anticipated that this study will
contribute to the literature and support law
enforcement efforts by shedding light on the topics
discussed and inspiring new perspectives.

REFERENCES

[1] M. Milutinovi¢, “Cryptocurrency Tt - Kpunto
Banyre,” Ekonomika, vol. 64, no. 1, pp. 105—
122, (2018), doi: 10.5937/ekonomikal801105m.

[2] Naqvi, Syed. “Challenges of Cryptocurrencies
Forensics: A Case Study of Investigating,
Evidencing and  Prosecuting  Organised
Cybercriminals.”  Proceedings of the 13th

295

International  Conference on
Reliability  and  Security
10.1145/3230833.3233290.

[3] “Bitcoin open source implementation of P2P
currency - P2pP Foundation.”
http://p2pfoundation.ning.com/forum/topics/bitco
in-open-source (accessed May 30, 2022).

[4] “Biiyik Kripto Para Birimi Dolandiriciligl.”
https://www.forbes.com/sites/jayadkisson/2018/1
1/20/the-great-cryptocurrency-
scam/?sh=4b68b2cf359f (accessed May 29,
2022).

[5] ONS, “Overview of fraud and computer misuse
statistics for England and Wales,” pp. 1-21, 2018,
[Online]. Available:
https://www.ons.gov.uk/peoplepopulationandcom
munity/crimeandjustice/articles/overviewoffrauda
ndcomputermisusestatisticsforenglandandwales/2
018-01-25.

[6] E. Fletcher, C. Larkin, and S. Corbet, “Countering
money laundering and terrorist financing: A case
for bitcoin regulation,” Research in International
Business and Finance, 2021, doi:
10.1016/j.ribaf.2021.101387.

[7]1 M. Freeman, “The sources of terrorist financing:
Theory and typology,” Stud. Confl. Terror.,
2011, doi: 10.1080/1057610X.2011.571193.

[8] T. A. Hulme, “The ethical and legal aspects of
blockchain technology and cryptoassets,” in
Batten-Corbet-Lucey Handbooks in Alternative
Investments, 2020, 10.1515/9783110660807-008.

[9] M. Frowis, T. Gottschalk, B. Haslhofer, C.

Availability,
(2018),  doi:

Riickert, and P. Pesch, “Safeguarding the
evidential value of forensic cryptocurrency
investigations,”  Forensic Sci. Int. Digit.
Investig., vol. 33, 2020, doi:

10.1016/j.sidi.2019.200902.

[10]V. Vesely and M. Zadnik, “How to detect
cryptocurrency miners? By traffic forensics!,”
Digit. Investig., 2019, doi:
10.1016/j.diin.2019.08.002.

[11]M. Weber et al., “Anti-Money Laundering in

Bitcoin: Experimenting with Graph
Convolutional ~ Networks  for  Financial
Forensics,” Jul. 2019, doi:

10.48550/arxiv.1908.02591.

[12] G. Tziakouris, “Cryptocurrencies - A forensic
challenge or opportunity for law enforcement? An
INTERPOL vperspective,” IEEE Secur. Priv.,
2018, doi: 10.1109/MSP.2018.3111243.

[13]“Money laundering in Australia
AUSTRAC.”
https://www.austrac.gov.au/business/how-
comply-guidance-and-resources/guidance-

2011 |



Int. ). Adv. Eng. Pure Sci. 2023, 35(3): 285-296

Investigation of Cryptocurrency — Centered Money Laundering

resources/money-laundering-australia-2011
(accessed Jul. 04, 2022).

[14] K. Singh and P. Best, “Anti-Money Laundering:
Using data visualization to identify suspicious
activity,” Int. J. Account. Inf. Syst., 2019, doi:
10.1016/j.accinf.2019.06.001.

[15] “Blockchain.com | Login.”
https://login.bnockchain.com/#/login?product=wa
llet (accessed Jul. 05, 2022).

[16] M. Brewczynska, “Financial Intelligence Units:
Reflections on the applicable data protection legal
framework,” Comput. Law Secur. Rev., 2021,
doi: 10.1016/j.¢clsr.2021.105612.

[17] “Kara Para Aklamayr Onleme (AML) Nedir? |
Binance Academy.”
https://academy.binance.com/tr/articles/what-is-
anti-money-laundering-aml (accessed Jul. 05,
2022).

[18] Bonneau, J., Narayanan, A., Miller, A., Clark, J.,
Kroll, J. A., &#38; Felten, E. W., Mixcoin:
Anonymity for Bitcoin with accountable mixes
doi: 10.1007/978-3-662-45472-5 31 (2014).

[19] Wang, Z., Chaliasos, S., Qin, K., Zhou, L., Gao,
L., Berrang, P., Livshits, B.; Gervais, A. (2023).
On How Zero-Knowledge Proof Blockchain
Mixers Improve, and Worsen User Privacy.
Proceedings of the ACM Web Conference 2023,
2022-2032.
https://doi.org/10.1145/3543507.3583217

[20] Wu, L., Hu, Y., Zhou, Y., Wang, H., Luo, X.,
Wang, Z., Zhang, F., &#38; Ren, K. (2021).
Towards understanding and demystifying bitcoin
mixing services. The Web Conference 2021 -
World Wide Web Conference, WWW 2021, 33—
44. https://doi.org/10.1145/3442381.3449880

[21] UniJoin, Retrieved May 21, 2023,
https://unijoin.io/en/coinjoin/btc

[22] Coinomize.biz - Start Mixing - Bitcoin Mixer |
Bitcoin Blender. Retrieved May 21, 2023, from
https://coinomize.biz/start-mixing

[23] Bitcoin Mixer — YoMix.IO. (n.d.). Retrieved
May 21, 2023, from https://yomix.io/en/bitcoin-
mixer-blender

[24]Su Liu and Jian Wang. DMC: Decentralized
Mixer with Channel for Transaction Privacy

from

296

Protection on Ethereum; 2nd International
Conference on Machine Learning Techniques

and NLP (MLNLP 2021).
https://doi.org/10.5121/csit.2021.111412
[25] Gupta S., Sadoghi M. (2021). Blockchain

Transaction Processing. Encyclopedia of Big
Data Technologies, 366-376.
https://doi.org/10.1007/978-3-319-77525-8 333

[26] “BlockCypher - Blockchain Web Hizmetleri.”
https://www.blockcypher.com/ (accessed Jul. 13,
2022).

[27] “Ethereum (ETH) Blok Zinciri Gezgini.”
https://etherscan.io/ (accessed Jul. 13, 2022).

[28] “Blockchain.com | Bitcoin, Ethereum ve daha

fazlasini giivenle satin alm.”
https://www.blockchain.com/ (accessed Jul. 13,
2022).

[29] “Main Page - Maltego.”

https://www.maltego.com/ (accessed May. 21,
2022).

[30] Chung, Heewon, Kyoohyung Han, Chanyang Ju,
Myungsun Kim, and Jae Hong Seo.
"Bulletproofs+: Shorter Proofs for Privacy-
Enhanced Distributed Ledger." Cryptology ePrint

Archive, Paper  2020/735, 2020. doi:
10.1109/ACCESS.2022.3167806.

[31] Blockchain Explorer - MoneroHash. (n.d.).
Retrieved May 24, 2023, from

https://monerohash.com/explorer/tx/ble814aed40
bf79a2b652753edca346d15bac90ee4d363c25b9¢
0d915a82430f (accessed May. 21, 2022).

[32] Hakkimizda - NakitCoins. Retrieved July 1, 2023,
from https://nakitcoins.com/hakkimizda.

[33] Exchange BTC - Bitcoin exchange network -
FlyingAtom. Retrieved July 1, 2023, from
https://flyingatom.com/en/exchange-bitcoin/.

[34] Motsi-Omoijiade, 1. D. (2018). Financial
Intermediation in Cryptocurrency Markets —
Regulation, Gaps and Bridges. Handbook of
Blockchain, Digital Finance, and Inclusion,
Volume 1: Cryptocurrency, FinTech, InsurTech,
and Regulation, 207-223.
https://doi.org/10.1016/B978-0-12-810441-
5.00009-9


https://eprint.iacr.org/2020/735.
https://eprint.iacr.org/2020/735.
https://monerohash.com/explorer/tx/b1e814aed40bf79a2b652753edca346d15bae90ee4d363c25b9c0d915a82430f
https://monerohash.com/explorer/tx/b1e814aed40bf79a2b652753edca346d15bae90ee4d363c25b9c0d915a82430f
https://monerohash.com/explorer/tx/b1e814aed40bf79a2b652753edca346d15bae90ee4d363c25b9c0d915a82430f

Int. ). Adv. Eng. Pure Sci. 2023, 35(3): 297-31 |
DOI: 10.7240/jeps.1234574

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Creating City Based Zoning Plans with Game Theory Approach, Example
of 1000 Plans

Selim TASKAYA!

!Artvin Coruh University, Department of Architecture and Urban Planning, 08000, Artvin, Tiirkiye

Abstract

Zoning plans are the formation of rules that will regulate all kinds of needs of a group of people living on a certain piece of
land. While the plans are being formed, they are in a flow from the development plans to the latest implementation plans in
the hierarchy from the top to the bottom scale. Subsequently, a zoning application is made in the area determined depending
on the population density. In this application, various zoning parameters are formed in accordance with a certain rule. It
meets the needs of people by creating a subject, trade, official institution or many social reinforcement areas. It is created for
this purpose in plans of 1000 called applications. It is created by making use of approaches such as game theory. Game
theory is the task of determining the best strategy within the framework of the rules in an application that is considered a
certain game. In planning, it will be possible to determine the formation of the best housing, commercial or social facilities
and the determination of development areas with area-based correlation within the planning rules, with game theory. As a
game theory element, it was tried to explain how to create the best open application development plan with the integral
function of population, population growth amount, area-based surface area amounts according to plan definitions. The study
area was about how to examine the parts of an application or revised zoning plan with game theory based on the city-based
Elaz1g.

Keywords: City Development plan, Game Theory, 1000's plan, Plan Elements, Use of Defined Integral.

Oz

Imar planlar1 belli bir kara parcasi iizerinde yasayan insan grubunun her tiirlii ihtiyacin diizenleyecek kurallarin
olusumudur. Planlar olusurken iistten alt 6l¢ege dogru olan hiyerarside kalkinma planlarindan en son uygulama
planlarina kadar bir akis i¢erisindedir. Bundan miitevellit niifus yogunluguna bagli olarak belirlenen alanda imar
uygulamasi yapilir. Bu uygulamada ¢esitli imar parametreleri belli bir kural biitiiniinde hareketle olusur. Konut,
ticaret, resmi kurum ya da birgok sosyal donati alan1 meydana getirilerek insanlarin gereksinimini karsilar.
Uygulama denilen 1000’lik planlarda bu amagla olusturulur. Olusturulurken oyun teorisi gibi yaklasimlardan
yararlanilarak meydana getirilir. Oyun teorisi, belli bir oyun olarak degerlendirilen bir uygulamada kurallar
cergevesinde en iyi stratejiyi belirleme isidir. Planlama da ise plancilik kurallar1 igerisinde alan bazli korelasyon
ile en iyi konut, ticari ya da sosyal donatilarin olusumu, gelisim alanlarinin tayinini belirlemek oyun teorisi ile
miimkiin olacaktir. Oyun teorisi 6ge olarak niifus, niifus artis miktari, plan tanimlarina goére alan bazli yiiz 6l¢iim
miktarlar1 taniml integral fonksiyonu ile en iyi gelisime agik uygulama imar plani nasil olusacagi agiklanmaya
calisildi. Caligma alan1 sehir bazli olarak Elazig kapsaminda baz alinarak oyun teorisi ile bir uygulama ya da
revize imar plam1 kisimlarinin nasil irdelenecegi hakkinda olmustur.

Anahtar Kelimeler: Sehir imar plani, Oyun Teorisi, 1000°lik plan, Plan Ogeleri, Taniml1 Integral Kullanima.

I. INTRODUCTION
Zoning plans are generally the arrangements that enable the functional use of a certain land, make evaluations in
terms of population, and help to take steps for a regular and healthy urbanization in the future. Although the
zoning plans are made specific to a certain land, in fact, a model is drawn from a land for the whole city to be
healthy and prosperous [1-2]. The basis of the zoning activities carried out within the framework of the Zoning
Law is the preparation of the zoning plan and the implementation of this plan within a specific program.
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Regular urbanization of a region, benefiting from
infrastructure and superstructure services in a healthy
way, bringing it to livable standards in accordance
with contemporary needs, first of all, make it
necessary to prepare, put into effect and implement a
zoning plan and program for the region [3]. Settlement
areas, the behavior of the people living there and the
relations of people with these areas should be
regulated and controlled. It is in the nature of man to
settle in a place and own an immovable in that place.
The issues mentioned here are also human rights. The
right to live comes first among the rights related to
settling in a place [4].

In addition to the right to live, on the inhabited area of
the person; use and move freely, acquire, make
changes and save [5-4]. The implementation of the
zoning plan is the whole of the methods that ensure
that the property texture, for which new usage
decisions are made with the zoning plan, is adapted to

legal rules and plans. The zoning regulations and the
hierarchy of plans related to it have directly or
indirectly affected the zoning movements [8-9].
Although the concept of planning can be evaluated
with different approaches, its general meaning is; It
refers to a goal to be reached at the last stage and the
process to be followed for this purpose [9]. Investment
concerns in the construction and real estate sectors,
which are in direct interaction with the economic
structure of the country, are directly related to the
spatial plans and the rent areas revealed by these
plans. While determining investment areas in business
development processes, each investor tries to develop
land with some concerns such as how feasible the
investment will be and how suitable the market is for
this investment [10-9]. Plan revision and change both
apply to plan types at all scales. Many planning works
that should be handled within the scope of plan
revision are implemented as plan changes [11-12].
According to the planning hierarchy, revisions and
changes may come to the fore for the spatial strategy
plan, environmental plan, master zoning plan and
implementation zoning plans. The most frequent plan
changes are on the implementation zoning plans. In
the table, it has been determined that there are no big
differences between the two regulations. However, it
is noteworthy that the phrase "obligatory by the public
interest" in the definitions section of the zoning plan
change in the Regulation on the Principles of Plan
Making has been changed to the phrase "for public
benefit" in the Spatial Plans Construction Regulation.
It can be said that this change of expression will cause
an increase in the number of changes in the zoning
plan [12].

When plan-making regulations and plan-making
techniques are examined, the techniques, display
languages, levels of detail, etc. used within the
framework of comprehensive planning understanding
while preparing the upper-scale plans and lower-scale

the zoning plan and all kinds of urbanization activities
are carried out. However, zoning practices are the
basic implementation tools in terms of ensuring the
formation of modern and livable healthy cities, and
they are processes that are carried out based on the
methods whose boundaries are specified in accordance
with the laws and regulations [4].

Urban Transformation is conceptually defined as the
demolition of unlicensed buildings that do not comply
with the city's zoning plan, and the creation of
collective settlement areas in accordance with the
plans [6-4]. It has been defined as all the actions taken
to create housing, trade, culture, tourism and social
reinforcement areas, to take precautions against
natural disaster risks, to renew and preserve the
historical and cultural texture of the city and to use it
by keeping it alive [7-4]. Zoning regulations have
been established for the development of the
constructed buildings within the framework of certain

plans prepared in our country. It is seen that they are
made as physical plan documents that are identical
with  their features [13-14]. Pedestrianization
applications have been made in big city centers. With
the construction activities in the city centers, historical
and cultural values were destroyed and as a result of
the increase in density, green and social infrastructures
were also insufficient. Buildings in housing areas have
started to be built by cooperatives and have been
realized. Social housing policies were developed, but
the problems in fund transfers were not sufficient to
meet the continuity and demand. As a solution, mass
housing production has been included in development
plans [15-16]. Despite the participation of the state
(initiative), mass housing practices were generally
carried out by private and local governments [17-16].
Zoning plans are the most important tools that
organize urbanization. The functions determined by
the zoning plans are to ensure that the citizens of the
city have a more organized living space and to control
the future growth and development of the city with a
certain mechanism. According to the planning
hierarchy, 1/100,000 scaled Environmental Plan,
1/5000 scale master plan and 1/1000 scale
implementation development plans are made and
decisions are made on how and for what purpose the
lands will be used, and areas such as housing,
commerce, industry, agriculture and forest are
determined. The legal and constitutional basis of
zoning plans is the concept of superior public interest.
They are documents that balance individual interests
with the general interests of the people, hence
individual interests. It is a social consensus document
that balances short-term common benefits and long-
term goals, prevents injustices, foresees the problems
that may arise, puts physical, geographical, cultural
and economic orientations, prohibitions, and
determines possibilities [18]. Urban planning, on the
other hand, is a public service that prioritizes the
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benefit of society in order to provide a safe and
sustainable living space to the society it hosts, takes a
role in the physical development of cities by

II. THEORETICAL FRAMEWORK
AND SCOPE
Planning, with a general definition, includes

producing the land use decisions made to determine
the usage patterns, capacities and location choices of
the functions in the space. Here, planning is defined as
the preparation of systematic programs for the future
in order to achieve the desired goals [20-21]. These
are the applications made in order to ensure that the
immovable properties of the immovable owners are
made in accordance with the zoning plan without
waiting for the actions to be taken by the relevant
administrations in the event that the implementing
administrations are late in making the lands of the
immovable owners comply with the usage decisions
specified in the zoning plan. However, in case of
different usage decisions with the new zoning plan in
the previous subdivision plans, or in cases where the
immovables in the subdivision plan need to be divided
into smaller pieces and the parcels in small pieces
should be combined, applications are made upon the
request of the immovable owners [4]. border
correction; In case there is a border between two
parcels that affects the use of the parcel, it is the
correction process carried out with the consent of the
parcel owners, provided that the parcel areas do not
change. For example, in cases such as the presence of
a parcel boundary that makes it difficult to place a
building on a parcel with an unfavorable border, or the
building appearing as encroaching on the application
sketch, the parcel boundaries can be resolved by
mutual agreement of the immovable owners. In
parcels that need border correction, it is essential that
the parcel areas do not change after the correction
process [22-4]. The allotment process, after the real
estate registered on a separate page of the land
registry, is divided into two or more parts, upon the
request of the relevant person, in accordance with
Articles 15 and 16 of the Zoning Law No. recording it
on a separate log page under a separate parcel number
[23-4].

Expropriation is one of the tools used in the
implementation of zoning plans [24-4]. Road, park,
playground, school, hospital, etc. shown in the zoning
plan. The ownership of the lands on which the public
use or facilities to serve the public will be built may be
in the hands of private individuals. In order to perform
public services in these places, the ownership of these
places must first be transferred to the relevant public
institutions. The process of transferring the right of
use of the property to the public without seeking the
consent of the owners is called expropriation [25-4].
During the preparation of the plans, some ordinary or

considering all needs, is interested in directing the
formation of the city, and seeks solutions to problems
[19].

extraordinary factors such as unpredictable population
movements, socio-economic changes, and increasing
social needs may require changing the zoning plans
[26-9]. The definition of the master zoning plan, the
general principles of the regional plans, if any, and the
environmental plans, if any, on the existing maps,
again with the cadastral status of the plots, if any; It is
a plan that is a whole with the plan provisions and the
report, which is prepared to show the general usage
patterns, the development, direction and size of the
settlement areas, population densities and thresholds,
transportation systems and to prepare the application
development plans [2]. However, each city has its own
economic and political history, in which it forms
unique administrative arrangements among its
political forces. It is an important mechanism of
change in the city in the local governments involved in
the implementation process, as well as the planning
policies followed [27-28]. In the zoning plans, it is
clearly stated how many floors the island and the
parcel on the island are allowed to be built. Since the
building permits have to be prepared in accordance
with the zoning plans, the building should not exceed
the number of floors in the zoning plan [29]. These
interventions could not solve the structural problems
in the spatial planning system. In this process, both the
number of upper-scale plans and their relations were
redefined. However, the interaction structure required
by strategic approach, coordination, continuity and
planning has not yet been established in planning
practice at the current stage [30]. The preparation and
creation of a real project data in distribution and
parcellation problems in zoning applications is a very
complex process that takes a very long time. It is very
difficult to prepare the actual project data as the
creation of cadastral islands, parcels and zoning
islands, obtaining the location and area data of all the
islands and parcels, and generating the land owner
data are performed manually by an expert. Because all
these data must be fully compatible in terms of area,
location and owner. In addition, in a real project area,
irregularly shaped islands and parcels can often be
found, and cadastral and zoning islands can be in very
different regions. In other words, cadastral and zoning
areas generally do not overlap. In addition, the areas
of the owners can often be very different from each
other. While one owner can have a very small area,
the other can have a very large area [31]. In urban
renewal practices, unlike urban renewal, the
participation of the public in the changes to be made
in the city and the transformation of the urban space is
considered, and it is planned to restructure the region
in accordance with the lifestyle of the users living in
the renewal region [32-33]. In the project-based
system, plans are developed as a political but fair and
non-binding public strategy. Plans determine some
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framework rules in public and private project
implementations in order to realize public and private
projects that will contribute to government strategies
[34-35]. The hierarchy principle, which is the basis of

III. MATERIAL AND METHOD

Game Theory is a method of determining the most
correct strategy against each other in the face of
mutually conflicting possibilities by combining two or
more opponents under certain rules [37-38]. Game
theory is a technique that deals with the process of two
or more players interacting with other players in a
scarce resource environment. In this application,
individuals are called decision makers and they aim to
gain profit. The player must aim to gain a certain
profit by considering the preferences of other
individuals in the game. The determinant of earnings;
are the decisions of other players with whom the
player interacts. Decision makers are interdependent
and either engage in conflict or cooperate to achieve
the highest gains. In game theory, every decision
made has a cost and every decision affects the
opponent's decision, so every action in this process is
interdependent [38-39]. Another important concept of
game theory is strategy. Strategy is the set of decisions
that specify the preferences of the players for all
situations that may arise from the beginning to the end
of the game. The aim in strategy is to obtain the most
appropriate value gain. For this, passive and dominant

P1

PO

P2

o1 02 01

P2 P

the regulatory planning system, is overcome by the
horizontal and vertical appropriateness principle in the
project-based system [36-35].

strategic ways can be tried. The number of strategies
in a game can be finite or infinite [40-38]. Game
Theory assumptions; There are a finite number of
players and their strategies, each player knows all
possible strategies for both himself and his opponent,
but the players do not know which of these strategies
their opponent will use. Whatever strategy the players
choose, each has a limited loss or gain. The gains or
losses of the players depend on their own decisions as
well as the decisions of their opponents. All possible
actions or strategies to be played must be calculable in
the same unit of measure. In addition, the most
important assumption in game theory is that the
individual behaves rationally and acts rationally for
the most profitable situation [41-38]. Any social
relationship is a game in game theory terminology.
Each decision maker has partial control over the
outcomes, ie. the players decide under
interdependence. The aim of mathematical game
theory is to determine the strategy necessary to
rationally protect the interests of the players through
formal reasoning and to enable them to decide

knowingly what outcome they will achieve when they
do this [42].

PO

P2

02 01 02 04 O3 04

Figure 1. Game Tree Representation Under Uncertainty [43-42].

In strategic thinking it is important both to anticipate
what other players will do and to know what other
players know. Since the movements are simultaneous
in static games, the players cannot obtain information
by observing each other. But in ranked games, what

they know is key. In dynamic games, unlike static
games, the second player knows by observing how the
first player moves before him [42].
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N = {1, ..., n} Let be the set of players and 2 N’ be
the family of subsets of N'. If,

Ysean x(s)e’ = eV Q)

If x: 2 N\{@} — R+ transformation is called balanced
transformation. Here, S is the characteristic vector for
the coalition,

es—{ 1,ies

i =10,ieN\s (2) olarak tanimlanir [44].

04
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M =MD (3) [45),
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A game theoretical model; players have four basic
elements, which can be summarized as the options
available, the consequences of those choices, and the
benefit of each outcome to the player. The ability of
the examined model to produce a specific solution to
the question sought within the scope of the research
depends on the complete and systematic consideration
of these parameters in the model [46-47].
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Figure 2. Game theory diagram of formation of 1000! development plan

Game theory provides a theoretical framework that
includes a set of concepts and terminology to describe
interaction. Within this structure are the players, the
possible strategies of each player, the payoffs that
result from the strategy combinations, and the
sequence of actions. Second, game theory can predict
the consequences of competitive situations and
identify the most appropriate strategies [48-49]. Game
theory and conflict management strategies involve the
interaction of the parties from each other and the
decisions they make dependent on each other.
Therefore, the evaluations of the parties, both for
themselves and for others, are important when
interacting [49].

IV.THE CONNECTION BETWEEN
IMPLEMENTATION ZONING PLAN
AND GAME THEORY

The most important point in game theory is to have
the stones, that is, the items that will provide you with

the advantage of moves that will make you win the
game or lead you to win, and to bring this power to the
end that will end the game in your favor. When we
consider the game theory logic as one of the best
design methods to use in the design process according
to the planning phase, the most important element in
planning will be the population, population growth
rate and the area-based ratio falling according to this
speed will be our stones in establishing the game,
which is called the most important cornerstone.

With the addition of a certain amount of fixed
population to the population increase of at least 10
years or more in the current year, the person-based
area area we have is taken as at least below the so-
called minimum range, and then the maximum range
in the area surface measurement rate that will fall on
the population found with the fixed population amount
in addition to the increasing population rate. When it
is determined as a definite integral, an increase in
urbanization rates will occur. This brings a different
perspective to planning as a game.
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With the long-term area-based rates to be released, the
current total application zoning area surface
measurement will be determined within the total
zoning boundaries that will coincide with the best plan
year.

(a, b) defined for the continuous f(x)
function fba f(x)dx = F(x) + ¢ (4) as a result of the

definite integral, a is taken as the amount in hectares
equivalent to the population difference to be obtained
from the population difference [50], b the lower limit
will be the cornerstones of the game as the rate per
current population, and the data in X is the amount of
increase as a result of the ratios that will correspond to
the data in the current used plan. it will give the new
ratios of the implementation plan to be prepared and

L ]

the total amount of surface measurement within the
boundaries of the zoning plan to be increased.

V. FINDINGS AND DISCUSSION

While the 1/1000 application development plans,
which show how areas such as housing development
islands, commercial, educational, health, religious
facilities, social cultural, green areas, and parks, which
are the main parameters in city planning, are created
on the basis of population projection, it is based on the
basic relationship, that is, its correlation, with the area
where the population will live. These numbers are
tried to be calculated.

[E1RESE

LA R AR

M P AR

Figure 3. Location of Elazig City in Turkey [51].

In Figure 3., after explaining in the upper paragraph
how a zoning plan should be made with game theory,
the current zoning plan of Elaz1§ Province, which is
one of the 81 cities in our country, and an average

implementation zoning plan that will meet the need
between 25-30 years can be given as an example. This
is the representation of the game theory and plan
making over the city and where it is as a location.

Table 1. Population Change in Elaz1g City [51].

2012 2013 2014 2015 2016 2017 2018 2019 2020
Tiirkiye 75.627.384 76.667.864 77.695.904 78.841.871 79.814.871 80.810.525 82.003.882 83.1549.77 83.614.362
Elaz1g 562.703 568.239 568.753 574.304 578.789 585.256 595.638 591.098 587.960
Centre 406.300 398.108 412.220 424.870 431.294 437.951 421.726 439.687 440.513
district
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In Table 1, the population amounts determined from
the address-based registration system from 2012 to
2020 of the city of Elazig, which is considered as a
pilot city, are shown. When looked at, it turns out that
the 9-year population increase until 2020 is around 7
thousand on average. This 7 thousand population
growth rate will be calculated on a yearly basis with
the addition of 25 thousand to a city with an average

capacity of this capacity, in the part expressed as a
fixed amount of ¢ [50], in the indefinite integrals,
according to situations such as migration to the city or
an unexpected increase in the population in the event
of a disaster in the surrounding provinces. The
proportions of all zoning island parameters according
to the population in the zoning plan will be formed in
this context.

Table 2. Projected population in current 2014 and 2040

Available (2014) 2040

Population ~ Area (ha)  Density Population Total settlement Density Development
(Person) (person/ha) (Person) area (ha) (person/ha) area
351.504 3.9 90 1.000.000 9.726 102 5.826

In Table 2, it is seen that the current zoning plan
corresponds to 351.504 people and a 3.9 hectare usage
area, with 25 thousand constant additions depending
on the average population increase of 7 thousand, 26
years after the current zoning plan in force, the
population will correspond to 1 million people

compared to 2040. It is seen that it will cover an area
of 9,726 hectares by calculating an increase of 600
thousand people, and the increased surface area will
correspond to an area of 5,826 hectares. The per capita
rate will increase by 12 bands.

Figure 4. Map of Suitability for Settlement [51].

38 1/5000 scale K42-D- 10-A, K42-D-13-A, K42-D-
15-A, K42-C-01-D, K42-D-03-C, K42 covering the
borders -D-08-C, K42-D-10-B, K42-D-13-B, K42-D-
15-B, K42-C-06-A, K42-D-04-C, K42-D -08-D, K42-
D-10-C, K42-D- 13-C, K42-D-15-C, K42-C-06-B,
K42-D-04-D, K42-D-09 -A, K42-D-10-D, K42-D-13-
D, K42-D-15-D, K42-C-06-C, K42-D-05-C, K42-D-
09-B , K42-D-12-A, K42-D-12-B, K42-D-14-A, K42-
D-17-A, K42-C-06-D, K42-D-05-D, K42 -D-09-C,
K42-D-12-C, K42-D-12-D, K42-D-14-B, K42-D-17-
B, K42-C-11-A, K42-D It is a geological/geotechnical

study based on the 1/5000 and 1/1000 scaled zoning
plan of the area with an area of approximately 13 365
ha, which is on the border of the 416 1/1000 scaled
maps with the number -08-B, K42-D-09-D, It has
been prepared for the purpose of obtaining the
geological and geotechnical data of the studied area
and evaluating the suitability for settlement in the light
of these data. In the mapping of the city, when the area
is large, it is shown that all objects on the land will be
processed according to the layout system and how
many and which layouts this area will correspond to.
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Table 3. Distribution and rates of uses in the planning area according to areas [S1].

Elazig (Center) Implementation zoning plan area use distribution

Domain name Area (ha) Ratio (%)

Housing areas

Housing area (0.30 precautions) 511.86 4.65
Housing area (0.60 precautions) 279.61 2.54
Housing area (0.80 precautions) 41.15 0.38
Housing area (0.90 precautions) 25.80 0.23
Housing area (1.00 precautions) 11.63 0.11
Housing area (1.20 precautions) 317.30 2.89
Housing area (1.30 precautions) 28.20 0.26
Housing area (1.50 precautions) 1777.35 16.01
Housing area (1.60 precautions) 6.98 0.06
Housing area (1.75 precautions) 1.31 0.01
Housing area (1.80 precautions) 5.04 0.05
Housing area (1.85 precautions) 0.99 0.01
Housing area (2.00 precautions) 20.03 0.19
Housing area (2.15 precautions) 0.78 0.01
Housing area (2.34 precautions) 1.09 0.01
Housing area (2.35 precautions) 1.43 0.02
Housing area (2.40 precautions) 158.45 1.45
Housing area (2.50 precautions) 0.83 0.01
Housing area (2.65 precautions) 0.42 0.01
Housing area (2.70 precautions) 2.23 0.02
Housing area (2.80 precautions) 0.39 0.01
Housing area (3.00 precautions) 1.06 0.01
Housing area (3.20 precautions) 52.18 0.49
Housing area (4.00 precautions) 46.53 0.43
Housing area (4.80 precautions) 34.07 0.32
Urban work areas
Tick area (2.40 precedent) 74.89 0.69
Tick area (2.00 precedent) 98.27 0.90
Tick area (1.50 precedent) 188.39 1.73
Tick area (1.85 precedent) 29.11 0.28
Tick (other) 28.32 0.27
Tick area (block 12 floor) 47,47 0.55
Tick area (block 10 floor) 41.20 0.41
Tick area (block 8 floor) 6.90 0.06
Tick area (adjust 8 floor) 41.08 0.37
Trading area 1.80 0.02
Trade-1 area 5.36 0.06
Trade -2 area 50.12 0.47
Trade -3 area 100.80 0.93
Collective workplaces 5.00 0.05
Wholesale trading area 8.23 0.07
Municipal service area 43.28 0.40
Official institutional area 316.16 2.88
Fuel and service station area 13.12 0.12
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Logistics facility area 77.50 0.71
Industrial facility area 14.41 0.14
Small Industrial area 38.48 0.36
Storage area 15.51 0.14
Marketplace 11.80 0.11
Military area 295.02 2.69
Conserved areas that will continue to continue today’s land use
Forest area 398.7 3.62
Agricultural areas 75.05 0.69
Tourism areas
Hotel area 10.21 0.09
Educational facilities areas
Kindergarten areas 6.98 0.06
Primary school 114.30 1.05
Middle school area 92.53 0.81
High school area 9.31 0.08
Special education fields 3.76 0.03
Public education center 22.60 0.21
Vocational and technical training facility areas 1.66 0.02
Higher education facility areas 971.23 8,85
Health facilities area
Health facility area 89.01 0.82
Social and cultural facilities areas
Indoor sports facility area 56.58 0.52
Cultural facility area 66.08 0.62
Worship areas
Mosque 50.78 0.48
Open and green areas
Garden 831.13 7.58
Fairground 2.50 0.02
Square 3.89 0.03
Property place 30.98 0.28
Recreation areas 75.47 0.70
Areas to be forested 855.35 7.79
Cemetery areas 78.67 0.72
Technical infrastructure areas
Transformer area 1.20 0.01
Technical infrastructure area 1.35 0.01
Water, wastewater and waste systems
Water surface 51.46 0.47
Waste water plant 8.11 0.07
Transportation
Roads 2142.21 19.19
Car park 1.18 0.01
Intermediate station 55.54 0.51
Terminal 18.34 0.18
Total 11000.00 100

In Table 3., the area and proportions of all the legends
of the implementation zoning plans included in the

currently used zoning plan of the city of Elazig are
shown.
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1.000.000- 400.000=600.000 (5), when the population
increase amount and the 3.9 hectare zoning area are
expressed as the area that can respond to the
population that will be expanded by the 9.72 hectares
of zoning;

All values in Table 4 will be determined by
calculating within the scope of the basic binary stone
of the game, area and ratio.

The first zoning parameter in Table 3., the rate of
housing area with a precedent of 0.30,

f39_§72(4-65)x12 (6), it will be seen that the

determination of other residential areas from this
formula will correspond to an area ratio of 20.12 in the
form of a total expression.

It will be calculated that the total housing area in 2040
will be 2269.78 hectares as a result of 20.12 ratio total
housing development area found according to 2040,
subtracting from the total housing area in 2014 and
adding the amount obtained as a result of multiplying
11000 hectares in 2014 to the total old housing area.

Let's show the game theory analysis over the health
field from the data in Table 3.

f3().§72(0-82)x12 (7) from here, 0.80 is the ratio of

health facility areas in the current zoning plan in 2014,
9.72 is the ratio to be formed according to 1 million
population in 2040, 3.9 is the ratio used today and the
ratio of 3.9 people to 351 thousand population will be
90, the ratio of 9.72 people according to 1 million
people. If it is calculated that it corresponds to 102,
when the dx value from 102 -90=12 (7) is taken into
account, the value of 1.75, which is the new health
facility area ratio in 2040, will be found.

In other words, in two demonstrations, it is shown
how the game elements will be processed with a
mathematical approach and used as a move in the
formation of a new application development plan area.
Generally,

f; f(x)dx (8) from, the values of all zoning
parameters are found.

Table 4. Elaz1g City 1000 usage area and distribution

Elazi1g(Center) 1/1000 scale application zoning plan area use

Correlation

between 2014 and

Domain name Area (m?) Area (ha) Ratio (%) 2040
Housing areas
Residential area 12231135.87 1223.11 10.84 9.7
f (4.65)x12
39
Development Housing areas 22697764.11 2269.78 20.12 a
ff(2014x) * dx
b
Urban works area
Trading area 1890492.27 189.05 1.68 a
ff(2014x) * dx
b
Commerce- Housing areas (Tick) 6098006.19 609.80 5.41 a
ff(2014x) * dx
b
Trade-Tourism area (Tict) 13524.05 1.35 0.01 a
ff(2014x) * dx
b
Wholesale trading area 4313.80 0.43 0.004 a
ff(2014x) * dx
b
Municipal service area 491699.53 49.17 0.44 a
ff(2014x) * dx
b
Official institutional area 2996392.45 299.64 2.66 a
ff(2014x) * dx
b
Storage area 54182.72 5.42 0.05 ¢
ff(2014x) * dx
b
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Military area

Marketplace area

Industrial area

Small Industrial area

Logistics facility area

Fuel delivery service station area

2950371.27

115700.73

346390.70

333229.22

775003.26

151009.64

Areas to be protected by continuing today’s land use

Agricultural areas

Forest area

1st grade archaeological site

Health protection tape

Hotel area

Kindergarten areas

Primary school
Middle school area
High school area
Public education center
Special education fields

Field of education areas

Vocational and technical training facility area

Health facility area

Family health center

Mosque

2115252.97

1901351.21

Areas to be protected
31154.33

35882.87

Tourism areas
8419.01

Education facilities areas

178753.76

1424871.12
1246426.77
505747.01
426008.69
59087.00
8840571.74
103030.21
Health facilities area
1979569.32

5399.17
Worship areas
814630.77
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295.04

11.57

34.64

33.32

77.50

15.10

211.53

190.14

3.12

3.59

0.84

17.88

142.49
124.64
50.57
42.60
5.91
884.06
10.30

197.96

0.54

81.46

2.62

0.10

0.31

0.30

0.69

0.13

1.87

1.69

0.03

0.03

0.01

0.16

1.26
1.10
0.45
0.38
0.05
7.84
0.09

1.75

0.005

0.72

ff(2014x) * dx
b
ff(2014x) * dx
b
ff(2014x) * dx
b
ff(2014x) * dx
b
ff(2014x) * dx
b

ff(2014x) * dx
b

9.7
f (0.69)x12
3.9

9.7
f (3.62)x12
39

ff(2014x) * dx
b

ff(2014x) * dx
b
ff(2014x) * dx
b

ff(2014x) * dx
b

ff(2014x) * dx
b

ff(2014x) * dx
b
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Social and Cultural facility area

Social-Cultural facility area 1049056.06 104.91 0.93 ¢
ff(2014x) * dx
b
Nursery, day house 14812.74 1.48 0.01
Indoor sports facility area 271779.56 27.18 0.24
Open sports facility area 325684.12 32.57 0.29
Open and green areas
Garden 9299790.31 929.98 8.24 ¢
ff(2014x) * dx
b
Passive green arca 2567.44 0.26 0.002
Kids garden and playground 6663.84 0.67 0.01
Property place 309833.72 30.98 0.27
Area to be aforered 4761194.96 476.12 4.22
Recreation area 860892.32 86.09 0.76
Fair, Fair and festival area 62916.74 6.29 0.06
Cemetery area 810731.61 81.07 0.72
National garden 216813.23 21.68 0.19
Square 45641.98 4.56 0.04
Disaster dangerous areas
Building prohibited area 2646.45 0.26 0.002 ¢
ff(2014x) * dx
b
Water, waste water and waste plants
Water surface 547531.27 54.75 0.49 a
ff(2014x) * dx
b
Wastewater surface areas 81050.70 8.11 0.07
Technical infrastructure areas 108194.08 10.82 0.10
Transportation
General parking area 7605.38 0.76 0.01 ¢
ff(2014x) * dx
b
Terminal (master gar) 187060.71 18.71 0.17
Intermediate station 554973.75 55.50 0.49
Roads 22440427.16 2244.04 19.89
Energy generation, distribution and storage
Transformer 23957.44 2.40 0.02 4
ff(2014x) * dx
b
Total 112817197.33 11281.72 100.00

In Table 4., the amount of new land that will
correspond to the population during the planning
construction process as an integral part of the area and
ratio pair as an instrument used as a result of the ratio
values of all implementation zoning parameters in
2014, is shown.

VI. CONCLUSION AND RECOMMENDATION

Implementation zoning plans are the product of the
planning process to be prepared according to certain

criteria, which are created in a way to meet the needs
of the people and creatures living on that area at
certain intervals in both cities or districts. As it can be
done with various approaches, when the best approach
is taken as a criterion, plans should be produced as a
goal that will continue for many years at a level that
will meet all needs. In the planning process,
calculations can be made to correspond to different
projection approaches. In the study, calculations were
made based on game theory, which can be applied in
studies different from artificial intelligence.
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It was based on a ratio to the departure axis of the
population, and as a result of taking the planning
process at 25-30 years as a long-term basis, the
population projection for 2040 was taken as a basis,
and the increase of the city in a pilot region of 600
thousand was handled on the 26 year axis.

e Based on the number of people who will go
from 400 thousand to 1 million,

e The area/person ratio was calculated to
increase from 90 to 102 according to the
population base equivalent,

e Considering the basic equation of definite
integral game theory, the plan was produced
by calculating that the area of 11000 hectares
addressing the total population in 2014 would
correspond to an area of 11281 hectares at
the end of 26 years.

It has been shown in the study how the main planning
axis at the 1/1000 level should be calculated on the
basis of population projection with game theory and
how it can be used in the field of city and planning.
Our suggestion is stated how area-based planning can
be calculated without complexity to meet the needs
with this method.
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Ozetleme Mekanizmasi Kullanilarak Bilgi Cizgesine Yeni Eklentiler

Novel Extensions to the Knowledge Graph Using the Hashing Mechanism
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Oz

Bilginin dogasina iliskin, onu sekillendiren ¢ok gesitli unsurlar bulunmaktadir. Ornegin giivenirlik, tutarlilik, degismezlik ve
baglam gibi mekanizmalar bunlarin basinda gelir. Ancak s6z konusu mekanizmalarin bilgi ¢izgesinde temsil edilmesi
olduk¢a yaygin bir problemdir. Calismamizda bu problemin ¢6ziimiine katkida bulunmak amaciyla, bilginin karmasik
dogasina iliskin giiven, tutarlilik, degismezlik ve baglam gibi temel mekanizmalar, hashing teknolojisi kullanilarak bilgi
cizgesine entegre edilmistir. Caligmamizda bu eklentiler, bilgi ¢izgesinden ayri tutularak, yapilarin islevselliklerinin
bozulmamasi saglanmistir. Gelistirdigimiz eklentiler sayesinde bir bilgi degistiginde onu etkileyen tiim bilgilerin otomatik
giincellenmesi, belirsizlik, bilgiler arasinda siralama yapilamamasi, bazi bilgilerin degismez olarak tutulamamasi ve bilgiler
arasinda hizli bir karsilagtirmanin yapilamamasi gibi yaygimn bilgi cizgesi problemleri, 6rnek senaryolar iizerinden test
edilerek ¢odziime kavusturulmustur. Calismamizin, bilgi ¢izgesinin iyilestirilmesine yonelik literatiire ve bilgi ¢izgesini
kullanan yapay zeka yazilimlarinin gelistirilmesine katki sunmasi beklenmektedir.

Anahtar Kelimeler: Bilgi ¢izgesi, hashing, yapay zeka, yazilim mithendisligi, bilgi temsili

Abstract

There are various elements related to the nature of knowledge that shape it. For example, mechanisms such as reliability,
consistency, invariance and context are among the main ones. However, representing these mechanisms in the knowledge
graph is a common problem. In our work, in order to contribute to the solution of this problem, basic mechanisms related to
the complex nature of information such as trust, consistency, immutability and context are integrated into the knowledge
graph using hashing technology. In our work, these plugins are kept separate from the knowledge graph so that the
functionality of the structures is not impaired. Thanks to the plugins we developed, common knowledge graph problems such
as automatic updating of all the information that affects a piece of information when it changes, ambiguity, inability to sort
information, inability to keep some information immutable, and inability to make a quick comparison between information
are tested and solved through example scenarios. Our work is expected to contribute to the literature on knowledge graph
improvement and to the development of artificial intelligence software that utilizes knowledge graphs.

Keywords: Knowledge graph, hashing, artificial intelligence, software engineering, knowledge representation

I. GIRIS

Cok eski zamanlardan beri, bilgiyi edinmek, bilgiyi saklamak ve yonetmek insanligin temel hedeflerinden biri
olmustur. Giintimiizde gelisen teknolojiler sayesinde, bilgi ¢ok hizli bir sekilde ¢ogalmaktadir. Dolayisiyla
bilgiyi islemek, ¢ikarsamak ve kullanmak zorlasmaktadir. Bu problemlerin ¢ogu, bilginin nasil temsil edildigi ile
ilintilidir. Bilgi temsilinde en yaygin kullanilan yontemlerden biri, bilgi ¢izgesidir.

Bilgi ¢izgeleri, son on yilda yapay zekada 6nemli bir alan olarak dne ¢ikmustir [31]. Bir bilgi ¢izgesini basitge,
bir ¢esit semantige sahip, yonlendirilmis, etiketlenmis, ¢oklu iligkisel bir ¢izge olarak tanimlamak miimkiindiir
[19]. Anlamsal ag olarak da bilinen bir bilgi ¢izgesi, ger¢ek diinya varliklarinin ve iliskilerinin ¢izge ile temsilini
ifade eder; nesneler, olaylar, durumlar veya kavramlar ve bunlar arasindaki iliskiyi gosterir. Bilgi ¢izgesi, bilgiyi
saklamak ve bilgiden ¢ikarsamalar yapabilmek i¢in 6nemli bir aragtir.

Son yillarda, bilgi ¢izgeleri ¢ok ¢esitli alanlarda farkli amaglar i¢in yaygin olarak uygulanmakta ve buna paralel
sekilde c¢ok cesitli alanlarla entegrasyonuna dair incelemeler bulunmaktadir. Bu incelemeler arasinda dijital
haber platformlarinda haber iiretimi, dagitimi ve tiiketimine yonelik anlamsal bilgi ¢izgelerinin olusturulmasi
[28], biiyiik bilgi ¢izgelerinin olusturulmasinda, heterojen bilgi kaynaklarinin entegrasyonu ve Yapay Zeka (YZ)
sistemlerinin daha agiklanabilir ve yorumlanabilir olmas1 [31], imalat ve iiretim alaninda bilgi ¢izgesinin
uygulanmasi, bilgi ¢izgesinde muhakeme teknolojileri [7], Anlamsal Web [32], makine 6grenimi, kural tabanli
ogrenme ve dogal dil isleme aragc ve yaklagimlarin1 uygulama [40] ve istatistiksel
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modellerin biiyiik bilgi grafikleri {izerinde nasil
egitilebilecegi ve diinya hakkinda yeni gercekleri
tahmin etmek igin nasil kullanilabilecegi [25] gibi ¢ok
cesitli konular yer almaktadir.

Bilgi ¢izgesi, yapay zeka alaninda bilgiyi saklamak
icin cok elverigli bir ara¢ olsa da hangi alanda
kullanilirsa kullanilsin bilgi c¢izgesine yonelik bazi
onemli gereksinimler ve eksiklikler bulunmaktadir. Bu
eksiklikleri, bir bilgi degistiginde onu etkileyen tiim
bilgilerin otomatik giincellenmesi sorunu, bilgiler
arasinda siralama yapilamamasi, bazi bilgilerin
degismez olarak tutulamamasi ve bilgiler arasinda
hizli bir karsilasgtirmanin yapilamamasi seklinde
ozetlemek miimkiindiir [19, 38, 27]. Calismamizda,
s0z konusu problemlerin ¢dziimiine katkida bulunmak

amactyla bilgi c¢izgesine giivenirlik, tutarlilik,
degismezlik ve baglam mekanizmalar1 entegre
edilmistir.  Basit olmasi, uygulanmasi icin bilgi

cizgesine cok fazla miidahale gerektirmemesi ve
yaklagik bir miidahale ile giincelleme, degismezlik,
siralama ve karsilastirma gibi temel problemleri

¢Ozebilmesi dolayisiyla, bu eklentilerin
gelistirilmesinde hashing mekanizmasindan
yararlanilmistir.

Bilgi ¢izgesinin her zaman tutarli olmasi Snemlidir
[23]. Herhangi bir bilginin degismesi durumda bu
tutarlilik kaybolabilir. Tutarliligin yeniden saglanmasi
icin, degigen bilgiye baglh biitlin bilgilerin degismesi
gerekmektedir. Ciinkii, bir bilgiyi destekleyen
unsurlarda olusabilecek bir degisiklik, zincirleme bir
etkiyle, o bilginin destekledigi tim unsurlarin
gercekligini  sorgulanir  hale  getirir.  Bilginin
degisiminde tutarliligi saglamak agisindan zaman
faktorii onem tasir [37]. Ayrica bilginin stirekli tutarl
bir sekilde tutulmasi, karmagikligin azaltilmasin
saglar [21]. Klasik bilgi yapisi, degisen bilgiyi neden-
sonu¢ ve c¢ikarsama ile bulabilir. Fakat bu gibi
yontemlerin, herhangi bir damgalama ve takip 6zelligi
olmadig1 i¢in, karmasiktir ve degigmesi gereken
bilginin gbzden kacirilabilmesine yol acabilir. Ayrica,
bu c¢ikarsamanin  global olmasi  durumunda,
performans problemi olusacaktir, lokal oldugunda ise
degisimi yakalayamayacagi igin, tutarsiz  bilgi
donecektir. Ayni zamanda, hatali bilginin ¢ikarilmasi,

yeni bilginin eklenmesi veya var olan bilginin
degistirilmesinde  ciddi  performans  kayiplari
olusmaktadir.

Bilgi ¢izgesi ile ilgili diger bir gereksinim ise bilgiler
arasi  siralamanin  saglanabilmesidir  [30]. Bu
gereksinimin saglanabilmesi i¢in ¢alismamizda, bilgi
cizgesine giivenilirlik mekanizmasi entegre edilmistir.
Buna gore bir bilgiyi destekleyen ne kadar fazla
giivenilir unsur varsa, o bilgi o kadar giivenilir kabul
edilir. Tam tersi durumda ise, s6z konusu bilgi siipheli
olarak yorumlanir. Bdylece bilgiler arasinda siralama
miimkiin hale gelir.

Bilgi ¢izgesinde diger bir gereklilik iki bilginin
karsilagtirillmasidir.  [42, 17]. Bu karsilagtirma
isleminin ¢ok hizli bir sekilde yapilabilmesi dnemlidir.
Caligmamizda bilgi ¢izgesine entegre ettigimiz ve
baglam admi verdigimiz hash mekanizmasi
aracilifiyla, O(1) zamanda iki bilginin 6zdesligi tespit
edilebilmektedir. Baglam, bir bilginin baglamlarina
bakilarak o bilgiye ait belirsizligin giderilmesini
saglar. Ornegin Jaguar hem bir hayvan hem de bir
programlama dilini ifade eder. Bir bilgi ¢izgesinde

bunlardan hangisinin ifade edildigine ydnelik
belirsizlik, gelistirdigimiz baglam eklentisi sayesinde,
onu olusturan bilgilerin karsilastirilmasiyla

giderilebilmektedir.

Bilgi cizgesine dair bir diger 6nemli unsur, bilginin
degisemez olabilmesidir [6, 4]. Ornegin bir kitab1 satin
alan ya da okuyan kisiler degisebilirken, kitabin adinin
ve yazarinin degismez olmast gerekir. Yani bilgide,
degisebilen unsurlar oldugu gibi, degismeyen unsurlar
da bulunmaktadir.

Calisgma kapsaminda gelistirilen eklentilere neden
ihtiyag duyulabilecegini bir &rnek ile agiklamak
gerekirse, bir sistemde O6rnegin A, B’yi etkilesin, B,
C’yi etkilesin, C de D’yi etkilesin. Bu durumda A’da
meydana  gelebilecek  bir  degisiklik  aninda
giincellenmezse, mantiksal ¢ikarim yapilmak istenen
bir durumda sonuglar yanlis ¢ikacaktir. Dolayisiyla
birbirine etki eden degerlerin aninda giincellenmesi

kritik Onem tagimaktadir. Bu giincellenmenin
basarilabilmesi igin hash mekanizmasindan
yararlanilmigtir.  Hash ~ mekanizmasi  sayesinde

herhangi bir degisik durumunda, lokal olarak bu
degisikligin aninda fark edilmesi, tespit edilebilmesi
ve bdylece giincellenmesi saglanabilmektedir.

Onerdigimiz eklentide tutarhihk ile ilgili olarak,
bilginin degistigi anda isaretlenmesi ve arka planda
istenildigi zaman c¢alisacak sekilde iliskili bilgilerin
giincellenmesi  saglanmistir.  Bilginin  degisemez
olmasini saglayabilmek adma calismada,
degistirilemez ve degistirilebilir verileri saklayacak bir
yap1 olusturulmustur. Calismada, bilginin glivenirligi
ile ilgili olarak, sistemde bir bilgi siralamasi
gelistirilmistir. Baglam ile ilgili olarak, o6zetleme
fonksiyonu sayesinde var olan baglamlar igin essiz
hash degerleri verilmesi saglanmistir. Boylece iki
bilginin farkli baglamlar1 arasinda herhangi bir
eslesme saglandiginda, hizli bir sekilde aym
baglamlara sahip olduklari anlasilabilmektedir.

Calismada sirastyla konuyla ilgili arastirmalara yer
verilmis ve ardindan oOnerilen eklentilerin yontemi
aciklanmigtir. Daha sonra, eklentiler ayrintili sekilde
aciklanmis, sonrasinda avantaj ve dezavantajlar
ortaya konmustur.
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I1. ILGILI CALISMALAR

Bilgi cizgesinin konu edildigi ¢ok genis bir literatiir
mevcuttur. Konuyla ilgili 6ncelikle pek ¢ok inceleme
makalesi bulunmaktadir [8, 5, 9, 16, 12].

Literatiirde, bilgi c¢izgesinde tutarlilik odakli ¢esitli
aragtirmalar bulunmaktadir. Bu ¢alismalar igerisinde
en fazla etki uyandiran eski bir arastirmada, bir agdaki
kisitlamalar {iizerine iki yeni tamamlayict ozellik
geligtirilmistir [39]. Yazarlar, bu o&zelliklerin geri
izleme aramasindan oOnce agm On islemden
gecirilmesinin  faydali olup olmayacagma karar
vermek i¢in kullanilabilecegini 6ne siirer. Farkli bir
arastirmada ise tutarlilik kontrolii i¢in kullanilan

araglarin, Gen Ontolojisi’ndeki (GO)  kiigiik
tutarsizliklar1 ve temsilindeki fazlaliklar1 azaltma
firsat1 sagladigi tespit etmistir [44]. Diger bir

calismada ise inang degisimini ifade etmek icin genel,
tutarhilik tabanli bir cerceve sunulmustur [13]. Bu
cerceve ile gilincelleme ve silme gibi diger inang
degisikligi islemleri de ifade edilebilmektedir. Farkli
bir arastirmada, olasiliksal bilgi tabanlarindaki
tutarsizlik miktarini belirlemeyi amaglayan bir 6l¢iim
parametresi gelistirilmistir [22]. Calismada
tutarsizligin  Ol¢lilmesi, bilgi tabanini tutarli hale
getirmek i¢in gerekli olan ifadelerin kesinlik
derecelerinde (yani bu makalede olasiliklar) minimum
ayarlamalarin dikkate alinmasiyla gerceklestirilmistir.
Farkl1 bir aragtirmada Mu, bir bilgi tabanindaki her bir
formiilin o tabanmn tutarsizligindaki sorumluluk
derecesi i¢in bir 6l¢iim dnermistir [23]. Bu 6l¢iim, bir
bilgi tabanmin minimum tutarsiz alt kiimeleri
cinsinden verilmektedir.

Konuyla ilgili daha giincel literatiire bakildiginda ise
merkezi bir problem olan tutarlilik kontroliiniin
hesaplama karmasikligi ele alan ¢alismalarin [14] yani
sira bir bilgi tabanindaki tutarsizligin dogasini daha iyi
anlamak amaciyla bilgi tabam1 ic¢in tutarsizligin
Ol¢iilmesine yonelik ¢izge tabanli bir yaklasimi igeren
[24] calismalar ile karsilasilmigtir. Farkli bir giincel
calismada ise inan¢ revizyon siirecine dair
zorluklardan yola ¢ikilmaktadir [3]. Buna gore en
onemli sorunlardan biri, dikkate alinacak K bilgi
tabaninin nasil temsil edilecegi ve yeni bilgilerin nasil
eklenecegidir. Calismada, (K E (K *))'nin ne zaman
tutarsiz oldugunu pratik bir sekilde belirlemeye olanak
taniyan algoritmik bir 6neri gelistirilmistir.

Tutarliligmn yam1 sira baglam, giivenlik ve emniyet
acisindan  kritik  alanlardaki  birgok  modern
uygulamanin merkezinde yer almaktadir. Farkli bir
aragtirmada, 0ge eslesmesi, dilbilimsel esdizim
yaklagimlar1 ve wordnet anlamsal ag mesafesi dahil
olmak ftizere dort farkli yontem kullanilarak insan
yorumlarinin ifade benzerligi belirlenmistir [36].
Baglami dahil eden yo6ntemin, vakalarin %69'unda
insan yanitlayicilarla ayn1 geometrik konfigiirasyonu
secerek test edilen dort yontem arasinda en basarili
yontem oldugu ifade edilmektedir. Bilgi cizgelerinde

baglam konulu farkli bir aragtirmada, mevcut baglam
farkindalikli sistemlerde bilgi ve baglamin resmi
olarak entegre edilmemis olmasindan yola ¢ikilarak,
baglamsal muhakemeye ulasmak icin bicimsel bir
yaklagim gelistirilmigtir [1].

Literatiirde, ¢izge teorisinde diigiimlerin siralamasi
konusunda pek ¢ok ¢aligma bulunmaktadir [33, 26, 15,
11]. Fakat bilgi ¢izgesinde siralamaya yonelik bir
arastirmaya bilebildigimiz kadariyla rastlanmamustir.
Ayn1 zamanda veri yapilart Ozelinde degismezlik
konusu sik¢a caligilmis olsa da [10, 29, 35, 2], bilgi
cizgesi Ozelinde degismezlik odakli bir ¢aligmaya
rastlanmamigtir. Buna ek olarak, bilgi ¢izgesinde
giivenirlik ve siralama odakli ¢esitli g¢alismalar
bulunsa da [34, 43, 18] bu ¢alismalar, makalemizin
konusu ile dogrudan ilintili degildir. Benzer sekilde
siirli sayida da olsa bilgi ¢izgesinde hashing [20, 41]
odakli ¢aligmalar bulunmaktadir ancak literatiirdeki
mevcut calismalarin, makalemizde gelistirdigimiz
eklentiler ile iliskisi bulunmamaktadir.

Goriilebilecegi lizere, literatlirde bilgi c¢izgesine
yonelik caligmalar, c¢ok genis bir kapsamda ele
almmistir. Genelde c¢aligmalarda, bilgi ¢izgesinin
baska alanlara entegre edilmesine odaklanilmistir.
Literatiirde  bilgi  ¢izgesinde tutarliik  odakli
calismalarda ise genellikle kompleks ¢oziimler
gelistirilmigtir. Literatiirde yer alan bilgi ¢izgesinde
baglam odakli smirli sayidaki caligmalarda ise
genellikle, bilgi cizgesinin yapisinda herhangi bir
degisiklige gidilmeden uygulama tabanli ¢dziimler
geligtirilmistir.  Caligmamizin, literatiirdeki  bilgi
gizgesinde tutarlillk ve baglam odakli mevcut
arastirmalardan farkli, s6z konusu eklentilerin hash
teknolojisi ile saglamasidir. Clinkli mevcut literatiirde,
hash  teknolojisi  kullanilarak  bilgi  ¢izgesine
degismezlik, tutarlilik, giivenirlik ve baglam gibi
eklentilerin entegre edildigi calismalara
rastlanmamigtir. Caligmamizin literatiire temel katkisi,
basit bir mekanizma ile (Hashing) bilgi ¢izgesine dort
farkli 6zelligin entegre edilebilecegini gdstermesidir.
Bu yoniiyle caligmamizin, bilginin daha iyi temsil
edilmesi ve yaratilan ¢6ziimler konusunda literatiire ve
bilgi cizgesini kullanan yapay zeka yazilimlarinin
gelistirilmesine katki sunmasi beklenmektedir.

11l. YONTEM

Calisgmamizda, var olan bir bilginin nereden geldigi,
kimler tarafindan desteklendigi, desteklenme orani,
siralama, degistirilebilir veya degistirilemez olmasi1 ve
otomatik giincelleme islemlerini gergeklestirebilmek
amacityla bilgi ¢izgesine tutarlilik, baglam, giivenilirlik
ve degismezlik mekanizmalari entegre edilmistir. Bu
eklentiler, literatiirden farkli  olarak, hashing
mekanizmast  kullanilarak  gelistirilmistir.  Bunun
nedeni, olduk¢a basit bir mekanizma olan Hashing
teknolojisinin, dort farkli  6zelligi  kolaylikla
saglayabilme imkani sunmasidir. Calismamizda, bilgi
cizgesine tutarlilik, degismezlik, gilivenilirlik ve
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baglam eklentisi saglamak i¢in “Knowledge” adini
verdigimiz bir model tasarlanmustir.

Hashing mekanizmasi sayesinde, bilgi igerisindeki
iligskilerin ve verilerin degisip degismedigini kontrol
etmek mimkiindiir. Degisip degismedigi kontrol
edilen iligkilere sabit iliski, kontrol edilmeyen
iligskilere degisken iligki denir. Diger yandan veriler
ise her zaman kontrol edildigi icin bilgi cizgesinde
sabit olarak kabul edilirler. Sekil 1’de, gelistirdigimiz
bilgi ¢izgesi genel 6zellikleriyle gosterilmistir.

Bilgi
s | : ~
Veri liski

Degisebilir sézlik
Degisemez kime

[ Degisemez sozlik J

J
damga = Hash
(sabit veriler, sabit iligkiler)
\ _
\_ W,
Sekil 1. Etiket yapisinin genel gdsterim
Bilgi ¢izgesinde degismezlik kontrolii, hash

mekanizmasi ile saglanmistir. Burada hash, degismez
iliskilerin ve verinin Ozetini ifade eder. Istenildigi
zaman hash hesaplanir ve hash kiimesine eklenir.
Gelistirdigimiz bilgi yapismmda bu islem, lock()
fonksiyonu ile gergeklestirilmektedir. Daha sonra,
bilgide herhangi bir degisiklik olup olmadigim kontrol
etmek i¢in yeni bir hash degeri hesaplanir ve hash
kiimesinin igerisindeki eski hash degerleri ile
kargilagtirilir. Bu andan sonra, bilginin iligkilerinde
veya verilerinde bir degisiklik gergeklesirse, farkli
hash  degeri  ¢ikacagindan, bilginin  degisip
degismedigi ve degismigse bulundugu pozisyon
otomatik olarak tespit edilebilir. Cikan sonuclar esitse
yapinin degistirilmedigi; sonuglar esit degilse yapinin
degistirildigi anlamma gelir. Bu islem, isLock()
fonksiyonu ile gergeklestirilmektedir. Bilginin Lock
ve islock durumunun genel yapist Sekil 2’de
gosterilmistir.

e ~

HASH ( Degisemez Veriler + Dedisemez lligkiler)

Ozet Degeri

Lock isLock

N

Ozet degerini hesaplar
ve gikan degerin 6zet
kiimesinde olup
olmadigini kontrol eder

Ozet degerini hesaplar
ve gikan degeri 6zet
kiimesine ekler

_4

Sekil 2. Lock ve Unlock durumu

Ornek hash bulma formiilii asagidaki gibidir. Burada i
degeri, n tane sabit veriden kagmcisinin ifade
edildigini gosterir. j degeri ise, m tane sabit iliskiden
kacincisimin ifade edildigini gosterir.

n m
hash(z sabit veri; +Z sabit iliski;)

=0 j=0
Formiil (1). Bilgi hash degerinin hesaplanmasi

Bir bilginin silinmesi, degistirilmesi, yaratilmasi ve
eklenmesi durumunda, ona bagli olan bilgiler,
tutarliligt korumak adina Algoritma 1 sayesinde
yeniden hesaplanarak giincellenir. Buna paralel olarak,
Algoritma 1 sayesinde, bilgi ¢izgesinde bir degisiklik
olup olmadig: tespit edilebilir. Algoritma 1 sayesinde,
diisiik karmasiklik ile degisikliklerin bilgi ¢izgesindeki
tim noktalara taginmasi saglanmaktadir. Ayrica, bilgi
cizgesinde meydana gelen degisikliklerin nerede
gergeklestigi  de  yine aym  algoritma ile
bulunabilmektedir. Algoritmada giincellemeler, bilgi
cizgesindeki degismez iliskiler lizerinden gergeklesir.
Yani degigken iliskiler hesaba katilmaz. Bu algoritma,
derinlik ilk arama, dinamik programlama ve topolojik
siralama kullanilarak gelistirilmistir.

def update(graph, parent
ck = [start_edge]

weight_cost, start_edge

update(graph, parent, w

eight_cost, start_edge)

Algoritma 1. Degisikliklerin bilgi ¢izgesinde
giincellenmesi i¢in kullanilan pseudo kod

Bilgi cizgesi c¢oklu gecisli dongiisel bir c¢izge
oldugundan, biitlin gecislerin gezilebilmesi icin
digiimlerle kenarlar yer degistirilmistir. Bdylece tiim
kenarlarin gezilebilmesi saglanmistir. Bu sayede tiim
sistem O(E) karmagikligi ile gezilmis olur. Sonug
olarak lineer bir karmasiklik ile biitiin sistem
giincellenebilmektedir. Bilgi ¢izgesinde giincelleme,
kullanicinin  verdigi derinlik parametresine gore
belirlenebilir ve bdylece kag¢ birim derinligin
giincellenebilecegi kullanici tarafindan olusturulabilir.

IV. GELISTIRILEN EKLENTILER

Bu boliimde, bilgi ¢izgesi igin gelistirdigimiz her bir
eklenti agiklanmis ve 6rnek senaryolarla test edilerek
islevsellikleri ispatlanmigtir. Boylece, gelistirdigimiz
bilgi ¢izgesi eklentilerinin ¢ok g¢esitli yazilim
stireglerinde kullanilabilir oldugu gosterilmistir.
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4.1. Degismezlik (Kontrol Edilmeyen iliskiler)
Kontrol edilmeyen iligkiyi gdstermek amaciyla,
asagida bes farkli bilgi olusturulmustur. Burada A
bilgisinin, k ve j vasitasiyla C ve B ile disa dogru
iliskisi bulunmaktadir. B, C, j, k bilgilerinin ise bu
asamada herhangi bir iliskisi yoktur. Bu bes bilgiyi
olusturmak i¢in kullanilan JSON formati asagidaki
gibidir;

k: {{'yap'}, Null, Null, Null}

j: {{'sat'}, Null, Null, Null}

B: {{'Misteri 1'}, Null, Null, Null}
C: {{'Resim 1'}, Null, Null, Null}

A: {{'Ressam'}, {k: C}, {j: B}, Null}

Yukarida gosterilen asamada, lock fonksiyonu
calistirilmamastir. Dolayistyla herhangi bir
degismezlik mekanizmasi aktive edilmemis, yani hash
degerleri girilmemis (Null) olarak gosterilecektir.
Yukaridaki JSON gdsteriminde dort tane deger
bulunmaktadir. Bunlardan ilki kontrol edilen veriler,
ikincisi kontrol edilen iligkiler, ig¢iinciisii kontrol
edilmeyen iliskiler, dordiinciisii ise hash degeridir.
Asagidaki komut ile A bilgisinin lock fonksiyonu
cagrilarak,  sistem  kilitlenmis ve  bdylece
degistirilemez ~ yapilmigtir. A bilgisinin  lock
fonksiyonunu ¢agirma komutu asagidaki gibidir:

A.lock()

Lock fonksiyonu uygulandiktan sonraki yapinin JSON
format goriiniimii asagidaki gibidir. Burada dikkat
edilmesi gereken nokta, hash degerlerinin girilmis
olmasidir. C ve k bilgileri, A bilgisine bagli oldugu
icin, A bilgisi degistirilmez hale getirildiginde, bu
bilgiler de de degistirilmez hale gelir. Ote yandan j ve
B bilgileri kontrol edilmediginden (degisken iligkiye
sahip oldugundan) dolayi, bu bilgiler sabitlenmez ve
hash degeri Null olarak kalmaya devam eder. Bu
durum, Formiil 1'de rahatlikla goriilebilir. Ayrica A
bilgisi, Formiil 1'deki hesaplama ve Algoritma 1 ile k
ve C’de bilgilerin degisip degismedigini, degigmisse
hangi bilginin degistigini tespit edebilir.

k: {{'yap'}, Null, Null, {3e4d}}

o {{'sat'}, Null, Null, Null}

B: {{'Miisteri 1'}, Null, Null, Null}

C: {{'Resim 1'}, Null, Null, {13sa}}

A: {{'Ressam'}, {k: C}, {j: B}, {12ew}}

Istendiginde, degisken iliski ile bagli yeni bir bilgi
eklenebilir ve bu durumda lock fonksiyonu ¢aligsa bile
hash degeri degismez. Bu durum tasarimsal esneklik
saglar. Ciinkii bazi iligkiler sabit iken bazilar
degiskendir. Ornegin bir eserin ressam1 sabit iken, bu
eseri satin alan miisteriler degiskendir. Bu yapiy1 bilgi
cizgesinde olusturabilmek zordur. Asagida,
kontroliinii saglamadigimiz (degisken) iliskiler degisse
bile hash degerlerinin degismedigi JSON formatinda
gosterilmistir:

k: {{'vap'}, Null, Null, {3e4d}}

j: {{’sat'}, Null, Null, Null}

B: {{'Miisteri 2'}, Null, Null, Null}

C: {{'Resim 1}, Null, Null, {13sa}}

A: {{'Ressam'}, {k: C}, {j: B}, {12ew}}

Istendiginde degismez iliskiye yeni bilgi eklenirse,
hash degerleri yeniden olusturulur ve bu yeni degerler
eski degerlerle karsilastirildiginda, yeni olusturulan
hash degerlerinin eski hash degerlerinden farkli
oldugu goriilecektir.  Burada  dikkat ¢ekmek
istedigimiz nokta, yukaridaki 6rnege yeni bir D bilgisi
eklendiginde A bilgisinin  hash  degerinin
degisecegidir. Bu durum, asagida JSON formatinda
gosterilmistir:

k: {{'vap'}, Null, Null, {3e4d}}

j: {{'sat'}, Null, Null, Null}

B: {{'Misteri 2'}, Null, Null, Null}

C: {{'Resim 1'}, Null, Null, {13sa}}

D: {{'Resim 2}, Null, Null, {12de}}

A: {{'Ressam'}, {k: C, k: D}, {j: B}, {1saw}}

Kontrol edilmeyen iliskilere yonelik cesitlilik, bilgi
cizgesinde bulunmamaktadir. Bu da tasarimsal
manipiilasyonlar1  6nemli dOl¢lide etkilemektedir.
Ornegin, j ve B degisken iliskilere sahip olmasaydi,
miigteri 1 bilgisi sistemde durmaya devam edecekti.
Ayrica herhangi bir degisiklik durumunda tim
sistemin hash degerlerinin yeniden hesaplanmasi
gerekecekti. Bunun disinda bilgi cizgesinde lock ve
isLock fonksiyonlari bulunmadig1 igin, sistem ancak
manuel sekilde sabitlenebilmekte ya da en bastan
olusturulmaktadir. Bu da ciddi zaman ve alan
kayiplarina yol agabilmektedir.

4.2. Giivenilirlik

Giiven eklentisi, bilgi ¢izgesindeki degismez
iligkilerin ~ toplamimdan meydana gelir. Giiven
mekanizmas1 bu yoniiyle, bilgilerin siralanmasini
saglar. Yani, gliven degeri yiiksek olan bilgi, daha
giivenlidir ve iist siralarda yer alir.

Geligtirilen giivenilirlik eklentisinde, bir bilginin
giivenilirligi, o bilginin sabit iligkilerinin sayisi ile
ilintilidir. Yani bir bilgi, diger bilgilerle ne kadar fazla
degistirilemez iliskiye sahipse, o kadar giivenilir kabul
edilir. Eger bir bilginin hicbir sabit iligkisi
bulunmuyorsa, o bilgiye siipheli bilgi denir. Asagidaki
ornekte higbir sabit iligkisi bulunmayan C bilgisinin
JSON formatinda gosterimine yer verilmistir. Burada
C’nin giivenilirlik degeri 0°dur.

C: {{'Resim 1}, Null, Null, {13sa}}

Asagidaki Ornekte ise birden fazla sabit iligkisi
bulunan Z bilgisinin JSON formatinda gosterimine yer
verilmistir. Burada Z’nin giivenilirlik degeri 2’dir.
Giivenilirlik agisindan kullanicinin derinlik
parametresi girmesi durumunda, hesaplamalar s6z
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konusu derinlige kadar yapilir. Ornegin Z nin derinlik
parametresi 1 verilirse, gilivenilirlik degeri de 1
¢ikacaktir. Bu 6zellik, zaman ve mekan karmagikligini
onemli 6l¢iide azaltmak amaciyla gelistirilmistir.

k: {{'yap'}, Null, Null, {3e4d}}

j: {{'kullan'}, Null, Null, {2d5S}}

I: {{’sat'}, Null, Null, Null}

M: {{Miisteri 3'}, Null, Null, Null}

X: {{'Boya’}, Null, Null, {23ft}}

Y: {{'Resim'}, {j: X}, Null, {feSa}}

Z: {{'Ressam'}, {k: Y}, {I: M}, {des3}}

Bilgi cizgesinde, gelistirdigimiz anlamda pratik ve
basit bir giivenilirlik mekanizmas1 bulunmamaktadir.
Bu nedenle giivenilirligin derecelendirilmesi de
miimkiin degildir. Bu da giliven eksenli siralama
mekanizmasint  engellemektedir. Diger yandan,
gelistirdigimiz ~ giivenilirlik  mekanizmasi,  bilgi
cizgesine pratik ve basit bir sekilde uygulanabilmekte,
boylece gerekli hallerde giiven odakli siralama ihtiyact
rahatlikla giderilebilmektedir.

4.3. Tutarhhk

Bu béliimde, bilgi ¢izgesinde tutarlilik eklentisi, drnek
bir senaryo vasitasiyla agiklanmistir. Burada 6ncelikle
bes adet bilgi yaratilmistir. Bu bilgiler yaratildig:
anda, sabit ya da degisken higbir iliskileri
bulunmamaktadir. Asagida, bilgilerin yaratimi JSON
formatinda gosterilmistir.

Knowledgel: {'36 yasindaki bir adam eski nisanlisini
bicaklayarak dldiirdii.', Null, Null, Null}
Knowledge2: {'Eski nisanlisini bigaklayarak 6ldiiren
adam hakkinda 23 yil hapis cezasi istendi.', Null, Null,
Null}

Knowledge3 : {'Eski nisanlisin1 bigaklayarak 6ldiiren
adam ilk durusmada iyi halde serbest birakilds.', Null,
Null, Null}

Knowledge4 : {'Kadin haklar1 aktivistleri, bu karar1
mahkeme Oniinde protesto etti.', Null, Null, Null}
Knowledge5: {'Feminizm yayginlastyor.', Null, Null,
Null}

Bilgiler yaratildiktan sonra, aralarinda neden sonug
iliskisi kurulur. Eger bir bilginin herhangi bir iligkisi
bulunmuyorsa bu bilgi giivenilir degildir. Ornegin
asagidaki komutlarda, besinci bilginin nedeni
dordiincii, dordiinciiniin nedeni Ugiincii, tgilinciliniin
nedeni ikinci, ikincinin nedeni ise birinci bilgi
arasindaki iliskilerdir. Dordiincii bilginin yok olmas,
besinci bilginin giivenilirligini ortadan kaldiracak ve
bu bilgi siipheli hale getirecektir. Asagida, bilgilerin
neden sonug iligkileri girildikten sonra, bilgiler
arasindaki iligkilerin lock fonksiyonu ile kilitlenmis
hali, JSON formatinda gosterilmistir.

Eylem1: {'neden’, Null, Null, {12fK}}
Knowledgel: {'36 yasindaki bir adam eski nisanlisini
bigaklayarak oldiirdii.', Null, Null, {76Tf}}

Knowledge2: {'Eski nisanlisini bigaklayarak 6ldiiren
adam hakkinda 23 y1l hapis cezasi istendi.', {Eylem1:
Knowledgel}, Null {23wS}}

Knowledge3 : {'Eski niganlisin1 bigaklayarak oldiiren
adam ilk durugsmada iyi halde serbest birakild1.',
{Eylem1: Knowledge2, Eylem1: Knowledgel}, Null,
{23ds}}

Knowledge4 : {'Kadin haklar1 aktivistleri, bu karar1
mahkeme oniinde protesto etti.', {Eylem]1:
Knowledge3}, Null, {P3se}}

Knowledge5: {'Feminizm yayginlasiyor.', {Eylem]1:
Knowledge4}, Null, {wqg2}}

Bilginin kendisinde ya da onu destekleyen sabit
bilgilerin herhangi birinde bir hata ya da degisiklik
olustugunda model, degisikligin kaynagini bularak, o
kaynag1 baglamdan ¢ikarir ve o kaynak ile iliskili olan
tim bilgileri, derinlik parametresine bagli olarak
giinceller. Boylece sistemde tutarlilik saglanmis olur.

Gelistirdigimiz eklentideki tutarlilik anlayisi hem bilgi
cizgesinin kopyasindaki degisiklige hem de bilgi
cizgesi igerisindeki degisikliklere odaklanir. Bilgi
¢izgesinin igerisindeki herhangi bir bilgide meydana
gelebilecek bir degisiklik, bilgi ¢izgesindeki her bir

bilginin  gilincellenmesine neden olacagi  gibi
istendiginde  kopyalarindaki  degisikliklerin ~ de
giincellenmesini miimkiin kilar.

4.4. Baglam

Asagida bir bilginin baglamini agiklayabilmek icin
dort tane iliski olugturulmustur.

Eylem1: {{'neden'}, Null, Null, Null}
Knowledgel: {{'veril'}, Null, Null, Null}
Knowledge2: {{'veri2'}, {Eylem1:Knowledgel},
Null, Null}

Knowledge3: {{'veri3'}, {Eylem1:Knowledgel,
Eylem1:Knowledge2}, Null, Null}
Knowledge4: {{'veri4'}, {Eylem1:Knowledge3},
Null, Null}

Asagida, yukaridaki bilgilerin aralarinda
olusturduklar1 baglam ifade edilmistir. Burada
Knowledgel’in baglami  yoktur fakat modelde

varhigmi siirdiirir. Bu, Knowledgel’i dogrulayacak
herhangi bir degismez iliskinin bulunmadigi anlami
tagimaktadir. Degismez bir iligkisi bulunmayan ve

dolayisiyla normal sartlarda giivenilir olmayan
herhangi bir bilginin gilivenilir kabul edilip
edilmeyecegi, bilgi ¢izgesini yaratan kisinin

inisiyatifine baghdir.
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Bilgi 1

Sekil 3. Bilginin baglam yapisi

Sekil 3’te goriilecegi gibi, Knowledge4’iin baglami
icerisinde Knowledgel, Knowledge2, Knowledge3
bulunmaktadir. Baglami hesaplarken hash degeri,
cizgeye 0zgii olacagindan, yukaridaki sekilde
Knowledge4’iin baglami Knowledgel, Knowledge2,
Knowledge3’e ve aralarindaki iliskiye 6zgii olacaktir.
Sekil 3’te de goriilebilecegi tlizere, hash kiimesinde
tutulan degerler ayn1 zamanda baglami belirler. Yani
bir bilginin birden ¢ok baglami olabilecegi icin
istenilen Ozetler hash kiimesine atilarak, o bilginin
baglamlarini olusturmak miimkiindiir. Daha sonra bir
bilginin, bagka bir bilginin baglami ile uyumlu olup
olmadigi, bu hash degerlerine bakilarak belirlenebilir.
Boylece, bilgiye dair pek ¢ok belirsizlik ortadan
kaldirilmis olur.

Gelistirdigimiz ~ eklenti, bilgi ¢izgesinde bilgi
karsilastirmasi yapabilmek icin baglam
mekanizmasini destekler. Bu sayede, bilgi ¢izgesinde
bilgilerin kolaylikla karsilagtirilabilmesi miimkiin hale
gelir. Gergek yasamda oldugu gibi bir bilginin degeri,
pek cok farkli baglama gore degisiklik gosterebilir.
Gelistirdigimiz  eklentide bu durum rahatlikla
gergeklenebilmektedir.

V. DEGERLENDIRME

Bu bolimde,
eklentilerin

bilgi ¢izgesi
avantaj ve

icin  gelistirdigimiz
dezavantajlar  ortaya
koyulmustur. Degismezlik eklentisinin  sagladigi
avantaj, bilgi ¢izgesi igerisindeki  bilgilerin
degismis/degismemis olarak damgalanmasi ve bdylece
hangi bilgilerin  degistiginin  kolaylikla  tespit
edilebilmesidir. Veri yapisi konusunda degismezlik
odakli ¢ok cesitli ¢calismalar bulunsa da bilgi ¢izgesi

odaginda degismezlik konulu calismaya
rastlanmamustir.
Degismezlik eklentisi, bilgilerin kolaylikla

giincellenmesini saglayarak bilgi c¢izgesinin tutarl
kalmasina katkida bulunur. Bu katki, ¢alismamizda
tutarlilik eklentisi olarak tanimlanmistir. Tutarlilik
eklentisi, Algoritma 1 sayesinde tiim degismis bilgiler

iizerinde gezinerek, bu bilgilerin hizli bir sekilde
giincellenmesini saglar. Bu fonksiyon, bir bilgi
degistiginde otomatik olarak caligtirtlir ve etki ettigi
tim bilgileri, s6z konusu degisime bagl olarak
giinceller. Bilgi c¢izgesinde tutarliliga yonelik ¢ok

gesitli  calismalar  bulunmaktadir.  Ancak bu
caligmalarin higbirinde hash mekanizmast
kullanilmamistir.  Ayn1  zamanda, literatiirdeki

calismalarin hemen hemen hepsi olduk¢a karmasik
prosediirler icermektedir.

Giivenirlik eklentisi sayesinde, bilgiler arasinda
siralama gerceklestirilir. Bilgilerin siralanmasi, iki ya
da daha fazla bilgi arasindaki Onemi ortaya
koymaktadir. Bilgi ¢izgesinde bilgilerin, 6nem
derecesine gore siralanmasi, bilgiler arasi kiyas
yapabilme avantaji ve esnekligi sunmaktadir.
Literatiirde, bilgi ¢izgesinde giivenilirlik ile ilgili az
sayidaki aragtirmanin higbirinde hash mekanizmasi
kullanilmamistir. Ayn1 zamanda, mevcut ¢alismalarin

hemen hemen hepsi yine olduk¢a karmasik
prosediirler icermektedir.
Baglam eklentisi sayesinde iki bilgi arasinda

karsilastirma yapilabilmektedir. Baglam eklentisi,
bilgilerin hash degerlerine bakilarak, bu bilgilerin ayn1
olup olmadiginin anlasilmasini1 saglar. Hash kiimesi
sayesinde bilgi, birden fazla baglama sahip olur ve
yine hash degeri sayesinde bilginin hangi baglamda
bulundugu tespit edilir. Bu durum bilgi cizgesine
esneklik ve soyutlama avantaji saglar. Ayrica Hash
algoritmas: ile karsilagtirma yapildigindan dolay1
zaman karmagsikligi O(1)’dir. Literatiirde, bilgi
cizgesinde baglam ile ilgili ¢esitli aragtirmalar bulunsa
da bu arastirmalarin hig¢birinde hash mekanizmasi
kullanilmamigtir. Ayn1 zamanda, mevcut ¢alismalarin
hemen hemen hepsi yine olduk¢a karmasik
prosediirler icermektedir.

Caligmamizda, bilgi ¢izgesi igin gelistirilen dort
eklentinin  dezavantaji, hash mekanizmasindan
kaynaklanan, bilgi ¢izgesindeki bilgilerin bagli oldugu
tim bilgilerin hash degerlerinin tutulmasidir. Burada,
bilginin N tane bag1 varsa, N x (256 Byte)
uzunlugunda hash degeri saklanir. Bu durum alan
karmagsikligin1 az da olsa olarak arttirir. Diger bir
husus, giincelleme fonksiyonunun O(E)
karmagikligindaki ¢aligma zamanidir. Giincelleme,
¢ap parametresi ile hem azaltilabilir hem de
artirilabilir. Bu durum, karmasiklik {izerinde onemli
bir etkiye sahiptir. Giincelleme karmasikligmin g¢ap
parametresi ile azaltilabilmesi, s1g Oncelikli arama
(Breadth First Search)’daki derinligi ifade etmektedir.
Daha az derinlikte olmasi, karmagikligin yani sira
bilgi miktarin1 da azaltacagi icin belirli bir denge
yakalanmasi gerekli olmaktadir. Buradaki
karmasiklik, Breadth First Search’deki karmasiklik ile
aynidir. Burada O(E) karmasikligindaki E, kenar
sayisini ifade etmektedir.
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Gelistirdigimiz eklentilerin, bilgi ¢izgesine sagladigi
katkilar gbz oniine alindiginda, dezavantaj olarak ifade
edilebilecek bu iki hususun goéz ardi edilebilecegi
digiiniilmektedir.

VI. SONUC

Calismamizda, var olan bir bilginin nereden geldigi,
kimler tarafindan desteklendigi, desteklenme orani,
siralama, degistirilebilir veya degistirilemez olmasi ve
otomatik giincelleme islemlerini gergeklestirebilmek
amactyla bilgi ¢izgesine tutarlilik, baglam, giivenilirlik
ve degismezlik mekanizmalart modiiler bir bigimde
entegre edilmistir. Bu eklentilerin gelistirilmesinde
hashing mekanizmasi kullanilmistir. Bunun nedeni,
oldukca basit bir mekanizma olan Hashing
teknolojisinin, dort  farkli  6zelligi  kolaylikla
saglayabilme imkani sunmasidir. Calismamizda, bilgi
cizgesine tutarlilik, degismezlik, gilivenilirlik ve
baglam eklentisi saglamak i¢in “Knowledge” adini
verdigimiz bir model tasarlanmustir.

Onerdigimiz eklentilerin ilki olan degismezlik, bir
bilgi degistirilemez yapildiginda, onunla ilintili biitiin
bilgilerin degistirilemez olmasini saglar. Bu sayede
bilgi gilivenirligi garanti altina alinir. Herhangi bir
degisiklik oldugunda, hash bilgisi degiseceginden, s6z
konusu degisikligin nerede oldugu hemen tespit edilir.
Giivenilirlik diizeyi, bilgiyi destekleyen giivenilir
bilgilerin miktar1 ile ilgilidir. Bu sayede bilgilerin
giivenilirlik derecesine goére siralanmasi saglanir.
Tutarlilik, bilgi c¢izgesinde herhangi bir degisiklik
oldugunda, bu degisiklikten etkilenen tiim bilgilerin
aninda giincellenmesini ifade eder. Baglam ise, bir
bilgi ile ilgili tiim bilgilerden ve bunlarin arasindaki
iliskilerden olusur. Farkli baglamlar hesaplanarak, bir
dizisine bakilarak, diger baglamlarla uygunluklar
kontrol edilebilir.

Gelistirdigimiz eklentiler sayesinde, bilge ¢izgesine ek
ozellikler kazandirilarak, bilginin daha kapsaml
sekilde yansitilmasi saglanmistir. Eklentilerin, bilgi
cizgesinin iyilestirilmesine yonelik literatiire ve bilgi
cizgesini  kullanan yapay zeka yazilimlarinin
gelistirilmesine katki sunmasi beklenmektedir. Daha
genis anlamda ise c¢alisgmamizin, bilgi temsilinde
ihtiya¢ duyulan yazilimlarin gelistirilmesinin yani sira,
bilginin her alanda kullanilan bir yapt olmasi
dolayisiyla, bilgi ile ilgili ¢ok genig bir alana katki
sunmas1 beklenmektedir. Ileriki calismalarda, bir
tasar1 olarak gelistirilen eklentilerin kapsamli plot
uygulamalarinin gergeklestirilmesi planlanmaktadir.
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Metformin Administration to Glucose-restricted Cells Attenuates PKA
Signaling in S. cerevisiae
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Abstract

Recent research in cancer treatment points to metformin, a drug for type 2 diabetes, as a potential anti-cancer therapeutic, as
well as carbon limitation as a dietary measure. A new study, investigating effects of metformin treatment on colorectal cancer
cells, pointed to the fact that response to metformin treatment depended on extracellular glucose concentration. That is why
in the current study, effects of both carbon limitation and metformin treatment are explored via transcriptomics analyses. It is
demonstrated that cells grown in glucose-limited and metformin treated medium had the highest variance according to
transcriptional profiles, compared to individual treatments. Metformin administration, when combined with glucose
restriction, downregulates proliferative pathways such as transcription initiation and ribosome biogenesis while upregulates
energy derivation and autophagic mechanisms. Enrichment analyses point to an attenuated cAMP-PKA signaling pathway in
the cells grown in combined treatment medium. It is proposed that combined treatment exerts its beneficial effect on this
pathway, since cAMP-PKA signaling may be a potential target for pharmacological treatment of tumors.

Keywords: Systems Biology, S. cerevisiae, Metformin, Glucose Restriction, Transcriptomics, Cancer

Oz

Kanser tedavisindeki son arastirmalar, tip 2 diyabet tedavisi igin kullanilan metforminin potansiyel bir kanser onleyici
terap6tik oldugunu ve ayrica bir diyet 6nlemi olarak karbon sinirlamasinin énemini isaret etmektedir. Metformin tedavisinin
kolorektal kanser hiicreleri {izerindeki etkilerini arastiran yeni bir ¢alisma, metformin tedavisine verilen yanitin hiicre disi
glikoz konsantrasyonuna bagli oldugu gergegini ortaya koymustur. Bu nedenle bu ¢alismada hem karbon sinirlamasinin hem
de metformin tedavisinin etkileri transkriptomik analizlerle aragtirilmistir. Glikoz-sinirli ve metformin ile tedavi g6érmiis
ortamda biiyiitiilen hiicrelerin, bireysel tedavilere kiyasla transkripsiyonel profillere gore en yiiksek varyansa sahip oldugu
gosterilmistir. Metformin tedavisi, glikoz kisitlamasi ile birlestirildiginde, transkripsiyon baslangici ve ribozom biyogenezi
gibi proliferatif yolaklar1 baskilarken, enerji ortaya c¢ikist ve otofajik mekanizmalarn tetiklemistir. Gen ontolojisi
zenginlestirme analizleri, kombine tedavi ortaminda biiyitiilen hiicrelerde zayiflamig bir cAMP-PKA sinyal yolagmna isaret
etmektedir. CAMP-PKA sinyal yolagi, timérlerin farmakolojik tedavisi i¢in potansiyel bir hedef olabileceginden, kombine
tedavinin yararl etkisini bu yolak iizerinden gosterdigi diisliniilmektedir.

Anahtar kelimeler: Sistem Biyolojisi, S. cerevisiae, Metformin, Glikoz Kisitlamasi, Transkriptomiks, Kanser

1. INTRODUCTION

Cancer is a multi-faceted disorganization of the cell, involving alterations in numerous signaling pathways which
result in abnormal cellular growth and a potential to invade other parts in the body. Recently, revisiting of an old
theory emerged as one of the prospective anti-cancer treatments: nutrient limitation. First stated by Otto Warburg
in 1920s [1], tumor cells should be deprived of glucose to fight cancer, based on the observation that they rely on
an excess amount of extracellular glucose to sustain growth. Indeed, recent work showed that administration of
glucose restriction and chemotherapy increases the therapeutic effect as well as reduces side-effects that healthy
cells endure [2-3].

Metformin is an FDA approved drug, a biguanide used to treat type 2 diabetes. Its mechanism of action relies on
reducing blood glucose concentrations, without causing overt hypoglycemia [4]. Several clinical studies have
indicated that type 2 diabetic patients treated with metformin might have a lower cancer risk [5] compared to
those who do not follow such a regimen. Numerous research on metformin treatment in cancer has been
conducted since but a definite result was not obtained. Of note, several studies have pointed to the fact that
metformin treatment affected aggressiveness in solid cancers [6].
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In a recent study, the two players mentioned here were
combined and the role of extracellular glucose on the
response to metformin treatment was investigated for
colorectal cancer cells. It was demonstrated that the
cell lines show inhibitory growth after metformin
treatment under physiological (low) glucose
conditions, but not in high glucose conditions [7]. This
result underlines the importance of experimental
design in cancer research: glucose concentrations in
the experiments should be considered carefully when
evaluating the sensitivity of cancer cells to biguanides
or other therapeutic agents.

Saccharomyces cerevisiae, the budding yeast, has long
been used as a model organism for human diseases
and cancer, both for the broader investigation of
cellular machineries leading to cancer biogenesis [8]
and for studying the response to anti-cancer agents [9].
The ease of manipulation of yeast cells, coupled with
their genetic and metabolic similarity to tumor cells
such as preferring fermentation over respiration, even
when glucose is abundant, renders yeast an attractive
model organism for cancer studies. In fact, deeper
understanding of vital processes playing roles in
tumorigenesis such as DNA damage response [10],
autophagy [11], and lipid metabolism [12] are
elaborately studied in yeast first. Moreover, several
anti-cancer drug screening experiments as well as
mechanism of action studies are also conducted in
yeast [12-14], broadening our understanding of cancer
therapy.

In this study, the yeast S. cerevisiae is used as a model
organism to explore the effects of metformin treatment
and glucose restriction at the transcriptome level.
According to the results, simultaneous administration
of both interventions captures the highest variance in
the transcription data and seems to result in
attenuation of cCAMP-PKA signaling pathway.

2. MATERIALS AND METHODS

2.1. Yeast Strains and Growth Conditions

Saccharomyces cerevisiae strain adopted for the
cultures was AHO derived from BY4742 background,
Mata; his3A1; leu240; lys240; ura3A0,
YDL227c::kanMX4 obtained from EUROSCARF
deletion collection. The overnight grown cultures in
SDC were diluted to an ODgg value of 0.1 before the
main inoculation. All experiments were carried out in
biological triplicates in micro-aerated flasks, with a
working volume of 1:5. Temperature was set to 30 °C
and rpm to 180 for the batch-wise grown cultures. At
the mid-exponential phase (ODgw~0.6), the main
culture was split to three aliquots and treatments are
performed. Prior to transfer to the treatment media, the
cells of the three aliquots were centrifuged at 6000
rpm for 5 min and washed with water. Treatment
media comprised of fresh SDC (2% glucose) for the
control case, C; SDC + 0.25% glucose for the carbon

limited case, CR; SDC + 1.66% metformin for the
metformin treated case, M; and SDC + 0.25% glucose
+ 1.66% metformin for simultaneous treatment case,
CR+M. Samples for RNA extraction were collected 2
hours after the transfer to the treatment media.

2.2. Microarray Analysis

Extracted RNA was quantitatively assessed by UV-vis
spectrophotometer (NanoDrop ND-1000, Thermo
Fisher Scientific Inc.,, U.S.A) while qualitatively
examined with Bioanalyzer 2100 for RNA integrity
number (RIN, using RNA6000 Nanokit (Agilent
Technologies, USA). Samples with a RIN value > 7
were processed. The Affymetrix
GeneChip®Expression Analysis Technical Manual
was followed for the microarray analysis wet-lab
steps. dChip software [15] was adopted for the outlier
detection. Raw cell files without outliers were then
processed in R 4.1.3. via “affy” and “affycoretools”
packages of Bioconductor [16], with Robust Multichip
Average (rma) normalization. Log, transformed
expression values for the genes were used for further
statistical analyses. Data were submitted to
Arrayexpress platform under the accession numbers
E-MTAB-6847 and E-MTAB-3001.

2.3. Statistical Analyses

Principal Component Analysis (PCA) was performed
with log; transformed expression values in MATLAB
R2013. Data were processed with one way analysis of
variance (ANOVA, a=0.01) in MATLAB R2013 to
determine significantly expressed genes. GO term and
KEGG pathway analyses of the differentially
expressed gene groups were performed with the web-
based “gprofiler” tool [17]. GeneCluster 2.0 software
was adopted to cluster the data with self-organizing
maps algorithm, using the default values [18].

2.4. ReporterFeatures Analysis

Corrected p-values calculated by ANOVA and
transcription factor-gene interaction data downloaded
from YEASTRACT (February 2023) [19] were the
two input files to ReporterFeatures software [20], with
default settings.

3. RESULTS AND DISCUSSION

3.1. Transcriptomics Analyses Reveal that
the  Highest Impact on  Cellular
Reprogramming is Encountered when
Metformin was Administrated to Carbon-
limited Cells

When the normalized and log-transformed gene
expression data belonging to glucose restriction,
metformin  administration  and  simultaneous
application of both treatments are scrutinized, it is
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demonstrated that principal component 1 captures the
highest variance in the data (94%), separating
metformin administrated carbon limited cells from the

carbonlim®

remaining points on the principal component analysis
(PCA) plot (Figure 1).
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Figure 1. PCA plot of transcriptomics data. Triangles, circles, stars and squares represent data of the cells grown
in control, carbon-limited, metformin-administered and both carbon-limited and metformin-administered media,
respectively.

The dominance of the simultaneous treatments’ effects
on the variance of the data is also supported by the
ANOVA results. This statistical analysis identified a
total number of 332 genes which were differentially
expressed in metformin-treated case and 326 for
carbon-limited case, according to FDR corrected p-
values (p<0.01). However, none of those genes passed
the fold change threshold of 1.5. Instead, 1185 genes
were significantly expressed according to the
simultaneous effect of both carbon limitation and

a) c1
605 genes

CR+M_1
CR+M_2
CR+M_3

metformin treatment, 605 upregulated and 580
downregulated, each passing the fold change threshold
of 1.5 (Figure 2).

This result may be of importance when the current
anti-cancer therapeutic strategy of “combining nutrient
limitation and drug administration” [21] is taken into
consideration. It is demonstrated in this study (Figure
1) that this kind of combination creates an effect
greater than that of the individual responses, at least at
the transcriptional level.

b) c2
580 genes

CR_2
CR_3
M_1

M 2
M_3
CR+M_1
CR+M_2
CR+M 3

Figure 2. Self-organizing maps of the transcriptome profiles of interaction specific genes around a 1 x 2
arrangement. C, CR, M and CR+M denote control, carbon limited, metformin administrated, and simultaneous
treatment cases respectively. a) significantly upregulated genes whereas b) significantly downregulated genes.

The cluster number and number of genes in each cluster are indicated in the top right corner and in the top center
of each cell. The blue and red curves represent the centroids and standard deviation around the centroids,
respectively.
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3.2. Cells Grown in Carbon-limited and
Metformin Treated Medium Upregulate
Genes in the Energy Derivation and
Oxidation  Reduction  Processes  while

Repress Transcriptional and Translational
Machineries

The GO Process term enrichment of the 605 genes of
cluster C1 on Figure 2 resulted in numerous processes
related to energy derivation, ranging from aerobic
respiration to fatty acid oxidation (Table 1). It seems
that yeast cells adapt to this environment via inducing
catabolic pathways to produce energy, i.e., stimulation
of aerobic respiration and fatty acid oxidation (FAO)
(Table 1) and suppressing energy requiring
machineries such as transcription and translation
(Table 2), since nutrients are scarce. At a first glance,
this is exactly the expected healthy cellular response
from cells grown in glucose-limited medium, as
proven to take place in our previous study [22],
contrary to the behavior of cancer cells: tumor cells
generally exhibit induced energy derivation pathways
along with proliferative ones, such as increased
ribosome synthesis [23].

Addition of metformin to the carbon limited medium
however, gives rise to other terms such as “autophagy
of mitochondrion” (Table 1). In our previous study,
we concluded that metformin hampered copper-
dependent cytochrome c oxidase (complex V)
activity, mildly uncoupled the completion of electron
transport during respiration and thus stimulated a
pseudo-hypoxic response, even in aerated culture [22].
In fact, the dose-dependent effect of metformin on
cellular respiration has already been demonstrated also
in  mammalian cells [24]. Thus, it may be
hypothesized that the simultaneous treatment helps to

eliminate damaged mitochondria through upregulating
mitophagy. For cells which are grown in glucose
restricted medium, aerobic respiration is already
expected to be upregulated due to the attenuation of
the Crabtree effect [25] which is defined as the
repression of respiration because of elevated glucose
concentrations. Crabtree effect, as well as Warburg
effect, is one of the hallmarks of cancer cells [26],
thus alleviation of this effect might be one of the
beneficial effects of the current study’s interventions.
FAO is also expected to increase when glucose is
scarce, however it is a double-edged sword for cancer
therapy. Recently, an important role of FAO in
chemoresistance has been shown, stating that elevated
FAO results in increased phospholipid synthesis,
which in its turn elevates phospholipids in
mitochondrial membranes to induce mitochondrial
fitness of tumor cells [27]. However, no increase of de
novo synthesis and/or uptake of exogeneous lipids is
detected in this study, at least at the transcriptional
level. Moreover, mitophagy is one of the induced
processes, hinting that the simultaneous treatment
does not increase mitochondrial fitness but eliminate
damaged mitochondria.

“Glutamine family amino acid catabolic process”,
“methylglyoxal catabolic process to lactate”, “cellular
response to oxidative stress”, “NADPH regeneration”
and “cellular oxidant detoxification” are among the
enriched terms pertinent to upregulated genes, hinting
cells of this combined medium cope with the ROS
encountered by aerobic respiration/hampering of
aerobic respiration and fatty acid oxidation also by
properly regulating genes of the oxidative stress
response, apart from mitophagy. In fact,
methylglyoxal is a debated tumor-promoting factor,
hence its catabolism to lactate may be one of the
beneficial effects of the combined medium [28-29].

Table 1. Enriched GO process terms of the genes of cluster C1 (Figure 2)

GO BP Term Term No p-val

aerobic respiration G0:0009060 7.12E-21
cellular response to oxidative stress G0:0034599 5.10E-07
glycogen biosynthetic process G0:0005978 1.41E-05
respiratory chain complex 1V assembly G0:0008535 4.91E-05
cellular oxidant detoxification G0:0098869 3.06E-04
glutamine family amino acid catabolic process G0:0009065 3.97E-04
mitochondrial translation G0:0032543 5.52E-04
fatty acid beta-oxidation G0:0006635 1.05E-03
methylglyoxal catabolic process to lactate G0:0061727 1.81E-03
autophagy of mitochondrion G0:0000422 5.27E-03
long-chain fatty acid import into peroxisome G0:0015910 9.42E-03
protein Kinase A signaling G0:0010737 1.09E-02
NADPH regeneration G0:0006740 1.60E-02
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Downregulated genes are enriched mainly in
translation and transcription related terms (Table 2).
“Ribosome biosynthesis” as well as “transcription
initiation at RNA polymerase I promoter” terms are
the main terms of Table 2, demonstrating the cellular
reprogramming encountered in carbon limitation and
metformin treatment. The reduction in protein
synthesis machinery is generally attributed to
deficiencies in TOR signaling [30]. Although the
repression of TOR signaling in response to carbon
limitation is currently under debate, simultaneous
administration of metformin and carbon limitation

seems to alter this signaling machinery, possibly in
part by the upregulated “glutamine amino acid
catabolic process term” (Table 1). In fact, metformin
has already been proposed to inhibit TORC1 signaling
in mammalian cells [31]. The last one of the enriched
terms of significantly downregulated 580 genes is the
“methylation” term. Hyper or hypomethylation of
DNA in cancer has long been studied [32], hinting that
one of the beneficial effects of simultaneous
administration of both interventions, is to suppress this
mechanism.

Table 2. Enriched GO process terms of the genes of cluster C2 (Figure 2)

GO BP Term Term No p-val

ribosome hiogenesis G0:0042254 1.49E-135
methylation G0:0032259 1.16E-38
transcription initiation at RNA polymerase | promoter G0:0006361 6.37E-09
cellular amino acid biosynthetic process G0:0008652 6.46E-04
peptidyl-diphthamide biosynthetic process from peptidyl-histidine G0:0017183 4.04E-03
pyrimidine nucleoside monophosphate biosynthetic process G0:0009130 4.82E-02

3.3. Metformin Administration to Carbon-
limited Cells Attenuates PKA Signaling

Another upregulated term in Table 1 is “Protein kinase
A (PKA) signaling”, with a p-value of 1.09E-02.
When the 4 genes responsible for this enrichment
result are investigated in depth, namely TPK1, TPK2,
GPA2, and YAK1, it was seen that nearly all key
members of PKA pathway were upregulated in cells
grown in simultaneous treatment medium, except
TPK3 (Figure 3). This result is in strict contradiction
with our previous study, where TPK1 and TPK2, the
two catalytic subunits of cAMP-dependent protein
kinase of yeast, were found to be among the
significantly downregulated genes unique to carbon
limited case, with fold change values of 1.54 and 1.30.
Thus, metformin administration reverses this behavior.

The cAMP-PKA signaling in S. cerevisiae is a major
controller of numerous essential cellular processes

associated with fermentative growth, the entrance into
stationary phase, stress responses and developmental
pathways [33]. cAMP synthesis in yeast is induced in
response to two stimuli: extracellular fermentable
sugars, which is not the case in this study, and
intracellular acidification [34]. CYR1 encoding the
adenylate cyclase which required for CcAMP
production is found to be upregulated nearly 1.3 fold
in cells grown in simultaneous treatment medium.
This leads to the hypothesis of increased intracellular
acidification in those cells since extracellular glucose
is limited. Although extracellular acidification by
metformin treatment is demonstrated in S. cerevisiae
[22], other studies point to a role for metformin also in
the acidification of lysosomal/endosomal
compartments in rat microglia [35]. Establishment of
such acidification may be of potential for anti-cancer
treatment, since acid stress triggers apoptosis [36].
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Figure 3. Negative regulation of TPK1 by active CAMP-PKA signaling. Red denotes upregulation in gene
expression while green is for downregulation.

TPK1, TPK2, TPK3, and BCY1 promoters, are all
known to be activated under low or null protein kinase
A activity [37], and they are all upregulated in this
study (Figure 3). Current study demonstrates that, at
the transcriptional level, the increase in CYR1 levels
does not induce the subsequent PKA activation in
cells grown in carbon limited and metformin
administered medium, leading to an attenuated PKA
activity, which in its turn upregulates genes involved
in its own pathway.

Although cAMP signaling in cancer cells is affected
by the type of cell and its surroundings, oncogenic
activation of PKA signaling is found to be in many
tumor types [38]. Thus, another beneficial effect of
combined treatment may be the attenuation of this
pathway.

3.4. Cells Grown in Combined Treatment
Medium are Under the Effect of
Msn2p/Msn4p Transcription Factors

Adoption of the Reporter Features software, which is
used for the identification of key biological features
around which transcriptional changes are significantly
concentrated, enabled the identification of the
transcription factors which are responsible for the
organization of the current transcriptome data. Msn2p
and Msndp are among the top ten regulated
transcription factors, with Z-scores of 10.62 and 9.85
respectively (Figure 4). Msn2p and Msndp are
regulators of the stress response in S. cerevisiae, under
the negative effect of PKA signaling. Hence, this
result also supports a low PKA signaling activity in
cells grown in the combined medium.

Although functional orthologues are not identified in
mammalians, Msn2p and Msndp are involved in
response to various stress factors in S. cerevisiae.
Genes of Figure 4, significantly upregulated in
combined medium, do not yield an enrichment result.
However, deeper investigation shows that most of
them are upregulated in response to osmotic shock, a
pathway under Hoglp control in yeast. Hoglp is the
yeast orthologue of mammalian MAPK p38, which is
involved in the inflammatory and stress responses.
Results of the current study may imply an effect of
combined medium on MAPK signaling, an outcome in
line with metformin exerting an apoptosis-mediated
effect through activating the INK/p38 MAPK pathway
in lung tumor cells [39].

In summary, glucose restriction and metformin
treatment, when applied together, have a greater
effect than individual treatments at the transcriptional
level. The enrichment results of the differentially
expressed genes point to repression of ribosome and
cellular amino acid biosyntheses, while terms related
to energy generation such as fatty acid oxidation and
aerobic  respiration are  induced.  Another
transcriptionally induced term is “PKA signaling”,
and it is known that this pathway is activated under
low or null protein kinase A activity, hinting a low
PKA activity in the cells grown in combined medium.
This result is further supported by the determination
of key transcription factors (TFs): Msn2p and Msn4p
which are under the negative control of PKA
signaling are among the top ten key TFs and they
positively upregulate genes situated at the
downstream of MAPK signaling pathway.
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Figure 4. Differentially upregulated genes under the positive control of Msn2p-Msn4p

4. CONCLUSIONS

Recently, carbon limitation, i.e., glucose restriction
has taken a greater interest in treating tumor cells,
especially as a subsidiary intervention combined with
chemotherapeutic agents. In this study, | tried to
capture the cellular reprogramming in terms of
transcriptional responses, when glucose limitation is
combined with the promising anti-cancer agent
metformin administration. Results of the current study
points to downregulation of terms pertinent to
ribosome biogenesis and proliferation. Another key
result of the study is the low cAMP-PKA signaling
activity in the cells of the simultaneous treatment
medium. Drug administration, when combined with
nutrient limitation, may downregulate PKA signaling
cascade to properly respond to cellular stress and
induce autophagic machinery. Another shadow player
seems to be the MAPK machinery, demonstrated by
the genes responsive to Msn2/4p, although further
experimentation is needed for a definite result.
Experiments which target MAPK and/or cCAMP-PKA
pathway in combination with dietary restriction and
metformin administration will provide valuable
insights for anti-tumor therapy.
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Abstract

The effects of the hot air inlet velocity and hot air inlet temperature on the hot side temperature, the temperature difference
between the hot and cold sides, and the heat transfer rate on the hot side of a thermoelectric module (TEM) were investigated
by computational fluid dynamics (CFD) analyzes. CFD model is constituted as hot and cold air will flow on both sides of the
TEM. During the analyzes, hot and cold air inlet velocities are varied between 1 m/s and 15 m/s, while hot air inlet temperature
is altered between 400 °C and 800 °C. Simultaneously, cold air inlet temperature is kept constant at 25 °C. As a result of CFD
analysis, the maximum hot side temperature, the temperature difference between the hot and cold sides, and the average heat
transfer rate on the hot side of the TEM are found to be 274.9 °C, 70.4 °C, and 33.8 W, respectively, at 15 m/s of hot air inlet
velocity. Besides, the maximum hot side temperature, the temperature difference between the hot and cold sides, and the
average heat transfer rate on the hot side of the TEM are determined to be 432.8 °C, 114.9 °C, and 55.1 W, respectively, for
800 °C of hot air inlet temperature at 15 m/s of hot air inlet velocity. As a result, increasing the hot air inlet velocity and inlet
temperature increases the hot side temperature, the temperature difference between the hot and cold sides, and the heat transfer
rate on the hot side of the TEM.

Keywords: Thermoelectrics, thermoelectric power generation, heat transfer, temperature distribution, CFD.

Oz

Bu caligmada, sicak hava giris hiz1 ve sicak hava giris sicakliginin bir termoelektrik modiiliin (TEM) sicak yiizey sicakligina,
sicak ve soguk yiizeyler arasindaki sicaklik farkina ve sicak yiizeydeki 1s1 transfer hizina etkisi hesaplamali akiskanlar dinamigi
(HAD) analizleri ile incelenmistir. HAD analizleri sonucunda TEM'in maksimum sicak taraf sicakligi, sicak ve soguk yiizey
arasindaki sicaklik farki ve sicak ylizeydeki ortalama 1s1 transfer hizi 15 m/s sicak hava giris hizinda sirasiyla 274,9 °C, 70,4
°C ve 33,8 W olarak bulunmustur. Diger taraftan, TEM'in maksimum sicak yiizey sicakligi, sicak ve soguk yiizeyler arasindaki
sicaklik farki ve sicak yiizeydeki ortalama 1s1 transfer hizi 15 m/s sicak hava girig hiz1 ve 800 °C sicak hava giris sicakligi icin
strastyla 432,8 °C, 114,9 °C ve 55,1 W olarak belirlenmistir. Sonug olarak, sicak hava giris hizinin ve giris sicakliginin artmas,
TEM'in sicak ylizey sicakligini, sicak ve soguk yiizeyler arasindaki sicaklik farkini ve sicak ylizeydeki 1s1 transfer hizini
artirmigtir.

Anahtar Kelimeler: Termoelektrik, Termoelektrik Gii¢ Uretimi, Is1 Transferi, Sicaklik Dagilimi, CFD.

I. INTRODUCTION

Thermoelectric technology has been used in laboratorial and industrial engineering applications in thermoelectric
modules (TEMs) and thermoelectric generators. Recently, TEMs have been widely used as coolers for cooling
applications and electricity generators on the closure side of the photovoltaic cells to decrease the temperature [1—
3]. On the other hand, they can be used as alternative electricity generators utilizing available waste heat from
factories, automobiles, etc., due to the thermoelectric effect [4]. Currently, researchers declare analytical studies
focusing on the application of TEMs in the exhaust system of an automobile to retrieve the exhaust gas waste heat
[5]. Other heat sources, including waste heat, can also generate a temperature difference between the hot and cold
sides of the TEMs (A7) to produce electricity [6]. Other studies suggest that TEMs formed in different designs
have a higher consciousness of radiation heat in industrial furnace applications [7].

A three-dimensional model of the TEM can be created by computational fluid dynamics (CFD) to investigate and
optimize the temperature distribution on both sides and the power generation performance of the TEM [8]. The
finite difference method model covers Seebeck, Joule, and Thomson effects equations, including Fourier's law and
temperature-dependent properties. Also, the model structure gives numerical analysis higher accuracy, even in
more complicated designs [9].
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Effects of Flow Parameters on Heat Transfer of a TEM

In TEM applications, different fluids can pass through
both sides of the TEM. The type, velocity, and other
parameters of the fluid affect the temperature
distributions on both sides, heat transfer, and, therefore,
the electrical power to be obtained from the TEM. Bell
mentioned the need to connect TEMs with fluid flows
flowing in opposite directions (counter-current flow) to
obtain wider temperature ranges in his series work [10].
In their study, Temizer and llkilic investigated the
exhaust gas flow and temperatures of the internal
combustion engine at different speeds and loads and the
different fluid flow directions. As a result, the counter-
flow direction can increase the heat transfer, thus

In this study, the hot side temperature (Tps), 47, and the
heat transfer rate on the hot side of the TEM (Q;) were
investigated by passing hot and cold air over both sides
of the TEM, designed in ANSYS DesignModeler
software. Flow analyses were performed using CFD
analysis on ANSYS Fluent software. Hot air and cold
air are modeled to flow as counter-flow to increase AT
and Q,. Hot air inlet velocity (Vi) and cold air inlet
velocity (Vi) were varied as 1 m/s, 3m/s, 5 m/s, 10 m/s,
and 15 m/s by keeping the hot air inlet temperature (Thi)
at 500 °C and the cold air inlet temperature (T¢;) at 25
°C. By keeping Vi at 15 m/s and Tg; at 25 °C, Ty ranged
from 400 °C, 500 °C, 600 °C, 700 °C, and 800 °C.
Effects of Vi and the Ty; on the temperature distribution
and Q,, of the TEM were investigated.

1. METHODOLOGY

In this study, CFD analyses of a TEM composed of 8
pairs of p- and n-type TE legs with circular cross-
sections were used to evaluate the temperature
distribution and Q,, on the TEM. The CFD analysis of
the TEM was performed on Ansys Fluent software. Air
was used as the fluid for both surfaces of the TEM in
the analysis. During the CFD analyses, the temperature
distribution on both sides and Q, of the TEM were
investigated at different Vi and Thi. In the analyses, the
TEM was designed in ANSYS DesignModeler.
Appropriate mesh structure was obtained for the
analysis, and boundary conditions were determined by
defining material and fluid properties in Ansys Fluent.
The effects of Vhn and Tn on the temperature
distribution and Q,, of the TEM were investigated as a
result of the analysis.

TE power generation from the exhaust gas heat using
the Ansys 12.0 Fluent software [11]. As a result of the
analysis, the water temperature increased along the
surface, and the cooling efficiency decreased. Although
there is a tendency to decrease the pressure and flow
values of the exhaust gas at a certain distance when it
enters the TEM system, there was not much change,
and there was no loss compared to the inlet. In their
study, He et al. examined different flow types on both
sides of the TEM [12]. Output powers were analyzed
according to

yielding greater thermoelectric output power than the
co-flow direction.

The TEM model was constituted as the legs of the TEM
are connected in series for electrical connection and
parallel for the heat transfer. The dimensions of both
legs were designed to be @8x5 mm, and the distance
between the legs was designed as 3 mm. In the model,
the legs were placed between 2 pieces of alumina plates
with 50x50x1 mm dimensions. The meshing of the
TEM maodel performed using the finite volume method
is shown in Figure 1.

For the flow analyses, CFD model was constituted as
hot and cold air would flow on both sides of the TEM.
Hot and cold air enclosures were designed using
ANSYS DesignModeler software for both sides of the
TEM. After generating hot and cold air enclosures, the
designed TEM model was transferred to ANSYS
Fluent software. The inlet and outlet of the hot and cold
flows were specified as there will be a counter-current
flow to increase A7 and Q,. Walls of the hot and cold
air enclosures and lateral surfaces of the TEM were
considered adiabatic in the model. The no-slip
condition was applied for the fluids flowing on both
sides of the TEM. In the solution setup, Vi and V¢ of 1
m/s, 3 m/s, 5 m/s, 10 m/s, and 15 m/s, and Ty of 400
°C, 500 °C, 600 °C, 700 °C, and 800 °C were specified
as the inlet boundary conditions. Simultaneously, cold
air inlet temperature was kept constant at 25 °C. The
ambient temperature and the convection heat transfer
coefficient for the outer surfaces were defined as 25 °C
and 10 W/m2K, respectively. Moreover, the thermal
and thermoelectric properties of alumina plates, silver
conductors, p- and n-type legs, and the fluid properties
of air flowing on both sides of the TEM were specified.
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Figure 1. TEM model for the CFD analyses.

Mesh number and mesh quality are important
parameters in CFD analyses to get results closer to
reality. The adequate number of mesh nodes and
elements suitable for the TEM determines the quality
of the meshing process. Since the software uses a lot of
CPU in the computer, mesh optimization is very
important in terms of time-saving. In this respect, two
different body sizing were defined in the bottom tab of
the meshing process, and different meshing properties
were defined according to the dimensions of the TEM’s
parts. The first type of body sizing was applied for the
silver conductors and the legs in the TEM, while the
second type was applied for the alumina plates. The
average element sizes for the sections where the first
and second types of body sizing were applied were
defined as 0.25 mm and 0.5 mm, respectively. The
average element size of the remaining meshing of the
enclosure sections was 5 mm. As a result, number of
elements was optimized at 2,915,567 elements using
tetrahedral and hexahedral elements. Lastly, the
analyses were optimized in 500 iterations, and the
results were obtained.

1. RESULTS AND DISCUSSION

3.1. Effect of the Hot Air Inlet Velocity on the
Temperature Distribution of the TEM

CFD analyses were carried out to determine the
temperature distributions on both sides and through the
TEM at different hot air inlet velocities. T and T of
the TEM were taken constantly at 500 °C and 25 °C,
respectively, while modifying Vhi. Vi was altered as 1
m/s, 3m/s, 5 m/s, 10 m/s, and 15 m/s. As a result of the
analyses, the temperature distributions on both sides
and the temperature distribution through the TEM are
shown in Figure 2 to Figure 6 for Vi of 1 m/s, 3 m/s,
5 m/s, 10 m/s, and 15 m/s, respectively.

Obtaining the results, the temperature drops between
the inlet and outlet regions of both sides of the TEM
were observed. Increasing Vi increases Tps, cold side
temperature (Tcs), and AT between both sides of the
TEM, and the temperature distributions show similar
characteristics at all Vh;.

When Figure 2 is examined, the maximum Tps and Tes
of the TEM are obtained as 122.7 °C and 114.7 °C,
while the maximum temperature through the TEM is
found to be 122.3 °C for 1 m/s of V. According to
Figure 3, when the Vy; increases to 3 m/s, the maximum
Ths and T¢s of the TEM increase similarly to 186.4 °C
and 165.7 °C, respectively, while the maximum
temperature through the TEM increases to 184.2 °C.
When the Vi increases to 5 m/s, the TEM's maximum
Ths and T¢s are realized as 214.6 °C and 183.9 °C,
respectively. The maximum temperature through the
TEM is 211.3 °C (Figure 4). Figure 5 illustrates the
temperature distributions on both sides and through the
TEM for 10 m/s of Vy. According to the figure, the
maximum Tps and T of the TEM are found to be 252.8
°C and 200.5 °C, respectively, while the maximum
temperature through the TEM is obtained as 247.1 °C.
Finally, when Figure 6 is inspected, the TEM's
maximum Tps and T¢s are acquired as 274.9 °C and
204.5 °C, while the maximum temperature through the
TEM is 266.9 °C for 15 m/s of Vhi. According to these
results, the increase in Tys of the TEM with the increase
in the Vi can be attributed to the increase in the Re
number, which yields an increase in the Nu number and
the convection heat transfer coefficient.

)

Figure 2. Temperature distributions for 1 m/s of Vi a)
on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

©)

Figure 3. Temperature distributions for 3 m/s of Vii: a)
on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.
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©)

Figure 4. Temperature distributions for 5 m/s of Vyi: a)
on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

©)

Figure 5. Temperature distributions for 10 m/s of Vyi:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

<)

Figure 6. Temperature distributions for 15 m/s of Vp:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

According to the temperature distributions, it has been
analyzed that AT of the TEM increase with the increase
in Vhi. This increase results in AT of 8.0 °C, 20.7 °C,
30.7 °C, 52.3 °C, and 70.4 °C for 1 m/s, 3 m/s, 5 m/s,
10 m/s, and 15 m/s of Vy;, respectively, under constant
Thi and Tei. The TEM's Ths and T for the Vyi are given
in Figure 7. When the temperature distributions are
further investigated, it seems that temperature
distributions on both sides of the TEM are not
homogeneous. The temperature differences on the hot
side are 1.5 °C, 5.1 °C, 7.4 °C, 12.6 °C, and 17.3 °C,

where the temperature differences on the cold side are
1.3°C,3.4°C,54°C, 10.1 °C, and 14.5 °C for 1 m/s,
3 m/s, 5 m/s, 10 m/s, and 15 m/s of Vy;, respectively.
This difference on the same surface originates from the
difference between the conduction heat transfer (occurs
between the alumina plate and the silver conductor and
between the silver conductor and p- and n-type legs)
and the convection heat transfer (occurs between the
alumina plate and the ambient air and between p- and
n-type legs and the ambient air). In addition, the
difference in the thermal conductivity values of the
TEM materials (silver conductor and p- and n-type
legs) constitutes different values for the conduction
heat transfer.
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Figure 7. Effect of the Vy; on the Tps and T of the
TEM.

In addition to temperature distributions, the average
heat transfer rates on the hot (Q,) and cold sides (Q,)
of the TEM were investigated. According to the results
in Table 1, the average Q, are found to be 4.6 W, 11.3
W, 16.1 W, 25.6 W, and 33.8 W for 1 m/s, 3 m/s, 5 m/s,
10 m/s, and 15 m/s of Vy,;, respectively. In addition, the
average Q. is analyzed to be 1.8 W, 6.7 W, 10.9 W,
20.0 W, and 28.2 W for 1 m/s, 3 m/s, 5 m/s, 10 m/s, and
15 m/s of Vy;, respectively. According to these results,
increasing Vi yields an increase in Q, and Q.. As
expected, the maximum average Q,, and Q. resulted in
the maximum V4. The increase in Q,, and Q. can be
attributed to the increase in the Re number, which
yields an increase in the Nu number and the convection
heat transfer coefficient.

Table 1. Average 0, and Q. for Vy.

Vhi Qh QC Ths Tcs AT
[ms] W] [W] [°C] [C] [C]
1 4.6 1.8 122.7 1147 8.0
3 11.3 6.7 186.4 165.7 20.7
5 16.1 109 2146 1839 30.7
10 256 200 2528 2005 523
15 338 282 2749 2045 704
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3.2. Effect of the Hot Air Inlet Temperature on the

Temperature Distribution of the TEM
CFD analyses were carried out to determine the
temperature distributions on both sides and through the
TEM at different Tni. When the effect of the Vi on the
temperature distribution of the TEM was analyzed, it
was specified that the maximum Tys and the maximum
AT were obtained at 15 m/s of the Vi Accordingly, the
Vhi of the TEM was kept constant at 15 m/s while
modifying Tri. During the analyses, T, was kept
constant at 25 °C, and the Ty were varied to 400 °C,
500 °C, 600 °C, 700 °C, and 800 °C. As a result of the
analyses, the temperature distributions on both sides
and through the TEM are shown in Figure 8 to Figure
12 for the Thi of 400 °C, 500 °C, 600 °C, 700 °C, and
800 °C, respectively.

According to the CFD results, the temperature drops
between the inlet and outlet regions of both sides of the
TEM were observed. Increasing the Ty; increases the Ths
and T¢s and AT of the TEM. As can be seen from the
figures, the temperature distributions show similar
characteristics at all T;.

When Figure 8 is examined, the maximum Tps and Tes
of the TEM are obtained as 222.3 °C and 166.7 °C,
while the maximum temperature through the TEM is
found to be 216.0 °C for 400 °C of Thi. According to
Figure 9, when the Ty increases to 500 °C, the
maximum Tys and T¢s of the TEM increase in a similar
manner to 274.9 °C and 204.5 °C, respectively, while
the maximum temperature through the TEM increases
to 266.9 °C. When the Ty increases to 600 °C, the
TEM's maximum Tps and Tes are realized as 327.5 °C
and 242.3 °C, respectively. The maximum temperature
through the TEM is 317.9 °C (Figure 10). Figure 11
illustrates the temperature distributions on both sides
and through the TEM for 700 °C of Tri. According to
the figure, the maximum Tps and T¢s of the TEM are
found to be 380.1 °C and 280.0 °C, respectively, while
the maximum temperature through the TEM is obtained
as 368.8 °C. Finally, when Figure 12 is inspected, the
maximum Tps and T of the TEM are acquired as 432.8
°C and 317.8 °C, while the maximum temperature
through the TEM is found to be 419.8 °C for 800 °C of
Thi. According to these results, the increase in the Ty of
the TEM with the increase in the Ty can be attributed
to the increase in the AT between the hot air and the hot
side of the TEM, which yields an increase in the
convection heat transfer rate.

)

Figure 8. Temperature distributions for 400 °C of T:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

<)
Figure 9. Temperature distributions for 500 °C of Th;:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

)

Figure 10. Temperature distributions for 600 °C of Thi:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.
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©)
Figure 11. Temperature distributions for 700 °C of Tyi:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

o
fE

)

Figure 12. Temperature distributions for 800 °C of Tyi:
a) on the hot side of the TEM, b) on the cold side of the
TEM, and c) through the TEM.

According to the temperature distributions, it has been
analyzed that the AT of the TEM increase with the
increase of the Twi. This increase results in AT of 55.6
°C, 70.4 °C, 85.2 °C, 100.1 °C, and 115.0 °C for 400
°C, 500 °C, 600 °C, 700 °C, and 800 °C of T
respectively, under constant V. The TEM's Tps and Tes
for the Tn are given in Figure 13. When the
temperature distributions are further investigated, it
seems that temperature distributions on both sides of
the TEM are not homogeneous. The temperature
differences on the hot side are 13.7 °C, 17.3 °C, 21.0
°C, 24.6 °C, and 28.3 °C, where the temperature
differences on the cold side are 11.4 °C, 14.5 °C, 17.5
°C, 20.6 °C, and 23.6 °C for 400 °C, 500 °C, 600 °C,
700 °C, and 800 °C of Ty, respectively. This difference
on the same surface originates from the difference
between the conduction heat transfer (occurs between
the alumina plate and the silver conductor and between
the silver conductor and p- and n-type legs) and the
convection heat transfer (occurs between the alumina
plate and the ambient air and between p- and n-type
legs and the ambient air). In addition, the difference in
the thermal conductivity values of the TEM materials
(silver conductor and p- and n-type legs) constitutes
different values for the conduction heat transfer.
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Figure 13. Effect of the Ty on the Tps and T of the
TEM.

In addition to temperature distributions, the average Q,,
and Q. of the TEM were investigated. According to the
results in Table 2, the average Q,, of the TEM are found
to be 26.7 W, 33.8 W, 40.9 W, 48.0 W, and 55.1 W for
400 °C, 500 °C, 600 °C, 700 °C, and 800 °C of Th;,
respectively. In addition, the average Q. of the TEM are
analyzed to be 22.2 W, 28.2 W, 34.1 W, 40.0 W, and
45.9 W for 400 °C, 500 °C, 600 °C, 700 °C, and 800 °C
of Thi, respectively. According to these results,

increasing the Ty yields an increase in Q, and Q. of the
TEM. As expected, the maximum average Qh and QC
resulted in the maximum Tyi. The increase in Q;, and Q,
of the TEM can be attributed to the increase in the AT
between the hot air and the hot side of the TEM, which
yields an increase in the convection heat transfer rate.

Table 2. Average Q, and Q. for Thi.
Thi Qh QC Ths Tcs

mis] wp w e ATEC
400 26.7 222 2223 166.7 55.6
500 33.8 28.2 274.9 204.5 70.4
600 409 341 3275 242.3 85.2
700 48.0 40.0 380.1 280.0 100.1
800 55.1 459 4328 317.8 115.0

IV. CONCLUSIONS

In this study, temperature distributions and Q,, and Q.
of a TEM were investigated using CFD analyzes. Vi
and Ty were altered to specify their effects on Ty, 4T,
and Q. During the analyses, the Vi varied as 1 m/s, 3
m/s, 5 m/s, 10 m/s, and 15 m/s while keeping Tni and T
at 500 °C and 25 °C, respectively. Afterward, keeping
the Vi constant at 15 m/s, and the Ty was modified to
400 °C, 500 °C, 600 °C, 700 °C, and 800 °C.

According to the results, the TEM's maximum Tps and
Tes are 2749 °C and 204.5 °C, respectively. In
comparison, the maximum temperature through the
TEM is acquired as 266.9 °C for 15 m/s of Vyi by
keeping the Thi at 500 °C. Increasing the Vi increases
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the Ths and Tes and the AT of the TEM. This increase
derives a AT of 70.4 °C for 15 m/s of V. In addition to
temperature distributions, the average Q,, is found to be
33.8 W for 15 m/s of Vhi. According to these results, the
increase in the Tps and Q;, with the increase in Vi can
be attributed to the increase in the Re number, which
yields an increase in the Nu number and the convection
heat transfer coefficient.

When the Vi was kept constant at 15 m/s, the TEM's
maximum Tps and T were specified as 432.8 °C and
317.8 °C. In contrast, the maximum temperature
through the TEM is 419.8 °C for 800 °C of Th.
Increasing the Ty; yields an increase in the Tps and Tes
and AT of the TEM. This increase derives a A7 of 115.0
°C for 800 °C Tp. In addition to temperature
distributions, the average Q, is 55.1 W for 800 °C of
Thi. According to these results, the increase in the Ths
and Q, with the increase in the Ty can be attributed to
the increase in the temperature difference between the
hot air and the hot side of the TEM, which yields an
increase in the convection heat transfer rate.
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Kalp Kas1 Enfeksiyonlara Yénelik U¢ Boyutlu Biyofonksiyonel Doku
Iskelesi Uretimi ve Karakterizasyonu

Fabrication and Characterization of Three-Dimensional Biofunctional Tissue Scaffolds for
Myocardial Infections
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Istanbul, Tiirkiye

Oz

Miyokardit, kalp kas iltihabi olarak tanimlanir ve akut yetmezlik vakalarinin %10' unu olusturur. Kalp kasi iltihaplanmalarinin
olugmasina basta viriisler olmak iizere bakteri, mantar ve otoimmiin hastaliklar sebep olmaktadir. Doku miihendisligi, herhangi
bir nedenle yapist bozulmus biyolojik dokular1 yeniden eski haline getirmeyi, yapisal ve fonksiyonel 6zelliklerini onarmayi
amaglayan multidisipliner bir bilim dalidir. Bu ¢alismada, kalp kasi enfeksiyonlarina yonelik doku mithendisligi yaklasimi ile
kurkumin (KUR) yiiklii ii¢ boyutlu polilaktik asit (PLA) doku iskeleleri iiretilmis ve morfolojik, kimyasal, mekanik ve biyolojik
ozellikler bakimindan test edilmislerdir. KUR un etkisini incelemek i¢in {i¢ farkli miktar (10, 15 ve 20 mg) %17 PLA igerisine
eklenip, lic boyutlu doku iskeleleri iiretilmistir. Taramali elektron mikroskop (SEM) ile yapilan morfolojik analizler, tiim iskele
yapilarinin homojen por dagilimina sahip olduklarin1 géstermistir. Fourier doniisiimlii kizilotesi spektroskopisi (FTIR) ile
yapilan kimyasal analiz sonucunda, KUR eklenmesinin matriks yapiya ait pikleri kaydirdigi gézlenmistir. Cekme testi sonuglari
incelendiginde KUR eklenmesinin %17 PLA’ nin ¢ekme dayanimini arttirdigi gozlenmis ve en yiiksek ¢ekme dayanimu
(12.51£1.3 MPa) 20 mg KUR igeren doku iskelesine ait olarak bulunmustur. H9C2 kardiyomiyosit hiicre hatt1 ile yapilan 1, 3
ve 7 giinliik MTT testi sonuglarma bakildiginda, en yiiksek hiicre canliligi (%124.12) 15 mg KUR igeren iskeleye ait olarak
bulunmustur. S. aureus ve C. albicans suslarina kargi yapilan antimikrobiyal test sonucuna bakildiginda, KUR yiiklenmesinin
iskelelere antimikrobiyal 6zellik kazandirmadig1 gézlenmistir. In vitro ortamda yapilan biyobozunurluk testi sonucunda, KUR
yiiklenmesiyle bozunma oraninin arttigi gézlenmistir.

Anahtar Kelimeler: Doku iskelesi; kardiyomiyosit; kurkumin; miyokardit; PLA; ii¢ boyutlu yazici

Abstract

Myocarditis is defined as inflammation of the heart muscle and accounts for 10% of acute failure cases. Inflammation of the
heart muscle is caused mainly by viruses, bacteria, fungi, and autoimmune diseases. Tissue engineering is a multidisciplinary
science that aims to regenerate the structural and functional properties of biological tissues that have been damaged for any
reason. In this study, three-dimensional polylactic acid (PLA) scaffolds loaded with curcumin were fabricated and tested in
terms of morphological, chemical, mechanical, and biological properties with a tissue engineering approach for cardiac muscle
infections. In order to examine the effect of curcumin (CUR), three different amounts (10, 15, and 20 mg) were added into 17%
PLA, and three-dimensional scaffolds were produced. The morphological analyses with the scanning electron microscope
(SEM) showed that all the scaffolds had homogeneous pore distributions. As a result of chemical analysis with fourier transform
infrared spectroscopy (FTIR), it was observed that the addition of CUR shifted the peaks of the matrix structure. When the
tensile test results were examined, it was observed that the addition of CUR increased the tensile strength of 17% PLA and the
highest tensile strength (12.51+1.3 MPa) was found in the 17% PLA/20 CUR scaffolds. When the results of the 1, 3, and 7
days MTT test performed with the H9C2 cardiomyocyte cell line were examined, the highest cell viability (124.12%) was
found in the 17% PLA/15 CUR scaffold. When the antimicrobial test results against S. aureus and C. albicans strains were
examined, it was observed that the loading of CUR did not impart antimicrobial properties to the scaffolds. As a result of the
in vitro biodegradability test, it was observed that the rate of degradation increased with the loading of CUR.

Keywords: Cardiomyocyte; curcumin; myocarditis; PLA; tissue scaffold; 3D printing

I. GIRIS

Miyokard kalp kas1 olarak bilinir ve kalbin biiyiik bir boliimii miyokarddan olusmaktadir. Miyokardit, kalp kasimnin
(miyokard) iltihaplanmas1 olarak bilinmektedir. Miyokardit iltihabi, kalp kasi hiicrelerinin &liimiine ve
dejenerasyonuna neden olabilmektedir. Kalp kasi iltihaplarinin olusmasinin baslica nedenlerinin arasinda viriisler
olmak tizere bakteri, mantar, otoimmiin hastaliklar yer almaktadir.

Olusan kalp kasi iltihaplar hizla ilerleyebilir ve hatta 6liimciil sonuglanabilir [1, 2]. Kalp nakli, kok hiicre tedavisi,
hidrojel enjeksiyonu ve kardiyak doku miihendisligi dahil olmak tizere klinik ve klinik 6ncesi caligmalarda
kardiyak rejenerasyona yonelik birgok
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Kardiyakdoku

yaklagim bulunmaktadir. Doku miihendisligi, herhangi
bir nedenle yapisi bozulmus biyolojik dokulart yeniden
eski haline getirmeyi, yapisal ve fonksiyonel
Ozelliklerini onarmay1 amaglayan multidisipliner bir
bilim dalidr ve mihendislik bilgileri ile
biyomalzemeleri kullanarak doku hasarlarina alternatif
¢oziim sunmaktadir [3]. Doku miihendisliginin hizli
gelisimi, doku hasarlarinin tedavisi i¢in yeni yontemler
saglamistir. Kok hiicre teknolojisindeki biiytlik
basarilar, rejenerasyon amaciyla smirsiz sayida kok
hiicre tiirevi kalp hiicresinin saglanabilmesini miimkiin
kilmaktadir [2, 4]. Bir baska yeni yontem, hiicre
biliylimesini ve entegre hiicre olusumunu destekleyen
iskele veya yamalarin iretilmesidir [5, 6]. Doku
iskeleleri kullanilirken malzeme se¢imi, mekanik
ozellikler, yiizey oOzellikleri, bozunma hizi ve hiicre
kiiltiir kosullarina dikkat etmek gerekmektedir [7].
Biyomalzemeler, insan viicudundaki canli dokularin
islevlerini yerine getirmek amaciyla kullanilan dogal ya
da sentetik malzemelerin tiimiine denmektedir. Bu
malzemeler, siirekli olarak veya belli bir siire i¢in viicut
igindeki akigkanlar ile temas halindedir. Viicudun bu
malzemelere karst verdigi tepkiler son derece
onemlidir. Son  yillarda  biyomalzeme/doku
etkilesimleri iizerinde dnemli ¢aligmalarin yapildigi ve
bu c¢aligmalar neticesinde, viicudun dogal dokularini
yeniden  yapilandirmaya  yonelik  biyouyumlu
malzemelerin gelistirildigi goriilmektedir [7, 8]. Bu
calismada, PLA tastyict malzeme olarak, KUR ise
biyouyumlulugu arttirict  etken madde olarak
secilmistir. Kolajen, fibrinojen, kitosan ve jelatin, kalp
kast doku mihendisliginde kullanilan tipik dogal
polimerlerdir. Kollajen, fibrin ve polisakkaritler, etkili
hiicre farklilasmasini destekleme ve kalp hiicreleriyle
temast gelistirme kapasitelerini  gosteren dogal
polimerlerin ornekleridir. Bununla birlikte, dogal
polimerlerin ¢ogu, ortalamanin altinda mekanik
niteliklere sahiptir [9]. PLA gibi sentetik biyouyumlu

polimerler, daha yiliksek mekanik 6zellikler
gerektiginde alternatif bir ¢oziimdiir. PLA’ nin
endiistriyel uygulamalari incelendiginde medikal

malzeme, yap1 iskelesi, implant, medikal dikis ipligi,
hijyen tirlinleri ve kontrollii ila¢ salim1 gibi ¢ok ¢esitli
uygulamalarina rastlanmaktadir [10]. PLA
biyobozunur, biyouyumlu, yiiksek gerilme ve biikiilme
giicti gibi kabul edilebilir fiziko-mekanik o6zelliklere
sahiptir [11]. KUR, 1,6-heptadien-3,5-dion-1,7-bis(4-
hydroksi-3- metoksifenil)-(1E,6E) veya diferiilolmetan
olarak tanimlanmigtir [12]. Yaygin olarak zerdecal ismi
ile bilinen KUR, zencefilgiller ailesine (Zingiberaceae)
ait olan zerdegal (Curcuma longa, turmeric, zerde¢dp,
safran kokii, saritboya, zerdegav, hint safrani) bitkisinin
koklerinden elde edilir. KUR, hidrofobik yapili
polifenolik bir bilesik olup sari-turuncu pigmentli bir
maddedir [13]. Steroidler, bliyiime faktorleri, heparin,
nitrik oksit, gen aktarimi gibi kalp hastaliklarinda
kullanilan bazi ilaglar ve molekiiller vardir [14]. Son
caligmalar, KUR’un kanser, artrit, inflamatuar bagirsak
hastalig1, kardiyovaskiiler hastaliklar ve digerleri dahil
olmak Tlizere c¢esitli hastaliklarmm tedavisi i¢in umut

verici bir potansiyele sahip oldugunu gdstermektedir
[15]. Biyofonksiyonel doku iskelesi iiretimi igin ii¢
boyutlu yazici teknolojisi kullanilmistir. Ug boyutlu
yazici teknolojisi, doku miihendisligi uygulamalarinda
iskele {retmek i¢in kullanilan yeni nesil bir
teknolojidir. Geleneksel iiretim teknikleri arasinda
emiilsifikasyon, faz aywrma/ters ¢evirme, fiber
baglama, partikiil/tuz siizme, dondurarak kurutma ve
gazla koplirtme yer alir. Bu teknikler gézenek seklini,
gozenekliligi ve geometriyi yonetmekte zorlanabilir.
Geleneksel prosediirlerin avantajlari, 3D baski adi
verilen son teknoloji bir teknoloji ile asilabilir. Bu
teknolojinin yardimiyla, daha iyi hiicre gelisimi ve
yenilenmesini  destekleyen, belirli  formlara ve
gozeneklere sahip yapi iskeleleri olusturulmaktadir
[16]. Uc boyutlu yazici ile iiretilen iskeleler,
miilkemmel hiicresel etkilesimler ve yeni fonksiyonel
dokularin olugumu igin gerekli olan kiiciik gézenek
boyutlarina ve genis bir ylizey alanina sahiptir [17]. Son
zamanlarda 3 boyutlu baski teknolojisinin hizli gelisimi
ile karmasik li¢ boyutlu karmagik yapilarin tasarimi
kolaylasmis ve 3 boyutlu yazici teknolojisi ile
gozenekli kompozit malzemelerin hazirlanmasi uygun
hale gelmistir [18, 19].

Il. MATERYAL VE METOD

2.1. Malzeme

PLA 2003D, Nature Works LLC, ABD' den tedarik
edilmigtir. Kloroform (CHCls), Sigma Aldrich, St.
Louis, MO, ABD tarafindan saglanmigtir. KUR,
Sigma-Aldrich firmasindan tedarik edilmistir.

2.2. %17 PLA ve %17 PLA/(10, 15, 20) KUR

Soliisyonlarin Hazirlanmast

Hazirlanan ilk kontrol ¢ozeltisinde, 10 ml kloroform
¢oziiciisii icine 1.7 gram PLA eklenmistir ve manyetik
karnigtiricida 1.5 saat, 400 donme hizinda
karistiritlmistir. Ardindan KUR yiiklii soliisyonlar igin,
10, 15 ve 20 mg KUR %17 PLA ¢dzeltisi i¢ine ayr1 ayri
eklenmis ve 1 saat siliresince 400 rpm hizda
karigtirtlmistir.

2.3. U¢ Boyutlu Yazici Ile 2017 PLA, %17
PLA/(10, 15, 20) KUR Doku Iskelelerinin

Uretimi

Ug boyutlu doku iskelesi modeli, ii¢ boyutlu bir ¢izim
programi (Solidworks) kullanilarak tasarlanmistir ve
Slic3r yazilimi tarafindan G koda doniistiiriilmiistiir.
Iskele konfigiirasyonu, 20 mm x 20 mm x 0.1 mm
boyutlarinda kare sekilde tasarlanmstir. Ug boyutlu
doku iskelesi iiretimi i¢in ekstriizyon tabanl Hyrel 3D
(Engine HR, SDS-5 Extruder, GA, ABD) cihaz
kullanilmigtir. Hazirlanan ¢6zeltiler 10 ml hacimli
siringaya  koyulmus ve  cihazin  haznesine
yerlestirilmistir. 0.2 mm ¢apindaki igne ile 10 mm/sn
yazim hizinda ve 1 ml/saat akis miktarinda tiim
iskeleler iiretilmistir. Iskele doluluk oran1 %96 olarak
ayarlanmis ve toplam 7 katmana sahip iskeleler
iretilmistir.

2.4. Uretilen U¢ Boyutlu Doku Iskelelerinin
Karakterizasyonu
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2.4.1. Fourier dontistimlii kizilotesi

spektroskopisi ile kimyasal analiz

Uretilen ii¢ boyutlu doku iskelelerinin kimyasal
karakterizasyonu, fourier doniisimii kizil6tesi
spektroskopisi (FTIR, JASCO-4000) ile incelenmistir.
Tiim spektrumlar absorbans modunda 4 cm™
¢Oziiniirliik ile 4000-400 cm™! tarama araliginda
alimustir.

2.4.2. SEM analizi

Uretilen {i¢ boyutlu doku iskelelerinin mikroyapi
morfolojilerini gézlemlemek i¢cin SEM kullanilmstir.
SEM ile analize baglamadan dnce tiim iskeleler Au ile
60s boyunca kaplanmistir. Por boyutlar1 Image J
programi ile dl¢iilmiis ve SPSS programi ile histogram
olusturulmustur.

2.4.3. Ug boyutlu doku iskelelerinin
diferansiyel taramali kalorimetri (DSC)

cihazi ile termal analizi

25-200 ° C sicaklik araligr ve kalorimetrik 6lgiim
araligi: £150 mW olan Shimadzu DSC-60 Plus cihazi
kullanilarak, iiretilen {i¢ boyutlu doku iskelelerinin
termal davranis1 gozlenmistir. Yapilar, 25 °C/dakikalik
sabit bir 1sitma hizinda taranmugtir.

2.4.4. U¢ boyutlu doku iskelelerinin ¢ekme

cihazi ile mekanik analizi

Doku iskelelerinin gerilme-gerinim egrisi, tek eksenli
Shimadzu ¢ekme cihazi kullanilarak belirlenmistir.
Yapilar dogrudan ¢enelerin arasina yerlestirilmistir.
Analizden 6nce tiim 6rneklerin boyutlar1 ve kalinliklar
olgliliip sistem yazilimina kaydedilmistir. Analiz 5 kN
kuvvet altinda 5 mm/dakika ¢ekme hizinda
gergeklesmistir.

2.4.5. MTT testi

HO9C2 hiicresi, Amerikan Tipi Kiiltiir Koleksiyonun'
dan (ATKK' dan) satin alinan bir insan kardiyomiyosit
hiicre dizisidir. Hiicreler, %10 fetal sigir serumu (FBS),
%1 Penisilin/Streptomisin ile desteklenmis Dulbecco'
nun Degistirilmis Kartal Ortami1 (DMEM) iginde ve 37
°C' de ve %5 CO; atmosferinde inkiibe edilmistir.
Hiicre canliligii goérmek i¢in; tiim iskeleler 96
kuyucuklu plakalara konulmus ve UV ile sterilize
edilmistir. Kuyu basma 20.000 hiicre olacak gekilde 1
mL %10 fetal sigiwr  serumu (FBS), %l
Penisilin/Streptomisin takviyeli DMEM igerisinde, 37
°C ve %5 CO; atmosferinde tiim iskeleler inkiibe
edilmistir. DMEM giin asir1 degistirilmistir. Hiicre
canliligi, PBS (5 mg/ml) i¢inde ¢oziilmiis MTT reaktifi
(Sigma-Aldrich) kullanilarak 6l¢iilmiistiir. Hazirlanan
ana stoktan 100 pl alinmis ve %10 FBS, %l
penisilin/streptomisin ile desteklenmis DMEM igindeki
hiicreler ve iskeleler iizerine eklenmis ve 37° C, %5
CO;' de 3 saat siiresince inkiibe edilmistir. inkiibasyon
sonrasi, DMEM hiicre ortamindan geri ¢ekilmis ve
formazan kristalleri 500 pL dimetil siilfoksit (DMSO)
¢ozeltisi icinde ¢ozilmistir, ardindan 570 nm' de
absorbans degerleri Olciilmiistiir. Uretilen iskeleler
iizerinde  hiicre ekimi ve  proliferasyonunu
gozlemlemek i¢in floresan mikroskopisi kullanilmistir.
Iskeleler kiiltiirden 1. ve 3. giin sonra alinmis ve ii¢ kez

PBS soliisyonu ile yitkanmigtir. Hiicrelerin malzemeler
iizerinde fiksasyonu %4 paraformaldehit ile 30 dakika
stiresince yapilmig, DAPI solisyonu (1 pg/mL,
Invitrogen) ile boyanip 10 dakika karanlik odada
tutulmustur. Goriintiiler, Andor DSD2 konfokal birimi
ile yapilandirilmig Olympus BX-51 mikroskobu ile
¢ekilmistir.

2.4.6. KUR 'un iskelelerden salim

davranisinin incelenmesi

Ilag salim testinde ilk olarak 5 farkli miktardaki ilacin
(0.2, 0.4, 0.6, 0.8 ve 1 mL) absorbans degerleri
Olgiilerek ilaca ait lineer kalibrasyon egrileri
belirlenmistir. KUR’a ait absorbans piki 428 nm’de
gozlenmistir. Daha sonra ilag salimi i¢in, 5 mg KUR
yikli ti¢ boyutlu iskeleler hazirlanmig ve 1 ml fosfat
tamponlu salin (PBS) soliisyonu iceren eppendorf
tiiplere yerlestirilmistir. Tiipler, 37° C, 300 rpm' de bir
termal calkalayictya yerlestirilmistir. UV-goriiniir
spektrofotometre ile farkli zaman araliklarinda
Olciimler alinmis ve numunelere her 6l¢iimden sonra
taze PBS eklenmistir.

2.4.7. Antimikrobiyal aktivite testi

S. aureus (ATCC 29213) igin, bir giin 6nce %5 koyun
kanli Columbia Agar (COS; Biomerieux, Fransa)
besiyerlerine azaltma ekimleri yapilmistir. 35 °C’de bir
gece inkiibasyona birakildi. Mueller Hinton sivi
besiyerinde (MHB; Biomerieux, Fransa), 0.5
McFarland (1-5x10% cfu/mL) bulamklhiginda bakteri
siispansiyonlari hazirlanmigtir. Siispansiyonlar Mueller
Hinton E Agar (MHE; Biomerieux, Fransa) besiyerinin
tiim yiizeyi kaplayacak sekilde yayilmistir Daha once
UV 1sik altinda 10 dk sterilize edilen disk seklinde
kesilmis iskeleler esit mesafede olacak sekilde
besiyerleri iizerine yerlestirilmistir. Kontrol amagh
olarak %17 PLA diskler ve 30 pg amikasin
kullanilmigtir.  Besiyerler 37 °C’de 16-20 saat
inkiibasyona birakilmistir. Inkiibasyon sonrasi disk
¢evresindeki iireme inhibisyonuna ait zon ¢apt mm
cinsinden belirlenmistir. C. albicans (SC5314)
saboraud dekstroz agar (SDA; Biomerieux, Fransa)
besiyerine ekilmis ve 30 °C etiivde bir gece
inkiibasyona birakilmistir. Ureyen koloniler ile serum
fizyolojik i¢erisinde 0.5 MacFarland (1-5x106 cfu/mL)
bulanikliginda siispansiyon hazirlanmistir. Mantar
siispansiyonlart MHE agar besiyerine yayilmistir.
Diskler esit mesafede olacak sekilde yerlestirilmistir.
Kontrol disk olarak %17 PLA kullanilmistir. Diskler,
35°C’de 20-24 saat inkiibasyona birakilmistir.
Inkiibasyon sonrast disk g¢evresindeki iireme
inhibisyonuna ait zon c¢apt mm cinsinden Olciilerek
saptanmustir.

2.4.8. In vitro biyobozunurluk testi

Uretilen doku iskelelerinin biyolojik bozunma
davranist in vitro kosullarda test edilmistir. Yap1
iskelelerinin bozunma ozellikleri, zaman iginde
kiitlelerindeki degisiklikler izlenerek belirlenmistir.
Bozunma testi, 37°C’ de 1 mL PBS soliisyonunda (pH
7.4) yapilmustir. Iskeleler PBS ile birlikte eppeondorf
tiip icerisinde termal galkalayiciya konulmustur. Belirli
zaman araliklarinda, doku iskelelerinin kurumus
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agirliklari, bozunma davranislarini degerlendirmek igin
dlciilmiistiir. Iskeleler bir giin PBS icinde kaldiktan
sonra, diger giin PBS’den ayrilip etiivde 37°C’de 24
saat kurutulmustur ve kuru agirliklari not edilmistir.
Bozunma degeri (BD), asagidaki denklem kullanilarak
belirlenmisgtir.

BD = 2-%2 x 100 1)

Wy

Bu denklem, sirasiyla Wi ve W, ile temsil edilen,

bozulmadan onceki ve sonraki yapi iskelelerinin
agirliklarini temsil etmektedir.

III. SONUCLAR VE TARTISMA

3.1. FTIR Analizi

Sekil 1 ¢ boyutlu doku iskelelerine ait FTIR
spektrumlarin1 gostermektedir. %17 PLA’ ya ait temel
absorpsiyon pikleri, 1749 cm™ (C=0 titresimi), 1453
cm (CHj3 asimetrik makaslama), 1080 cm (C-O, C-
O-C, germe), 1042 cm™ (C-CHjs, germe) ve 867 cm™?
(C-COO, esneme) dalga sayilarinda gozlenmistir [11].
Sekil 1 (b, ¢, d), %17 PLA’ sirastyla 10, 15 ve 20 mg
KUR eklenmesiyle olusan spektrumlari temsil
etmektedir. Genel olarak bakildiginda, KUR eklenmesi
%17 PLA’ya ait temel pikleri onemli olmayan derecede
saga ve sola kaydirmustir. %17 PLA’ya KUR
eklenmesiyle spektrumdaki degisimler
onemsenmeyecek diizeyde olmustur. Bunun sebebi ana
polimer olan PLA, ilaca gore daha fazla oranda
kullanildigindan, PLA’ ya ait pikler baskin gelmistir
[20]. Mai ve arkadaglarmin yaptiklar1 ¢alismada, %5
KUR %8 PLA igerisine konulup elektroegirme teknigi
ile nanofiber tretilmistir. Calismada yapilan FTIR
analizine gore, yliksek PLA/KUR orani nedeniyle,
PLA'nin tipik pikleri hem saf PLA' da hem de KUR-
yiiklii PLA' da net ve giiglii bir sekilde gozlenmistir
[21]. Reddy ve Kim tarafindan yapilan bir ¢alismada,
PLA/KUR kompozit filmler ¢ift vidali ekstruder ile
dretilmistir ve FTIR ile yapilan kimyasal analiz
sonucunda, KUR ilavesinin PLA’nin temel piklerinde
bazi kaymalara sebep oldugu gozlenmistir [22].

400

Gegirgenlik (%)

100

CH; c-coo

: 60 c=0, ;
-lt:'IOO 2000 1000 400
Dalga sayisi (cm?)

Sekil 1. %17 PLA (a), %17 PLA/10 KUR (b), %17
PLA/15 KUR (c) ve %17 PLA/20 KUR (d)
iskelelerine ait FTIR spektrumlari.

3.2. SEM Analizi

3B bask: iskelelerinin gdzenek boyutunun, doku
miihendisligi  uygulamalar1  sirasindaki  islevleri
iizerinde dogrudan etkileri vardir. Agik gozenekli ve
birbirine bagli aglar, hiicre beslenmesi, gogi,
cogalmasi ve gecirgenligi nedeniyle doku olusumu icin
gereklidir [23]. Sekil 2, tretilen %17 PLA ve KUR
yikli %17 PLA doku iskelelerine ait SEM
goriintiilerini temsil etmektedir. Iskelelere ait SEM
goriintiilerine bakildiginda, tiim iskelerin homojen por
boyutlarina ve piiriizsiiz morfolojilere sahip olduklari
gozlenmektedir. Sekil 2a, %17 PLA doku iskelesine ait
morfolojik yapiy1 temsil etmektedir. 250X biiyiitmeye
ait goriintiiye bakildiginda, iskelenin porlarinin tiim
iskele boyunca homojen oldugu sdylenebilmektedir.
Sekil 2 (b, c, d), 10, 15 ve 20 mg KUR eklenerek
gretilen %17 PLA doku iskelesine ait morfolojik
goriintiileri temsil etmektedir. Iskelelere ait por
boyutlar1 %17 PLA, %17 PLA/10 KUR, %17 PLA/15
KUR ve %17 PLA/20 KUR igin sirasiyla 241.65+6.7
pm, 249.69+4.3 pm, 256.914+8.4 um, 248.92+8.4 pm
olarak Ol¢iilmistiir. Sonuglara bakildiginda, tiim yap1
boyunca iskelelerin homojen porlara ve por boyutlarina
sahip olduklar1 soylenebilmektedir. Ek olarak, KUR
yiiklii iskelelerin %17 PLA’ ya ait morfolojiyi
degistirmedigi gozlenmektedir.

,,,,,,

Frekans

Frekans

0
Por boyutu (um}

Sekil 2. Uretilen doku iskelelerine ait SEM
goriintiileri, %17 PLA (a), %17 PLA/10 KUR (b),
%17 PLA/15 KUR (c) ve %17 PLA/20 KUR (d).

3.3. DSC Analizi

Sekil 3, ti¢ boyutlu doku iskelelerine ait DSC egrilerini
gostermektedir. %17 PLA’ya ait erime sicakligi
yaklasik 150° C’ de gozlenmistir (Sekil 3a) [24]. Sekil
3b, %17 PLA/10 KUR doku iskelesine ait DSC egrisini
gostermektedir. Sekil 3b’de gorildigi tizere, %17
PLA’ya 10 mg KUR eklenmesi, erime sicakligini
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yaklagik 155 °C’ ye ¢ikarmigtir. 15 mg KUR eklenmesi
ise, %17 PLA’ nm erime sicakligini tekrar sola
kaydirmistir (Sekil 3c). Ote yandan 20 mg KUR
eklenmesi tekrar erime sicakhigini saga dogru
kaydirmistir (Sekil 3d). Sonuglara bakildiginda, %17
PLA’ya KUR eklenmesi, PLA’ nin erime sicakligini

kismi oOl¢lide arttirmistir fakat Onemli derecede
etkilememistir.
mw
0.0 |
5t
c))
10 |
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Sekil 3. Uretilen %17 PLA (a), %17 PLA/10 KUR
(b), %17 PLA/15 KUR (c) ve %17 PLA/20 KUR (d)
doku iskelelerine ait DSC egrileri.

3.4. Cekme Test Analizi

Cesitli konsantrasyonlarda KUR katkili iskelelerin
mekanik 6zellikleri gcekme testi ile incelenmistir. Tablo
1 ve Sekil 4 ¢ekme testi sonucunda malzemenin sahip
oldugu mekanik dayanimi gostermektedir. Sonuclara
bakildiginda, %17 PLA’nin ¢ekme dayanimi 1.21+£0.5
MPa ve kopma uzamasi %3 1.2+11 olarak bulunmustur.
%17 PLA’ ya KUR eklenmesi genel olarak ¢ekme
dayanimini arttirmistir. Fakat 10 mg KUR ile 15 mg
KUR eklenmis ii¢ boyutlu doku iskeleleri arasinda
cekme dayanim degerleri acisindan ¢ok fazla fark
yoktur. %17 PLA’ ya KUR eklenmesi kopma
uzamasini bilyiik oranda arttirmaktadir. En yiiksek
uzama (%137423), 10 mg KUR eklendigi zaman
gozlenmistir. 20 mg KUR eklenmesi ise malzemenin
kopma uzamasinda goézle goriiliir bir diisiise neden
olmustur. Bu durum, 20 mg KUR ilavesinin esnekligi
diistirmeye bagladigini gostermistir. Iskele
biitlinligiinii korumak i¢in yara tedavisinde yiiksek
gerilme mukavemeti degerleri ve kopmada yiiksek
uzama degerleri gereklidir [16]. Bu caligmadan elde
edilen sonuglar ile iretilen ti¢ boyutlu yara ortiilerinin
yara  tedavisinde  kullanilabilme  potansiyelini
gostermektedir.

Tablo 1. Uretilen %17 PLA, %17 PLA/10 KUR, %17
PLA/15 KUR ve %17 PLA/20 KUR doku iskelelerine

ait cekme dayanim ve kopmada uzama degerleri.

Cekme Kopmada
Dayaninmi  Uzama
(MPa) (%)
%17 PLA 1.21£0.5  31.2+11
%17 PLA+10 mg KUR  7.3240.3  137+23
%17 PLA+15 mg KUR  7.29+0.6  128.3%15
%17 PLA+20 mg KUR  12.51+1.3 47.4+17

Gerilim (MPa)

© B N W & U1 O N ® ©
= T T T T T T

: : L 1 1 : 1 L 1 L 3 1 1 1 1 L
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Uzama (%)

Sekil 4. Uretilen %17 PLA (a), %17 PLA/10 KUR
(b), %17 PLA/15 KUR (c) ve %17 PLA/20 KUR (d)
doku iskelelerine ait cekme dayanim grafikleri.

3.5. MTT Analizi

Uretilen doku iskeleleriyle Kkiiltiirlenen hiicrelerin
canlilik degerleri 1, 3 ve 7 giinliik inkiibasyon sonrast
incelenmistir ve sonug Sekil 5’ te verilmektedir. 1. Gilin
sonrasi elde edilen canlilik degerlerine bakildiginda, en
yiiksek hiicre canliligi (%124.12) %17 PLA/15 KUR
iceren doku iskelesinde gozlenmistir. En diisiik hiicre
canlilig1 (%84.71) kontrol grubu olan %17 PLA doku
iskelesinde g6zlenmistir. Bu sonuca bakildiginda, KUR
ilavesinin kardiyomiyosit hiicrelerin canliligina olumlu
yonde etki ettigini ve hiicrelerin ¢ogalmasini arttirdigi
soylenebilir. Ug giinliik kiiltiirden sonra, genel olarak
tim iskeleler i¢in hiicre canliligi ilk giine gore
diismiistiir. Uciincii giinde en yiiksek hiicre canlilik
orani (%99.56) %17 PLA/20 KUR doku iskelesine ait
olarak bulunmustur. Inkiibasyondan 7 giin sonra
hiicrelerin canlilik degerleri incelendiginde, %17 PLA
doku iskelesi hari¢, KUR yiiklii tiim iskeleler i¢in hiicre
canlilik degeri diismeye devam etmistir. Ugiincii ve
yedinci giinde hiicre canliliginin azalmasi, 6li
hiicrelerin ayrilmasindan kaynaklanabilir [25]. %17
PLA ile kiiltiirlenen hiicrelerin canlilik degerleri 7.
giinde, 3.giine gore tekrar artisa gegmistir. Genel
olarak, tiim sonuclar incelendiginde, tiim iskeleler icin
hiicre canlilik degerleri %70 ve yukarisidir ve bu durum
iskelelerin  toksik olmadigim1  ve biyouyumlu
olduklarini gostermektedir.
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Sekil 5. Kardiyomiyosit hiicreleriyle kiiltiirlenen
iskelelerin 1, 3 ve 7.giin sonrast hiicre canlilik
oranlari.

Iskeleler iizerinde  kiiltiirlenen  kardiyomiyosit
hiicrelerinin morfolojisini gdozlemlemek igin yapilan
floresan boyama goriintiileri Sekil 6’ da verilmistir.
Sonuglara bakildiginda, hiicrelerin iskeleler iizerinde
homojen bir sekilde dagildigi ve hiicre dagiliminin en
az oldugu iskelenin %17 PLA/20 KUR oldugu

gozlenmistir. Bu sonu¢ MTT ile uyumludur.
1. Giin 3. Giin

%17 PLA

%17 PLA/10 KUR

%17 PLA/15 KUR

%17 PLA/20 KUR

Sekil 6. Uretilen ii¢ boyutlu iskelelerin kardiyomiyosit
hiicreleriyle 1. ve 3. Giin inkiibasyonu sonrast floresan
mikroskop goriintiileri.

3.6. KUR 'un Iskeleden Salim Davranist

KUR’un salim profili, KUR yiikli %17 PLA doku
iskelelerinin belirli zamanlarda UV-spektrofotometre
ile alman  absorbans  degerleri  kullanilarak
belirlenmistir (Sekil 7). Sekil 7a KUR’a ait kalibrasyon
egrisini gostermektedir. Kalibrasyon egrisinin en
yilksek pik noktasinin sahip oldugu absorbans
degerlerini kullanarak elde edilen absorbans grafigi
Sekil 7b’ de verilmistir. Sekil 7c KUR’un iskeleden
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salim davranisini gostermektedir. Inkiibasyonun ilk 45
dakikas1 boyunca, %17 PLA/10 KUR, %17 PLA/1S
KUR ve %17 PLA/%20 KUR iskelelerine ait kiimiilatif
salim degerleri yaklasik %55, %48 ve %56 olarak
bulunmustur. {lk ani salimin nedeni doku iskelesi
ylizeyinde bulunan KUR’ un oncelikli salimindan
kaynakl1 olabilir [26]. 6 saatlik inkiibasyondan sonra,
kiimiilatif salim degerleri %17 PLA/10 KUR, %17
PLA/15 KUR ve %17 PLA/20 KUR doku iskeleleri
i¢in sirasiyla %99, %98 ve %99 olarak bulunmustur.
Sonuca bakildiginda, 6 saat iginde doku iskeleleri
igerisinde bulunan farkli miktarlardaki KUR’un
tamamen salindig1 soylenebilir. Ug boyutlu doku
iskelelerinin ila¢ tasima kapasitesi, katman sayist ve
kalinlig1 ile kontrol edilebilir [27], fakat bu ¢aligmada
tiim doku iskeleleri ayn1 katman sayisi ve kalinliginda
iiretildiginden benzer salim davranis1 gostermislerdir.

a) b)

Absorbans
2=
i

Absorbans, 428 nm

Y e
Dalga boyu (nm)

)

Kiimiilatif salim (%)

0 200
Zaman (dk)

Sekil 7. KUR’un %17 PLA doku iskelesinden

kiimiilatif salim davranisi.

3.7. Disk Difiizyon Test Sonuglart
Sekil 8 {i¢ boyutlu iskelelere ait antimikrobiyal aktivite
test sonuclarini gostermektedir. Inkiibasyon sonrasi
KUR yiiklii iskelelerin S. aureus ve C. albicans
suslarina kars1 antimikrobiyal aktivite gostermedikleri
gbzlenmistir. Bu sonug, KUR’un miktarinin az
ve Dbilesimi,
test edilen
farkliliklardan

olmasindan ya da KUR’un orijini
teknikleri,
vb. gibi

kullanilan  ekstraksiyon
mikroorganizmalar
kaynaklanabilir [28].

a)

bazi

Sekil 8. Uc boyutlu iskelelerin C. albicans (a) ve
S.aureus (b) suslarina kars1 gosterdikleri
antimikrobiyal aktiviteleri: %17 PLA (1), %17 PLA/10
KUR (1), %17 PLA/15 KUR (111) ve %17 PLA/20
KUR (IV).
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3.8. U¢ Boyutlu Doku Iskelelerinin

Biyobozunurluk Davranislart

Iskele bozunma siireci, doku miihendisligi alaninda gok
o6nemli bir rol dstlenir ve yeni doku miihendisligi
stratejilerinin ~ gelistirilmesine ve iyilestirilmesine
onemli 6l¢iide katkida bulunur [29]. Sekil 9 ii¢ boyutlu
doku iskelelerine ait bozunma  davranisini
gostermektedir. Sonuglara bakildiginda, iigiincli giin
sonunda en yiiksek bozunma oraninin (%140) %17
PLA/20 KUR iskelesine ait oldugu gdzlenmistir en
diisik bozunma orani1 (%96) ise %17 PLA doku
iskelesine ait olarak gozlenmistir. 5.,7., 9., 11., 13. ve
15. giinler i¢in de aym1 bozunma davranmigi devam
etmistir. Saylam ve arkadaglar1 yaptiklari ¢alismada, ti¢
boyutlu %17 PLA doku iskeleleri iiretmis olup igine
levedopa ilacin1 koymuslardir. In vitro kosullarda PBS
icerisinde yapilan bozunma testi sonucuna gore en
diisiik bozunma oranimin %17 PLA doku iskelesine ait
oldugunu ve ilag¢ igeren %17 PLA iskelelerinin %17
PLA iskelesine gore daha fazla bozunma oranina sahip
olduklarmi bulmuslardir [29].

200

180 1
160 1
140 {
120 F
100 4
20 1

60
— %17 PLA

%17 PLA/10 KUR

Bozunma orani (%)

40 1

%17 PLA/13KUR %17 PLA/15 KUR

20 4

0

1 3 5 7 9 11 13 15

Zaman (giin)

Sekil 9. Uretilen ii¢ boyutlu doku iskelelerin bozunma
davranis grafigi.

IV. SONUC

Sunulan ¢aligmada ti¢ boyutlu yazici ile PLA ve KUR
iceren Ui¢ boyutlu doku iskeleleri iretilmistir. KUR
ilavesi ile biyoaktivitenin arttirilmasi amaglanmistir.
Sonuglar incelendiginde, mekanik dayanim
ozelliklerinin KUR eklenmesiyle arttigi gézlenmistir.
FTIR analizi ile kimyasal etkilesimler incelenmis ve
sonuglara bakildiginda KUR ilavaesiyle %17 PLA
matrise ait piklerin kaydigr gozlenmistir. DSC ile
yapilan termal analiz sonucuna bakildiginda, KUR
eklenmesiyle termal geg¢is noktalarinda Snemli bir
degisiklik olmamistir. Biyouyumluluk sonuglari
incelendiginde, 15 mg KUR ilaveli %17 PLA doku
iskeleri ile kiiltiirlenen kardiyomiyosit hiicrelerinin
canlilik degerleri diger iskelelerle kiiltirlenen
hiicrelerin canlilik degerine gore daha fazladir. S.
aureus ve C. albicans suslarma karsi yapilan
antimikrobiyal aktivite testi sonucunda KUR yiiklii

iskelelerin  antimikrobiyal ozellik  gdstermedigi
bulunmustur.  Hiicre  canlilik  degerleri  ile
antimikrobiyal aktivite test sonuglar1 beraber

incelendiginde, 20 mg KUR igeren iskelenin hiicre
canliligimi diislirmeye basladig1 ve daha fazla miktarda
KUR eklenmesinin antimikrobiyal aktivite
saglayabilecegi fakat hiicre canliligimi olumsuz
etkileyebilecegi sonucuna varilmistir.
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Drops and Operating Costs

Bir Rekiiperatériin Basing Diigsiisleri ve Isletme Maliyetleri Goz éniinde bulundurularak
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Abstract

In this study, heat transfer and cost optimization of a gas-to-gas heat exchanger (recuperator) operating in the targeted
temperature range has been made. Firstly, the thermophysical properties of the waste heat source and the volumetric flow rates
of the flows were obtained, and the maximum heat that could be recovered was obtained. Afterward, a parametric study was
carried out to size the recuperator. The parameters affecting the cost, such as hot flow and cold flow outlet temperatures, were
determined by the overall heat transfer coefficient, effectiveness, and pressure drop. Finally, the thermal parameters obtained
from the parametric study are used in the technoeconomic analysis. The recuperator geometry with the maximum saving
coefficient was determined considering investment and operating costs. As a result, the 108 simulation resulted in maximum
savings with 653 252 $/year using 321.19 m? heat transfer surface area. Efficiency, overall heat transfer coefficient and pressure
drops for cold and hot flow were obtained as 0.65, 107.3 W/m2K 0.024 and 0.022 bar, respectively.

Keywords: waste heat recovery, cost optimization, dimension optimization, technoeconomy, recuperator

Oz

Bu ¢alismada, hedeflenen sicaklik araliginda galisan bir gazdan gaza 1s1 degistiricinin (rekiiperatdr) 1s1 transferi ve
maliyet optimizasyonu yapilmistir. Oncelikle atik 151 kaynaginin termofiziksel 6zellikleri ve akislarm hacimsel
debileri elde edilerek geri kazanilabilecek maksimum 1s1 elde edilmistir. Daha sonra rekiiperatorii boyutlandirmak
icin parametrik bir ¢aligma yapilmigtir. Sicak akis ve soguk akis ¢ikis sicakliklart gibi maliyeti etkileyen
parametreler, toplam 1s1 transfer katsayisi, etkinlik ve basing diisiisii dikkate alinarak belirlendi. Son olarak,
parametrik ¢aligmadan elde edilen termal parametreler teknoekonomik analizde kullanilmistir. En yiiksek tasarruf
katsayisina sahip rekiiperator geometrisi, yatirim ve isletme maliyetleri dikkate alinarak belirlenmistir. Sonug
olarak, 108. Simiilasyonda elde edilen geometrideki rekiiperatériin 321.19 m? 1s1 transfer yiizey alani ile yilda 653
252 § ile maksimum tasarruf saglayabilecegi tespit edilmistir. Etkenlik, toplam 1s1 transfer katsayis1 ve soguk ve
sicak akis igin basing diisiisleri sirastyla 0.65, 107.3 W/m?K 0.024 ve 0.022 bar olarak elde edilmistir.

Anahtar Kelimeler: Atik 1s1 geri kazanimi, aliyet optimizasyonu, boyut optimizasyonu, teknoekonomi,
rekiiperator

I. INTRODUCTION

The recovery of waste heat from industrial operations is crucial for reducing production costs and emissions in
addition to the effective use of energy in industrial processes. In particular, the flue gases between 900 °C - 1600 °C
arising from the high-temperature melting processes between 1650 °C-1750 °C in iron and steel production are
considered as a secondary energy source [1-3]. Heat exchangers, useful static devices operating without
consuming energy, are frequently used in industrial processes to utilize wasted thermal energy [4,5]. Gas-to-gas
heat exchangers (recuperators) located between the furnace and stack consists of tube bundles used for heat
recovery from flue gas in high temperature to combustion air used in the burning process [6,7]. Since the fluids in
recuperators are gas, the total heat transfer coefficient is lower than the liquid heat exchangers, so a relatively
higher heat transfer area is required. The increased surface area increases the volume that needs to be allocated
inside the factory to install heat exchangers and the investment costs. Therefore, the size optimization of the
recuperator should be done precisely to achieve heat recovery with the lowest heat transfer surface area and the
lowest cost [8,9]. Many methods and tools have been used for this purpose. For example, Dehaj and Hajabdollahi
[10] studied thermoeconomic optimization on fin and tube heat to achieve an optimum construction. They used a
multi-objective genetic algorithm to optimize the heat exchanger structure, employing effectiveness and total
annual cost in the objective function. They reached a maximum 6.65% increase in effectiveness value. S6ylemez
[11] studied the cost optimization of heat pipe heat exchangers using e-NTU and P;-P,methods. He achieved 50
$/(W/K) savings, optimum effectiveness of 0.8. Manjunath et al. [12] calculated entropy generation and made a
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thermoeconomic analysis of printed circuit heat
exchangers by different construction materials. As a
result, although hastealloy-N showing a higher second

law efficiency than stainless steel, it is not cost-effective.

Sahin et al. [13] studied numerically using cost and
performance analysis on counterflow single-pass heat
exchangers. They used heat transfer rate cost as an
objective function considering total exergy loss and
investment cost. They achieved the maximum objective
function value while the heat capacity ratio is 1, NTU
is 12, and effectiveness is 0.93. Maghsoudi et al. [14]
studied a thermoeconomic investigation to improve the
performance of plate-finned recuperators by employing
the NSGA-II algorithm and DEA model. Consequently,
they achieved 0.81 effectiveness and 0.716 kPa
pressure drop with 326 688 $ cost. Zhenyu and Huier
[15] studied the optimization of design parameters
using a multi-objective optimization model considering
heat transfer performance, heat exchanger weight, and
pressure loss. As a result, they discovered that
corrugated foil geometries should be avoided for better
performance. Hu et al.[16] studied the 1-D dynamic
model of an S-CO2 cycle recuperator considering the
physical properties of the flows, temperatures, and
pressures using MATLAB. They have discovered the
physical properties variations of the flows in
recuperator depending on time domain in detail. In
order to achieve high heat flux, Chen and Liu [14]
researched the design of the recuperator in Hampson
cryocoolers based on the low pressure drop theory
rather than the low temperature difference [17]. As a
result of the study equivalent average temperature was
decreased by 30%. As summarized in previous studies,
most of the studies are focused on the dimensions,
temperature distributions and heat flux etc., with
limited variations and without considering the
investment and operating costs with the aid of artificial
intelligence algorithms. However, there is wide gap in
the researches on comprehensive studies performed on
numerous options using well developed commercial
software and considering the both the investment and
operating costs in order to determine the optimum
geometric dimensions, effectiveness, pressure drop and
heat transfer coefficient that providing maximum
saving.

This study focuses on the sizing of a gas-to-gas heat
exchanger was studied parametrically using the
Simcenter Flomaster software. The optimum heat
exchanger dimensions with the lowest saving
coefficient were precisely determined. Firstly, the flow
rates and temperatures of the recuperator flue gas and
fresh air to be heated were selected. Afterward, the
recuperator was modeled 1-D parametrically in
Simcenter Flomaster software. Simulations were made
by giving the initial dimensions. In addition,

dimensionless savings coefficients were obtained for
each simulation result using the factory thermal energy
production costs and unit cost of heat transfer area.
Finally, optimal recuperator dimensions have been
determined considering the furnace operating
conditions. Thus, the thermal, dimensional and
economic optimization of a recuperator has been
realized in a versatile way.

II.LMATERIALS AND METHODS

This study consists of three main steps: determining the
operating conditions under operating conditions,
simulating the recuperator dimensions parametrically
and economic optimization.

1.1. Operating conditions

In the facility where the recuperator will be operated,
the combustion air used in the reheating furnace is
heated with the flue gas. The flue gas temperature and
flow rate were measured with Testo 350 flue gas
analyzer to obtain the thermophysical properties, flue
gas mass flow rate. As a result of the flue gas analysis,
flue gas contains 6.2% O3, 7.8% CO», 15.9% H,0 and
70.1% Na. The flue gas and atmospheric air temperature
values are 650 °C and 20 °C, respectively.

The flue gas content and volumetric ratios were
identified in the Simcenter Flomaster software. The
heat transfer coefficient, specific heat, dynamic
viscosity, and kinematic viscosity values of the flue gas
were calculated depending on the temperature variation.
Thus, the simulations were carried out according to
changing temperatures to flue gas and combustion air
thermophysical properties.

1.2. Recuperator dimensions

Flue gas rejected from the furnace with a mass flow rate
of 12.5 kg/s and a temperature of 650°C enters the
recuperator as mixed crossflow through the banks of
tubes. Unmixed internal flow of combustion air with a
mass flow rate of 8.3 kg/s and a temperature of 20 °C
enters the recuperator. To avoid H,O concentration in
the flue gas condensing, the outlet temperature of flue
gas is anticipated to be greater than 120°C. The flows'
outlet pressures were set at 1 bar. The general layout of
the entire process that the recuperator installment
proposed is given in Figure 1. Cold flow has two
passages, and hot flow has one passage across the
recuperator, as shown in Figure 2a. The recuperator
pipe arrangement has been chosen as an aligned
arrangement.
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Figure 1. Flow chart of the total system for the proposed recuperator.

One dimensional model of the flow paths in the
recuperator was modeled using Simcenter Flomaster
software, as given in Figure 2b. Simcenter Flomaster is
helpful software that can model one-dimensional
thermo-fluid systems. It permits the creation of virtual
networks and models the behavior of thermo-fluid
systems under various conditions, including steady-
state and transient. It is also possible to model existing
"real world" systems to predict behavior under varying
conditions or design new techniques, to develop a
virtual version before committing to building it.
Simcenter Flomaster contains the calculations, curves,

and surfaces required to predict the behavior of a range
of fluid systems. These calculations are held in
Component Analytical Models (CAMs), which form
the basis of "components" building blocks of virtual
fluid systems. It simulates fluid systems parametrically
as networks that comprise connected components, each
with its own set of results, such as volumetric flow rate,
total heat flow, and pressure. Additionally, different
types of simulation (depending upon your license type),
such as incompressible, compressible, heat transfer and
two phases, are also possible to simulate accurately [18].

Cold flow inlet, Cold flow

Cold flow |20°C, 8.3 kg/s
outlet

a)

6

0000

>

Hot flow
outlet

0ooooo

F

Cold flow
source

Tube lenght \

e

pressure source

e

7

Hot flow
% source

© 1.

b)

000000

Flow source

Temperature probe

Pressure source

0oooo !,\_

5 e

Hot flow
pressure source

Flow passages

Flow sources permit the definition of mass flow rates
and inlet temperatures o the flows. Pressure sources are
used for the pressure conditions through the flow.
Temperature probes are imaginary measurement

Figure 2. The general arrangement of the recuperator: a) 3D model, b) cell model.

devices to read the temperature values of the nodes
between the passages and the sources. In this study, two
flow and pressure sources for hot and cold flow, four
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temperature probes, two for outlets and two for the
nodes between the passages were

defined. By the way, temperature variation can be
monitored easily at the desired location of the flows, as
demonstrated in Figure 1b.

The comprehensive list of parametric dimensions and
the relations between the parameters for simulating the
recuperator are given in Table 1. The pipe material was
selected as steel with 0.08% Carbon content.

Table 1. Parameters and the relations in Simcenter Flomaster simulations.

Relations and
Property Value constants
intervals
Tube Arrangement Aligned -
No. of tube rows per pass [TRP] 20-40
No. of tubes per row [TR] 20-40
Tube transverse pitch [m] [PT] [Do]*1.5
Tube longitudinal pitch [m] [PL] [Do]*1.5
Tube material Steel-Low Carbon | Steel-Low Carbon
0.008% 0.008%
Tube inner diameter [m] [Di] 0.0127-0.03
Tube outer diameter [m] [Do] [Di]+0.0015
Tube length [m] [TL] 2-3
Shell width [m] [SW] ([TRP]+1)x[PL]
Shell length [m] [SL] 2-3
Shell height [m] [SH] ([TR]I+Dx[PT]

According to the options given in Table 1, simulations were carried out for 135 different recuperator sizing in total.

1.3 Thermodynamic analysis
1.3.1. External Flow

In this study the tube arrangement over the banks of
tubes were selected aligned arrangement. Diagonal
pitch is calculated using the following equation;

Sp = [SLZ + (%T)Z] (1)

For the aforementioned correlation, the Reynolds
number Repmax 1S based on the highest fluid velocity
happening inside the tube bank,

[d% D
Repmax = % ()

From the mass conservation requirement for an
incompressible fluid, Vi occurs for the aligned
arrangement at the transverse plane 4,

St
St—D

)

max =

The pressure drop, which may be stated as, is directly
related to the power needed to transport the fluid over
the bank, which is frequently a significant operational
expenditure,

AP = Ny (Znex) ¢ )

Note that y = 1 for both square and equilateral triangle
arrangements. Friction factor is obtained from the
related diagrams from [reference] according to the
Reynolds number.

Nusselt Number for external flow;
_ mp,.0.36 ( PT. 025
Nu = CRe™Pr (P) (5)

Here C and m are constants reveived from the related
tables from reff [19] Pr and Prs are the Prandtl number

under initial and average temperature values
respectively.
The power required considering pressure drop;
; AP
Woump = e (6)

1.3.2. Internal Flow

Due to the accuracy between 0.5<Pr<2000 and
3x10°<Re<5x10°® Gnielinski equation Nusselt number
was calculated using the following;
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m = pu,A, (7
Rep was calculated with Equation 8.

4m
ReD = m (8)

The friction factor (f) in internal flow is a function of
internal surface condition. It is unimportant on smooth
surfaces but increases with the increase of internal
surface roughness. Equation 6 was used due to giving
best results on smooth surface conditions.

f =0.316Re, *?°, Rep, < 2.10* )

Nusselts number in internal flow was calculated with
Equation 10.

g(Re—moo)Pr

Nu = (10)

f 2
1+12.7(§)°-5<Pr3—1>

Heat convection coefficients for both flows are
calculated using the following equation;

Nu == (11)

Overal heat transfer coeffient U was calculated for the
cylindrical shapes as given in Equation 12.

1

v= Lylipla 1 (12)
hy k'™ r1 r2’hy
1.4. Thermoeconomic analysis

For economic savings to be maximum, the efficiency,
the number of transfer units (NTU) and heat transfer
surface area must be optimum. Therefore, the total
saving S ($/year) in a facility using thermal energy is
given by Eq. 13 [20].
S=P-E (13)

P ($/year) is the annual profit gained by the
recuperator's establishment as calculated in Eq. 2, and
E ($/year) is the yearly cost of the recuperator as
calculated in Eq.'s 14-18.

P = Gty + 1) Tp€Comin (Thi — Te1) (14)

Where 3, and ». are the thermal energy production unit
cost and cooling unit cost of flue gas ($/kWh), T3 is
annual operating time, ¢ is the effectiveness of the heat
exchanger, Cy, is the minimum heat capacity.

E = 1 Arz + (W), — W) Ty, (15)

Where 5, ($/m?) is the unit cost of heat transfer surface
area, , electricity cost (§/kWh), 4z (m?) is the overall

heat transfer surface area, and z (l/year) is the
depreciation coefficient, W}, (kW) power requirement
for hot flow, W, (kW) power requirement for cold flow.
The recuperator investment cost is defined as functions
of thermal or size-related parameters to form the
investment cost and the maintenance costs, interest
rates and life of the plant as in Eq 16 [21]. The life of
the recuperator is taken as five years, while the overall
plant life is assumed as 30 years. Therefore, the
investment cost of the recuperator is multiplied by six
for a more precise product cost estimation. The thermal
energy production unit cost required for the processes
is calculated as 0.023 $/kWh.

7 =2 PEChe (16)

Where CRF is the capital recovery factor, ¢ is the
maintenance factor. PEC is the purchase equipment cost
of the recuperator, 7 is the indicates the operating
duration in seconds. CRF is defined as a function of
interest rate (7) and annual operation period (n) as in Eq.
(17[22]:
i(1+)"
CRF = # (17)
Where the annual operation period, the maintenance
factor, and the interest rate are taken to be as 8640 h,
1.12 and 15 %, respectively [23], PEC for the
recuperator is calculated by Eq. (18) [24,25].

PECge. = 2681A45%°° (18)
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III. RESULTS AND DISCUSSIONS

In this study, the dimensions of a recuperator are
optimized considering the economic gains. First,
information such as flue gas mass flow rate, content,
and operating conditions temperature were obtained.
Then, flue gas temperature and its components have
been defined in Simcenter Flomaster software together
with component ratios to consider the changing
thermophysical properties of the flue gas depending on
the temperature. As a result of the simulations, heat
exchanger areas, hot flow and cold flow outlet
temperatures, total heat recovery, pressure drops for hot
and cold flow and heat exchanger effectiveness were
obtained for 135 different recuperator options. While
. On the contrary, as the simulation number increases,
savings values first increase and then decrease. For
example, although maximum profit is observed in the
123rd simulation with 861 862 $/year and minimum
expense is observed in 7% simulation with 128 119
$/year, Fig. 2 indicates 108" simulation that gives the

determining the optimum recuperator dimensions, the
cost of the heat exchanger and the decrease in the fuel
consumption occurring after heat recovery were
considered. Therefore, recuperator sizes that maximize
the annual savings were preferred, and results were
discussed. As the simulation number increases in a
general view of Fig. 2, the cost value increases as the
recuperator dimensions increase.

Similarly, as the heat transfer surface area rises
depending on the size of the heat exchanger, it increases
the heat recovery, and the profit values also increase

maximum saving with 653 372 $/year. Due to the
maximum saving value, the optimum expense for the
investment and maintenance of the recuperator and
optimum profit after recuperator investment are
observed as 189 358 $/year and 842 730 $/year,
respectively.

1000000  —Saving Maximum profit
900000 | _Lxpense Optimum profit .
§ 800000
2700000
&,
@ 600000
§ 500000
© 400000 Maximum saving
§ 300000 Minimum expense OPHMum expense
& 200000
100000 !
0 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140
Simulation Number [-]

Figure 3. Economic evaluation versus simulation number.

When Fig. 3 is examined, it is seen that the highest cold
flow outlet temperature and the lowest hot flow outlet
temperature are in the 123rd simulation with 556.5 °C
and 307.2 °C, respectively. The heat transfer surface
area required to achieve these outlet temperatures is
428.2 m?. Similarly, starting from Fig. 2, in the 108"
simulation, which gives the highest economic saving
value, the cold and hot flow outlet temperatures and
heat transfer surface areas are 545.12 °C, 315.12 °C and

321.2 m?, respectively. The heat transfer surface area
determined in simulation 108 is exactly 25%lower than
the 123" simulation result, which gives the highest cold
flow temperature and the lowest hot flow temperature.
Whereas the cold flow outlet is 11.38 °C lower and the
hot flow temperature is 7.92 °C higher. Therefore, with
the minor losses in the outlet temperatures, the heat
transfer surface area and investment cost are reduced
significantly.
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Figure 4. Outlet temperatures of flows and heat transfer surface area versus simulation numbers.

Fig. 4 shows the change in recuperator efficiency and
heat recovery values. As a result of the 123rd simulation,
where heat recovery and efficiency are the highest,
efficiency and heat recovery are observed as 0.67 and
4660.7 kW, respectively. However, for the maximum

saving value, the optimum effectiveness and optimum
heat recovery value were obtained as 0.65 and 4557.27
kW, respectively. Thus, 12 134 $ higher annual saving
is possible, with a minor decrease in heat recovery and
efficiency.

1 ¢ Optimum heat Maximum heat - 5000
recovery recovery
09 F - T T T T - 4500
—08 - 4000 g
) - 3500 >
o 0.7 ]
N e Al ey Pl - 3000 3
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] - 2500 ﬁ
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Simulation Number [-]

Figure 5. Effectiveness variation versus simulation numbers.

Figure 5 shows the pressure drops in hot and cold flow
according to the simulation number. The highest-
pressure drop is observed in both flows as 0.202 bar, in
the 31st simulation in hot flow and the third simulation
in cold flow. Since these pressure drops increase
electricity consumption, the recuperator's annual

operating costs increase. In the 108" simulation, the
optimum pressure drop for hot and cold flow is
observed at 0.0225 bar and 0.0248 bar, respectively.
The corresponding required power inputs for
overcoming the pressure drops were given in Figure 6.
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Figure 6. Pressure drop variation for hot side and cold side versus simulation number.

Pressure drops in heat exchangers in applications
operating continuously for whole years cause electricity
consumption tremendously depending on the
volumetric flow rates and the constructions. Here,
electricity consumption varies in a wide range between
1814.9 $/year and 178654.2 $/year due to pressure
drops. For optimum pressure drop values, electricity

consumption for hot and cold flow is observed at
17409.80 $/year and 10015. 08 $/year. The total
electricity consumption for each flow is observed at
27424.89 $/year. To understand the relation between
the pressure drop and geometry of the recuperator,
Figure 7 exhibits significant results.

200000 —Total Electricity Consupmtion
180000 | —Hot Flow Electricity Consumption
= 160000 —.Cold FloW Electricity Consumption
o Maximum electricity
= 140000 consumption
= 120000 . .
8 Optimum electricity
© 100000 [ consurpption values
£ 80000 |
E 60000
m 40000
20000 [
0
0 20 40 60 80 100 120 140
Simulation Number [-]

Figure 7. Electricity consumption for the pressure drops.

Figure 7a represents the geometric values of shell
height (SH) and shell width (SW). SH and SW values
increase depending on the number of tubes per row,
number of tubes per row (TP), and tube rows per pass
(TRP). Figure 7b demonstrates the repeating geometric
values Do, Di, PL, and PT through the simulation, such

as the inner and outer diameter of the tubes and
transverse and longitudinal pitches. According to the
variations in geometric values in Figures 7a and 7b, the
overall heat transfer coefficient (OHTC) variation is
depicted in Figure 7c. According to the optimum values
in simulation 108, OHTC is 107.04 W/m?K.
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Figure 8. Overall heat transfer coefficient and recuperator dimensions versus simulation number.

The geometric and thermal results summarized in
Figure 6 and Figure 7 are listed in Table 2 in detail for
maximum saving. According to geometric properties in
simulation 108, the Shell length and tube length are 3
m, inlet and outlet diameters of the tubes are 0.0127 m
and 0.0142 m, respectively. The effectiveness of the
recuperator is determined as 0.652, and outlet
temperatures of the flow rates are observed as
315.12 °C and 545.11°C for hot and cold flow,

respectively. In addition, the Temperature distribution
is monitored in detail in Figure 8 in the passages.
Temperatures between hot and cold flow passages are
521.5 °C and 345.7 °C, respectively. Hence, the
temperature increase of cold flow in the first passage is
325.7 °C, and in the second passage, 199.2 °C. In
addition, the temperature decrease of hot flow in the
first passage is 128.5 °C, and in the second passage,
206.38 °C.
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Table 2. Optimum dimensions and properties in simulation 108.

Dimension Value Unit
[SL] 3 [m]
[Di] 0.0127 [m]
[Do] 0.0142 [m]
[TL] 3 [m]
[SW] 0.6603 [m]
[PT] 0.0213 [m]
[PL] 0.0213 [m]
[SH] 0.8733 [m]
Property
OHTC 107.0396 | [W/m?K]
Hot Flow Outlet Temp. 315.1243 [°C]
Cold Flow Outlet Temp. | 545.1196 [°C]
Total Surface Area 321.1964 [m?]
Effectiveness 0.65247 [-]
Total Heat Recovery 4557.27 [kW]
Cold Flow Pressure Drop | 0.024848 [bar]
Hot Flow Pressure Drop | 0.022489 [bar]
7
54512 10
545.12°8 &) -
&
| oo ° . l 587
345.7°C2 : n..
521.5°C 3 @' 1 B
1 - & — 398
@ 7o s % — 335
e simsemisasd §—272
200 4 , 8 315.12°¢ ® _:: 20
7 < =146
a0 |
2 H 20
| G 5
Result No. 5362
d 315.12°C

Considering the tubular recuperator optimization, the results obtained in this study seem to be compatible with the
literature when compared with the results in the comprehensive review studies by [26] and [27].
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Iv. CONCLUSIONS

The gas-to-gas heat exchanger (recuperator)
dimensions intended for an iron and steel plant have
been optimized by considering economic parameters.
Simulations were made for 135 different sizes in the
recuperator by parameterizing the shell length, height,
tube length, and longitudinal and transverse distances.
For the recuperator's simulation results, the
recuperator's investment costs and the energy
consumption corresponding to the pressure drops were

Nomenclature

Symbols

Ac: Crossectional area [m?]

H: heat convection cefficient [W/m?K]
SD: Diagonal pitch [mm]

SL: Longitudinal pitch [mm]
ST: Transverse pitch [mm]

V: velocity [m/s]

D: diameter [mm)]

p: density [kg/m?]

p: dynmic viscousity [kg/ms]
AP: pressure drop [bar]

N: pipe number [-]

y: correction factor [-]

f: friction factor [-]

¢: Effectiveness [-]

m: massflow rate [kg/s]

um: meal velocity [m/s]

U: overall heat transfer coefficient [W/m?K]
k: heat conductivity [W/mK]

r: radius [mm)]

S: saving [$/year]

P: profit [$/year]

E: expense [$/year]

%: unit cost [$/kWh]

TB: Operating time [hour/year]
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Region

Ezgi CABUK SAHIN !
!Department of Biology, Faculty of Science and Arts, Marmara University, 34722, Istanbul, Turkey

Abstract

The phylogeny of five species in the genus Pistacia was assessed using the plastid rbcL gene region. Total genomic DNA was
isolated from plant leaf and polymerase chain reaction (PCR) with primer of rbcL gene region and DNA sequencing were
performed. Using obtained sequence data, phylogenetic and PCoA (Principle Component Analysis) analyses were performed
for reveal the phylogenetic relationships among Pistacia species. According to the result of phylogenetic analysis, closer
grouping in clades was observed between P. vera; P. khinjuk and P. atlantica; between P. palaestina and P. terebinthus. Result
of PCoA analysis supported the result of phylogenetic analysis. As a result, rbcL gene region was found powerful at species-
based grouping. Revealed sequence information of chloroplast gene region is reliable to elaborate a molecular database to
conduct breeding programs on local pistachio gene pool.

Keywords: Pistacia, chloroplast gene, rbcL, phylogeny.

Oz

Pistacia cinsindeki bes tiiriin filogenisi, plastid rbcL gen bolgesi kullanilarak degerlendirilmistir. Bitki yapragindan tim
genomik DNA izole edilmis ve rbcL gen bolgesi primeriyle polimeraz zincir reaksiyonu (PZR) ve DNA dizilemesi yapilmustir.
Elde edilen dizi verileri kullanilarak Pistacia tiirleri arasindaki filogenetik iligkileri ortaya ¢ikarmak i¢in filogenetik ve PCOA
(Principle Component Analysis) analizleri gergeklestirilmistir. Filogenetik analiz sonucuna gére, P. vera, P. khinjuk ve P.
atlantica arasinda; P. palaestina ve P. terebinthus arasinda dallarda daha yakin gruplagsma goézlenmistir. PCOA sonuglari
filogenetik analiz sonucunu desteklemigtir. Sonug olarak, rbcL gen bélgesi tiir bazhi gruplandirmada gii¢lii bulunmustur.
Kloroplast gen bolgesi dizi bilgisi, yerel fisttk gen havuzu {izerinde yiiriitiilecek 1slah programlar1 kapsaminda hazirlanacak
molekiiler bir veri tabani i¢in giivenilirdir.

Anahtar Kelimeler: Pistacia, kloroplast geni, rbcL, filogeni.

I. INTRODUCTION

Pistacia is a genus of aromatic trees of the cashew family that belongs to the Anacardiaceae family, which includes
approximately 70 genera and 600 species. It contains pistachio (Pistacia vera) and several therapeutic plants.
Pistachio's economic value stems from its status as one of the world's most popular nuts. Furthermore, pistachio
has significant oil content, accounting for around 50-62 % of its weight. Other species and sub-species that produce
smaller nuts and are mostly utilized as rootstocks or in oil, agroforestry, lumber production, and carpentry include;
P. integerrima, P. kinjuk, P. atlantica, P. lentiscus, P. cabulica, P. chinensis, P. terebinthus, P. mutica P. falcata,
P. kurdica, P. palaestina [1].

Regardless of their manner of conservation, cultivars and accessions require accurate identification. Conventional
techniques of identification and characterisation might be problematic at times. Current cultivar identification and
breeding programs use molecular approaches since morphological markers are time-and environment-consuming.
Molecular markers provide significant benefits in breeding and reliable selection under various environmental
conditions, and they also speed up the process of breeding by allowing elite varieties to be selected by identifying
specific genes/genotypes throughout populations that have crossed [2, 3]. DNA markers are powerful tools for
estimating and evaluating genetic diversity, DNA fingerprinting, evolutionary relations within and across cultivars,
and better selection performance in plant breeding by marker-assisted selection for complex characteristics [4].

The phylogeny of the genus Pistacia has rarely been studied, with most studies relying on morphological analysis.
The first molecular characterization study of pistachio (P. vera) was done by Hormaza et al. [5]. Researchers
determined the relationship between 15 pistachio varieties using the RAPD technique. Using cpDNA sequence
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data, Parfitt and Badenes [6] categorized Pistacia
species at the molecular level and divided the genus
into Lentiscus and Terebinthus. Then, Kafkas and Perl-
Treves [7] morphologically and molecularly defined
Pistacia species in Tirkiye, and the researchers
revealed the misidentification of P. khinjuk Stocks as
P. eurycarpa, which had already been reported by
Yaltirik [8]. In another research, Kafkas and Perl-
Treves [9] used RAPD markers to classify nine Pistacia
species, determining that P. palaestina Boiss. is a
subspecies of P. terebinthus L. and dividing the genus
into two sections. At the molecular level, Werner et al.
[10] characterized P. saportae Burnat. as a hybrid
between P. terebinthus and P. lentiscus. Pistacia
species were identified in Israel and Greece using
AFLP and RAPD markers, respectively, by Katsiotis et
al. [11] and Golan-Goldhirsh et al. [12].

Molecular systematics can benefit from the
identification of polymorphic loci in chloroplast
genomes [13]. The chloroplast genes matK, ndhF,
atpB, atpB-rbcL, rbcL, rps4-trnS, rpll6, rpsi6, trnS-G,
trnL-F, trnH-psbA, etc are now used for phylogenetic
studies at several taxonomic levels within organelle-

based markers [14]. These chloroplast genes can be
used as potential plant DNA barcoding markers [15].
The key DNA barcodes for reliable determination of
plants are matK and rbcL, according to the Consortium
for the Barcode of Life (CBOL) [16]. The rbcL gene
has the advantages of being easy to amplification,
sequencing and alignment in many land plants, and
being a useful DNA barcoding region for plants at the
family and genus level [17, 18, 19, 20]. The aim of this
study is to identify Pistacia species using rbcL
chloroplast gene region and to reveal their
relationships.

1. MATERIAL AND METHOD

2.1. Plant material

Five Pistacia species of which each species contains
two specimens (Table 1) from Pistachio Research
Institute (Gaziantep, Turkey) were used as plant
material. Anacardium excelsum (Accession no:
JQ590132.1) from Anacardiaceae family was used as
an outgroup.

Table 1. Pistacia species used in this study.

Z
o

Species

© 00 N O O b WDN P

[y
o

Pistacia terebinthus 1
Pistacia terebinthus 2
Pistacia vera 1
Pistacia vera 2
Pistacia palaestina 1
Pistacia palaestina 2
Pistacia khinjuk 1
Pistacia khinjuk 2
Pistacia atlantica 1
Pistacia atlantica 2

2.2. Genomic DNA Isolation and PCR Amplification
The Doyle and Doyle technique [21] which is
modified by Kafkas et al. [22] was used to isolate total
genomic DNA using Pistacia young leaf tissues. The
Qubit 2.0 fluorometer was used to determine the

concentration of isolated DNA using the Qubit
dsDNA BR Assay Kit.

rbcL gene region of chloroplast genome was amplified
using universal primer with accession number and
sequence information given in Table 2.
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Table 2. Accession number, primer sequence and reference of the rbcL gene used in the study.

Gene Accession Number

Sequence (5°-¢3) Reference

rbcL AF275990

PCR amplification reactions were performed using
1xPCR buffer, 2.5 mM MgCl,, 0.025 U Tag DNA
polymerase, 0.2 mM dNTPs, 0.4 uM forward and
reverse primers, and 4 ng of genomic DNA in final
volume of 25 pl reactions. Amplification was
performed as follows: 94°C for 3 min, followed by 40
cycles of 94°C for 1 min., 60 °C for 1 min. and 72°C
for 1 min, followed by an elongation step for 72°C for
10 min.

2.3. Sequence Analysis

For DNA sequencing of rbcL gene region, PCR
products were purified with the ChargeSwitch-Pro PCR
Clean-up Purification Kit. After the quantitative
measurement of PCR products by Qubit 2.0
fluorometer, cycle sequencing reactions were
performed with ABI BigDye Terminator v3.1 Cycle
Sequencing Kit. The cycle sequenced products were
cleaned with Applied Biosystems BigDye XTerminator
Purification Kit and purified PCR products were
sequenced with ABI 310 Genetic Analyzer. The results
were carefully analysed by comparing the
electropherograms and the sequence data.

2.4. Data Analysis
The UPGMA (Unweighted pair-group method of
arithmetic average) approach was used to do

F: gTggACTgATggACTTACC
R: CgATgAATgTgAAgAAgTAQgY

[23]

phylogenetic analysis based on DNA sequence data.
Following the bootstrap test (100 replicates), the
percentages of replicate trees in which the related taxa
grouped together can be seen next to the branches). The
Kimura 2-parameter method was used to calculate the
evolutionary distances with MEGAL1l software.
Genetic diversity assessment was carried out by
Principal Coordinates Analysis (PCoA). Using
MEGAL1 software, the specimens were pairwise
aligned and pairwise distance was computed based
Kimura 2-parameter model. Finally, GenAlEx 6.4
program was run to evaluate genetic distance.

I1l. RESULT AND DISCUSSION

rbcL chloroplast gene region was used to discover
polymorphisms for five Pistacia species. DNA
isolation, PCR amplification and sequencing of rbcL
gene region with three replicates were performed
successfully for each ten specimens. PCR products was
found about 448-604 bp for all the studied specimens.
The sequences of ten Pistacia specimens were given in
Table 3. The genetic relationships among Pistacia
species were revealed after data analysis with
phylogenetic tree and PCoA.

Table 3. DNA sequences of 10 Pistacia specimens obtained from the rbcL barcode gene region.

>P.khinjuk_1

AGGAACTCCCAACTCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCATGTACCTGCAGTAG
CATTCAAGTAATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAA
ATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAG
TCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTT
AGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGA
TCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGT
AGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAG
AACCCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATAACATATATATTGACTTTTCTTCTCAGC
AACGGGCTCA

> P.khinjuk_2

AGGAACTCCCAACTCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCATGTACCTGCAGTAG
CATTCAAGTAATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAA
ATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAG
TCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTT
AGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGA
TCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGT
AGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAG
AACCCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATAACATATATATTGACTTTTCTTCTCAGC
AACGGGCTCA
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>P.terebinthus 1

TCATGCATTACGATAGGAACTCCCAACTCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCAT
GTACCTGCAGTAGCATTCAAGTATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTG
CTTCCGCACAAAATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCA
TCTTTGGTAAAGTCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGA
TAAACCTAATTTAGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTC
TCTCAACTTGGATCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGA
TCCTCTAGACGTAGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACA
TGTTAGTAACAGAACCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATACACATATATTGATTTT
CTTCTCCAGCAACGGGCTCA

>P.terebinthus 2

TCATGCATTACGATAGGAACTCCCAACTCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCAT
GTACCTGCAGTAGCATTCAAGTATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTG
CTTCCGCACAAAATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCA
TCTTTGGTAAAGTCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGA
TAAACCTAATTTAGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTC
TCTCAACTTGGATCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGA
TCCTCTAGACGTAGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACA
TGTTAGTAACAGAACCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATACACATATATTGATTTT
CTTCTCCAGCAACGGGCTCA

>P.atlantica_1

CCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAAATAGGAAACGGTC
TCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAGTCAAGTCCACCAC
GTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTTAGGTTTAATAGTA
CATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGATCCCATGTGGTGG
TCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGTAGAGCGCGCAGG
GCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAGAACCTTCTTCAA
AAAGGTCTAAAGGGTAAGCTACATAACATATATATTGATTTTTCTTCTCAGCAACGGGCT

> P.atlantica 2

CCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAAATAGGAAACGGTC
TCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAGTCAAGTCCACCAC
GTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTTAGGTTTAATAGTA
CATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGATCCCATGTGGTGG
TCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGTAGAGCGCGCAGG
GCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAGAACCTTCTTCAA
AAAGGTCTAAAGGGTAAGCTACATAACATATATATTGATTTTTCTTCTCAGCAACGGGCT

>P.vera 1

GCCAGCTAGTATTTGCGGTAAATCCCCCTGTTAAGTAGTCATGCATTACGCTAGGAACTCCCAAC
TCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCATGTACCTGCAGTAGCATTCAAGTAATGA
CCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAAATAGGAAACGGTC
TCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAGTCAAGTCCACCAC
GTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTTAGGTTTAATAGTA
CATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGATCCCATGTGGTGG
TCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGTAGAGCGCGCAGG
GCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAGAACCCTTCTTCA
AAAAGGTCTAAAGGGTAAGCTACATAACATATATATTGACTTTTCTTCTCAGCAACGGGCTCAAT
GTTGTAGCATCGTCCTTTGTA

>P.vera 2
GCCAGCTAGTATTTGCGGTAAATCCCCCTGTTAAGTAGTCATGCATTACGCTAGGAACTCCCAAC
TCTCTTGCAAATACAGCCCTTTTTAGCATTTCTTCGCATGTACCTGCAGTAGCATTCAAGTAATGA

CCTTTAATTTCACCTGTTTCAGCCTGCGCTTTATAAATTGCTTCCGCACAAAATAGGAAACGGTC
TCTCCAACGCATAAATGGTTGGGAGTTCACGTTCTCATCATCTTTGGTAAAGTCAAGTCCACCAC
GTAGACATTCATAAACAGCTCTACCGTAGTTCTTAGCGGATAAACCTAATTTAGGTTTAATAGTA
CATCCCAATAGGGGACGTCCATACTTGTTCAATTTATCTCTCTCAACTTGGATCCCATGTGGTGG
TCCTTGGAAAGTTTTTGTATACGCGGTAGGGATTCGTAGATCCTCTAGACGTAGAGCGCGCAGG
GCTTTGAACCCAAATACATTACCCACAATGGAAGTAAACATGTTAGTAACAGAACCCTTCTTCA
AAAAGGTCTAAAGGGTAAGCTACATAACATATATATTGACTTTTCTTCTCAGCAACGGGCTCAAT
GTTGTAGCATCGTCCTTTGTA

> P.palaestina 1
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TTCCCATGTACCTGCAGTAGCATTCAAGTATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTA
TAAATTGCTTCCGCACAAAATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGT
TCTCATCATCTTTGGTAAAGTCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTC
TTAGCGGATAAACCTAATTTAGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAA
TTTATCTCTCTCAACTTGGATCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGAT
TCGTAGATCCTCTAGACGTAGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAA
GTAAACATGTTAGTAACAGAACCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATACATATATA
TTGATTTTCTTCTCCAGCAACGGGCTCA

>P.palaestina_2

TTCCCATGTACCTGCAGTAGCATTCAAGTATGACCTTTAATTTCACCTGTTTCAGCCTGCGCTTTA
TAAATTGCTTCCGCACAAAATAGGAAACGGTCTCTCCAACGCATAAATGGTTGGGAGTTCACGT
TCTCATCATCTTTGGTAAAGTCAAGTCCACCACGTAGACATTCATAAACAGCTCTACCGTAGTTC
TTAGCGGATAAACCTAATTTAGGTTTAATAGTACATCCCAATAGGGGACGTCCATACTTGTTCAA
TTTATCTCTCTCAACTTGGATCCCATGTGGTGGTCCTTGGAAAGTTTTTGTATACGCGGTAGGGAT
TCGTAGATCCTCTAGACGTAGAGCGCGCAGGGCTTTGAACCCAAATACATTACCCACAATGGAA
GTAAACATGTTAGTAACAGAACCTTCTTCAAAAAGGTCTAAAGGGTAAGCTACATACATATATA
TTGATTTTCTTCTCCAGCAACGGGCTCA

UPGMA algorithm was used to analyse rbcL region
sequences, which included 10 in-groups and 1 outgroup
taxa. With a difference in bootstrapping value, the
UPGMA tree topology revealed that the species are
closely connected to each other. In UPGMA tree, it was
observed that the Anacardium excelsum used as an
outgroup was the first to be separated. The ingroup

consists of two main clades. The first main clade is
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divided into two subclades, the first subclade included
two species namely P. vera and P. khinjuk; the second
subclade included P. atlantica. The second main clade
is also divided into two subclades, consisting of the first
subclade P. terebinthus; the second subclade P.
palaestina (Figure 1). According to the UPGMA tree,
P. khinjuk, P. vera and P. atlantica; P. palaestina and

P. terebinthus were closely related to each other.



Int. J. Adv. Eng. Pure Sci. 2023, 35(3): 359-367

Phylogeny of Pistacia Species

100

—— Puvera

&0 —— Puverag 2

a0

94

59

4

95

100

P khivjuk 2

P Ichinjulc 1

—— P.atlantica 1

L P atlantica 2

—— P.terebinthus I

L—— P ierebinthus 2

—— P.palaesting 1

—— P palaesting 2

Anacardium excelsum

Figure 1. Phylogenetic tree of 10 Pistacia species with rbcL gene region based on UPGMA method
(Anacardium excelsum an outgroup).

The PCoA plot derived from the the rbcL chloroplast
gene region data showing the distribution of the
Pistacia species belonging to their distance from
themselves at the spatial level was given in Figure 2.
PCoA results showed that percentage of variation
explained by the first 3 axes as 96.98, 2.62 and 0.22%,
respectively. When PCoA results were evaluated, the

10 specimens were divided into two clusters in the
PCoA analysis. The cluster I consisted of P. palaestina
and P. terebinthus species. The cluster Il consisted of
P. vera, P. khinjuk and P. atlantica. The phylogenetic
tree and PCoA data show that, while intraspecific
relationships were validated, interspecies genetic
distances were also revealed.
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Figure 2. PCoA results of 10 Pistacia specimens with GenAlEx 6.4 program (Anacardium excelsum an
outgroup).

Arabnezhad et al. [24] created two DNA libraries by
enriching the dinucleotide (AG) with trinucleotide
(ATG) from the P. khinjuk genome in order to evaluate
the genetic relationships of wild and cultivated Pistacia
species grown in Iran. A total of 27 SSR primer pairs
were designed from the repetitive regions. Then,
interspecies phylogenetic analysis was performed with
these primers. According to the results obtained, P.
khinjuk was found to be the closest species to P. vera.
Talebi et al. [25] used the SRAP marker technique to
characterize 36 pistachio genotypes and varieties
originating from Tiirkiye, Iran, Syria and the USA. 30
SRAP primer pairs were tested. 11 primer pairs
produced a total of 202 bands, of which 168 (83%) were
found to be polymorphic. The closest species to P. vera
were determined as P. atlantica and P. khinjuk,
respectively. Yi et al. [26] used the nuclear ribosomal
ITS, the nuclear nitrate reductase gene's third intron
(NIA-i3), the plastid ndhF, trnL-F, and trnC-trnD
sequences to analyse the phylogeny of Pistacia. They
also reported that P. terebinthus and P. palaestina, as
well as P. khinjuk, P. atlantica and P. vera share a close
genetic relationship. Talebi et al. [27] conducted
molecular characterization studies on 17 cultivated and
wild pistachio genotypes using 4 different gene regions
of cpDNA (atpB-rbcl, trnCpetN, psbM-trnD and petN-
psbM) in their research. According to the results of their
phylogenetic analysis with the UPGMA method,
cultivated pistachio species and P. vera var. sarakhs
have a common ancestor and P. vera was collected in a
separate group. Also they showed that P. palaestina
and P. terebinthus species were grouped together and
reported that genomic chloroplast could accurately
determine pistachio interspecies relations.

The results of this study's phylogenetic tree and PCoA
analysis supported each other and were consistent with
the molecular literatures researching into the

relationships between various pistachio species. In
sight of all of this data, the relationship between P.
khinjuk, P. vera, and P. atlantica; between P.
terebinthus and P. palaestina were shown in this study
using rbcl chloroplast gene region sequence data. As a
result of this study, it can be said that the rbcl
chloroplast gene region is successful in describing the
Pistacia species and showing the relationship of the
species with each other.

IV. CONCLUSION

In this study, 5 Pistacia species (P. vera, P. terebinthus,
P. khinjuk, P. palaestina, P. atlantica) were classified
rbcL chloroplast gene region. The findings suggest that
the species share a similar genetic sequence and, as a
result, may have a tendency to follow the same
evolutionary route. As a result of this research, it
appears that the rbcL gene might be a useful marker for
distinguishing Pistacia species and determining their
evolutionary relationships. The identification and
classification of Pistacia species are critical for the
establishment of a systematic database. Also, molecular
data and phylogenetic relationships seem to be very
useful in facilitating classical breeding methods.
Information provided on the cultivar relationships
profile is significant since it may be utilized as a source
of knowledge for effective hybridisation and the
development of new cultivars in the future. The
investigation of genetic diversity and relationships
among the Pistacia species used in this study is
required to highlight the priority for plant genetic
resource conservation programs. Future studies can
contribute to the studies of Pistacia species by
obtaining more comprehensive findings with more and
different combinations of barcode gene regions and
more samples.
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Siire¢ Hatalarinin Analizinde Taksonomi Yontemini Temel Alan Yeni
Biitiinlesik Tereddiitlii Bulanik Yontem Onerisi

A Novel Integrated Hesitant Fuzzy Method for Process Failure Analysis Based on Taxonomy
Method

Cansu SAKARYA 'Y | Kumru Didem ATALAY ', Esra DINLER!
!Baskent Universitesi, Miihendislik Fakiiltesi, Endiistri Miihendisligi Bolimii, Ankara, Tiirkiye

Oz

Siparige 0zel iiretim sistemlerinde iiretim agamasina gegmeden dnce mithendislik ve tasarim faaliyetlerinin gergeklestirildigi
siparis isleme siireci firmalarin kilit gorevi goren siireglerinin basinda gelmektedir. Bu siirecin verimliligi sonraki agamalar i¢in
olduk¢a Onemlidir. Bu ¢aligmada, otomotiv sektdriinde yer alan bir firmada miihendislik ve tasarim faaliyetlerinin
gergeklestirildigi siparis isleme siirecinde ortaya ¢ikan hatalarin azaltilmasina yonelik Yeni Biitiinlesik Tereddiitlii Bulanik
Entropi Tabanli Gelistirilmis Taksonomi Yo6ntemi Onerilmistir. Calismanin amaci, siparis isleme siirecindeki miithendislik ve
tasarim caligmalarinin tekrar edilmesine sebep olan hatalarin kaynaklandigi boliimleri 6nem diizeylerine gére siralamaktir.
Onerilen yontemde, kriterlerin farkli karar vericiler tarafindan degerlendirilmesi ve karar vericilerin kendi goriislerinde net
olmamasi gibi nedenlerle tereddiitlii bulanik sayilar kullanilmistir. Kriterlerin 6nem agirliklarini bulmak amaciyla Tereddiitlii
Bulanik Entropi Y 6ntemi kullanilmistir. Hatalarin kaynaklandigi boliimlerin 6nem diizeylerine gore siralanmasinda birbirinden
bagimsiz kriterlerin bulundugu durumlarda kullanilan taksonomi yéntemi gelistirilmis sekliyle uygulanmistir. Onerilen yeni
biitiinlesik yontem ile elde edilen sonuglar farkli yontemler ile karsilagtirilmis ve siralamalar arasinda istatistiksel bir fark olup
olmadigin1 gézlemlemek amactyla Spearman Rank Korelasyon uygulanmistir. Calismanin ilgili literatiire iki 6nemli katkisi
bulunmaktadir. Birincisi, belirsizlik i¢eren bir yapida bulunan veride diizensiz bilginin ortadan kaldirmasi, ikincisi ise siireg
verimliliginin arttirilmasina yonelik yeni bir yontem gelistirilmis olmasidir.

Anahtar Kelimeler: Tereddiitlii bulanik entropi, Gelistirilmis taksonomi yontemi, Siire¢ hata analizi, Siparise 6zel iiretim
sistemleri, Cok kriterli karar verme

Abstract

In make-to-order systems, order processing, in which engineering and design activities are carried out before the production
phase, is one of the leading key processes of the companies. The efficiency of this process is very important for the next stages.
In this study, a New Integrated Hesitant Fuzzy Entropy Based Improved Taxonomy Method is proposed to reduce the failures
occurring in order processing in which engineering and design activities are carried out of a company operating in the
automotive industry. The aim of the study is to rank the departments causing failures that lead to the repetition of engineering
and design activities in order to process according to their importance levels. In the proposed method, hesitant fuzzy numbers
are used because of reasons such as the criteria have been evaluated by different decision makers. Hesitant Fuzzy Entropy
Method is used to find the importance weights of the criteria. In ranking the departments leading to failures according to their
importance levels, the taxonomy method, used in cases where there are independent criteria from each other is applied in its
developed form. The results obtained with the proposed new integrated method are compared with different methods and the
Spearman Rank Correlation is applied to observe whether there is a statistical difference between the rankings. The study has
two important contributions to the related literature. The first one is the elimination of disordered information in uncertain
structured data and the second one is the development of a new method to increase process efficiency.

Keywords: Hesitant fuzzy entropy, Improved taxonomy method, Process failure analysis, Make-to-order systems, Multi-
criteria decision making

L. GiRiS

Otomotiv endiistrisi, teknolojik ve yonetimsel yeniliklerin yani sira biiyiime ve istihdamin diinya ¢apindaki en
onemli itici gliglerinden biridir. Giderek daha karmasik ve rekabetci hale gelen kiiresel pazar nedeniyle, otomotiv
firmalar1 karli kalabilmek i¢in operasyonlarini iyilestirmenin yeni yollarini aramaktadirlar. Otomotiv endiistrisinin
ozelliklerinden biri, ayn1 anda gelistirilen birka¢ yeni iiriiniin yonetimi ile ilgilidir. Otomotiv firmalar1 genellikle
birkag iiriin hattina sahiptir ve mevcut iiriinleri degigtirmek veya tamamen yeni {iriin hatlar1 eklemek i¢in siirekli
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olarak yeni iiriinler gelistirir. Teknolojinin geligsmesi
genel anlamda zihinlerde makine ve ekipmanlarin
geligmesi  olarak  diisiintilmektedir. Ancak son
donemlerde teknolojik gelismelerden en ¢ok etkilenen
alanlardan bir tanesi de Arastirma Gelistirmedir (Ar-
Ge). Ar-Ge alaninda faaliyet gosteren isletmeler
incelendiginde bu alandaki kaynaklarin agirlikli olarak
isglici  ve zaman parametrelerinden olustugu
gozlemlenmektedir. Dolayistyla bu alanda
gergeklestirilen her birim isgiicli ve zaman tasarrufu
isletmenin giderlerini direkt olarak azaltir, verimlilik ve
kar artisin1 saglamaktadir. Bu alandaki kaynaklarin
verimini arttirmanin en iyi yolu ise yapilan hatalari
azaltarak, tekrar eden isleri ve bundan dolay: ortaya
¢ikan ig giicli ve zaman kaybin1 6nlemektir.

Bu ¢aligmada, tasarim ve miihendislik alaninda yogun
caligmalar yiiriiten, otomotiv sektoriinde yer alan gok
uluslu  bir firmada mihendislik ve tasarim
faaliyetlerinin ~ gerceklestirildigi  siparis  isleme
stirecinde ortaya ¢ikan hatalarin azaltilmasina yonelik
biitinlesik bir yontem Onerilmis ve uygulamasi
gerceklestirilmistir. Onerilen Biitiinlesik Tereddiitlii
Bulanik Entropi Tabanli Gelistirilmis Taksonomi
Yontemi ile hatalarin azaltilmasi veya erken tespit
edilmesine yonelik bir calisma gerceklestirilmistir.

Calismanin gergeklestirildigi firma birgok farkli arag
tipi iiretmekte ve her bir arag¢ tipinde siparise 6zel
miisteri isteklerine gore modifikasyonlar yapmaktadir.
Bundan dolay1 her siparis i¢in iiretim agamasindan dnce

siparise 0zel kapsamli miihendislik ve tasarim
faaliyetlerinin ~ gerceklestirildigi  siparis  isleme
sirecinden  ge¢mektedir. Bu siireg  boyunca

gerceklestirilen mithendislik ve tasarim ¢aligmalarmin
tekrar edilmesine yol acan her bir hata maliyetlerin
artmasi ile siirecin kritik noktalarinda tespit edilmesi
durumunda projenin zaman planini riske atmaktadir.
Bu hatalarin azaltilmasi ve erken tespitinin saglanmasi
direkt olarak firmanin miihendislik ¢aligma maliyetini
azaltarak verimlilik artisgi1  saglayacagindan ve
projelerin risk diizeyini azaltacagindan siparis isleme
siirecinde gergeklestirilecek hata analizi ¢aligmasinin
sonucunun firmaya bilyiik dl¢iide fayda saglayacagi
acikca gortilmektedir.

Calismanin amaci siparis igleme siireci boyunca
miihendislik ve tasarim ¢aligmalarinin  tekrar
edilmesine sebep olan hatalarin kaynaklandigi
boliimleri énem diizeylerine gore siralamak oldugu
i¢in, bu 6nem diizeylerini belirlemede 6nem teskil eden
kriterler karar vericiler tarafindan Dbelirlenmistir.
Secilen kriterlerin farkli karar vericiler tarafindan
degerlendirilmesi  sonucunda  derecelendirmelerin
farklt olmas1 ve bunun yani sira kendi goriislerinin net
olmamasi nedeni ile degerlendirmede tereddiitlii
bulanik sayilar kullanilmistir. Segilen her kriterin farkli
bir onceligi oldugu i¢in uygun énem agirligini bulmak
amactyla objektif bir degerlendirme yontemi olan ve
bilgi teorisinde tesadiifii bir degiskenle iliskili
belirsizligin  Olcilisii  olarak tanimlanan entropi

kavrammi baz alan Tereddiitlii Bulanik Entropi
Yontemi  kullanilmistir  [1].  Segilen  kriterlerin
agirliklandirmas: gerceklestirildikten sonra hatalarin
kaynaklandigi bolimlerin 6nem diizeylerine gore
siralanmasi amaciyla birbirinden bagimsiz kriterlerin
bulundugu durumlarda kullanilan taksonomi ydntemi
gelistirilmis sekliyle uygulanmistir [2].

Bu galismada onerilen biitiinlesik yontem, bilgi igerigi
veya belirsizlik miktarini 6lgebilen ve bilgiye dayali bir
yaklasim olan Tereddiitlii Bulanik Entropi YOnetimi
kriter agirliklarim1  belirlemek amaci1 ile tercih
edilmistir. Ayrica hatalarin  siralandirilmast  igin
kullanilan Taksonomi Yontemi tutarli ve bilingli
kararlar almay1 sagladig1 i¢in avantajlidir.

Ikinci boliimde verilen literatiir arastirmasinin ardindan
iiglincli boliimde 6nerilen Yeni Biitlinlesik Tereddiitlii
Bulanik Entropi Tabanli Gelistirilmis Taksonomi
Yontemi adimlartyla detayli olarak agiklandiktan sonra
dordiincii  boliimde Onerilen yeni yontemin ilgili
firmadaki siparis isleme siirecindeki hata analizinde
uygulamasina yer verilmistir. Caligma, besinci
boliimde sonuglarin karsilastirilmasi ve ardindan altinci
boliimde sonuglar verilerek tamamlanacaktir.

II. LITERATUR TARAMASI

Uretim asamasindan once siparise 6zel kapsamli
miihendislik ve tasarim faaliyetlerinin gerceklestirildigi
siparis isleme siireci firmalarin kilit gdrevi gdren
siireclerinin ~ basinda  gelmektedir. Bu  siirecin
verimliligi ileride gerceklestirilen faaliyetler igin
oldukg¢a 6nemlidir. Literatiirde siparis isleme siirecinin
verimliliginin artirllmasina yonelik ¢aligmalarda daha
cok tedarik ve lojistik konulart ele alinmis ve bu
calismalarin da oldukca smirli oldugu gozlenmistir.
Uthayakumar ve Rameswari [3] siparis isleme
stiresinin azaltilmas1 ve kalite iyilestirme yatirim
degerlendirmeleri kosullar1 altinda entegre bir envanter
modeli sunmuslardir. Calismalarinda  6nerdikleri
model, siparis isleme siiresinin azaltilmasi ve kalite
iyilestirmenin entegre envanter modeli {izerindeki
etkilerinin arastirilmasinda oncii bir ¢alisma olmustur.
Acero vd. [4] yedek pargalar i¢in tedarik zinciri
yonetimi siireglerine odaklanarak yalin metodolojilerin
kullanimmi degerlendirmislerdir. Deger akisi analizi
metodolojilerini uygulayarak malzeme siparisi isleme
prosediirlerini iyilestirmek i¢in bir vaka calismasi
gerceklestirmiglerdir.  Calismanin  amaci,  siirekli
iyilestirme ve yalin diisiince ile uyumlu bir sekilde
yalin ve Alti Sigma yaklagimlarin1 biitiinlestirmeye
yonelik uygulanmstir.

Uretim firmalar1 rekabetci avantaj saglamak igin, siireg
iyilestirmeleri yaparak siire¢ verimliligini artirmaya
calisir. Bu nedenle siire¢ verimliligini arttirmaya
yonelik ¢aligmalar son yillarda farkli alanlarda farkli
metotlarin gelistirilmesi ile biiyiik 6nem kazanmistir.
Literatiirde yer alan c¢aligmalar incelendiginde
stireglerin iyilestirilmesi i¢in ¢ok kriterli karar verme
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yontemlerinin sik kullanildig1 gézlemlenmistir. Ancak
gercek hayat problemlerinde verilerin net olmamast
durumunda uygulanan yontemler belirsizligin ele
alindigr  yontemler olmustur. Toklu vd. [5]
calismalarinda SWOT analizi, Kok Neden Analizi,
degistirilmig Bolden taksonomisi ve bulanik ANP
metodolojilerinden  olusan  swrali  bir  model
Onermiglerdir. Firmanin giicli ve zayif yonlerini
belirlemek icin SWOT analizini, zayifliklarin ana ve alt
nedenlerini tanimlamak i¢in kok neden analizini,
sorunlar1 sosyal bakis agisiyla degerlendirmeye
yardimer olan yeni bir yon ekleyerek Bolden'in
siniflandirmasin1  gelistirmiglerdir. Zayifligin  temel
nedenlerinden tiiretilen iyilestirmeye agik alanlari, olast
eylem planlariyla eslestirmek i¢in degistirilmis Bolden
taksonomisini kullanmislar ve bu eylem planlarini
iyilestirmeye  acgik  alanlarin Onemine  gore
onceliklendirmek i¢in bulanik ANP'yi kullanmiglardir.
Onerdikleri Bulanik Sirali Model, hangi eylem planimin
organizasyonu daha fazla etkileyecegini belirlemeye
yardimer olmustur. Yadav vd. [6] calismalarinda, atik
azaltma ve kalite iyilestirme zorluklarmin iistesinden
gelmede uygulamalar1 kolaylastirmak icin ¢6ziim
yaklagimlarinm onceliklendirilmesine dayanan yalin
altt  sigmada hibrit bir ¢ergeve  Onermeyi
amaglamiglardir.  Calismalarinda  bulantk ~ AHP-
PROMETHEE kullanmislar ve 6nerdikleri yontemi bir
iretim firmasinda uygulamasimi  gerceklestirerek
uygunlugunu test etmislerdir. Tian vd. [7] hata
tirlerinin uygulanabilir ve etkili bir risk Onceligi
siralamasini formiile etmek i¢in bulanik en iyi-en kot
yontemi ve bagil entropiyi birlestirerek Hata Tiirleri ve
Etkileri Analizi i¢in kapsamli bir bulanik Cok Kriterli
Karar Verme yaklasimi onermislerdir. Gupta vd. [§]
Mikro Kiiciik Orta Olgekli isletmeler organizasyonu
icin bir Alt1 Sigma uygulama gerceklestirmistir.
Onerdikleri yontemi, Hindistan'daki bir firmada vaka
caligmasi yardimiyla ayrintili olarak gostermislerdir.
Bu ¢alismanin uygulanmasindan sonra elde edilen
sonuglar, ¢cok kriterli karar verme yontemlerinin Alti
Sigma'ya dahil edilmesinin, yeterli verinin olmamasina
ragmen firmanin sigma seviyesinde Onemli bir
iyilesmeye yol agtigim1 gostermektedir. Akbar vd. [9]
Nesnelerin Interneti'nin giivenligini olumsuz yonde
etkileyebilecek  faktorlerin  bir  siniflandirmasini
gelistirmek amaciyla yaptiklar1 ¢aligmada, uzmanlarin
nitel tahminini nicel Onceliklendirme degerlerine
doniistirmek  icin  bulamk AHP  yaklasimini
kullanmiglardir. Taksonomi, literatiir taramasi ve
uzmanlarla yiiritilen endiistriyel caligma sirasinda
belirlenen zorlu faktérlere dayanmaktadir ve
belirsizlikler getirebilecek uzman goriislerine dayali
birden fazla faktdre Oncelik vermek zordur.
Gergeklestirilen ¢alisma, uygulayicilarin ve arastirma
toplulugunun giivenli Nesnelerin Internet’i igin yeni
stratejileri gozden gegirmesine ve gelistirmesine
yardimer olabilecek, faktorlerin onceliklendirmesine
dayali bir smiflandirmay1 saglayarak katkida
bulunmaktadir.

Uretim  sistemlerinde siire¢ iyilestirme calismalari
incelendiginde, bu c¢alismada oOnerilen biitiinlesik
yapida kullanilan Entropi ve Taksonomi yontemlerinin
kullanildig1 bir ¢alismaya rastlanmamistir. Ancak ¢ok
kriterli karar vermede Entropi ve Taksonomi
yontemlerinin kullanildig1 ¢alismalar bulunmaktadir.
Rafi vd. [10] caligmalarinda gelistirme ve operasyon
ekipleri  arasindaki iletisim, koordinasyon ve
entegrasyon yollarini iyilestirmek i¢in DevOps olarak
bilinen bir paradigma benimsemislerdir ve DevOps
stire¢ iyilestirmesine yardimci olacak DevOps basari
faktorlerini belirlemislerdir. DevOps mantiksal iligki ve
kriterlerine  dayali olarak basar1 faktorlerinin
siralamasia dayali bir taksonomi gelistirmislerdir.
Khan vd. [11] Cin Kiresel Yazilim Gelistirme
endiistrisindeki ¢evik yontemlerin dlgeklendirme
stirecini olumlu yonde etkileyebilecek faktorlerin bir
taksonomisini gelistirmiglerdir. Caligmada Bulanik
AHP yaklasimi kullanilarak faktérler kategorize
edilmis,  Onceliklendirilmis  ve  taksonomileri
gelistirilmistir. Verilen taksonomi, Kiiresel Yazilim
Gelistirme endiistrisinin cevik  yoOntemlerin
6l¢eklendirme siirecini degerlendirmesi ve gelistirmesi
i¢cin 6nemli ve ilericidir. Jing vd. [12] Tahran Menkul
Kiymetler Borsasi'nda islem goren sirketlerde ¢ok
kriterli karar verme yontemlerini kullanarak en uygun
hisse senedi portfoyii se¢imi i¢in kapsamli bir
modelleme yapmuislardir. Tahran Menkul Kiymetler
Borsasindaki endeks, hisse senedi portfoyli icin
kapsamli ve optimal bir model saglamak i¢in farkli ¢ok
endeksli karar verme yontemleri, TOPSIS, Taksonomi,
ARAS, VIKOR, COPRAS ve WASPAS yontemlerini
kullanarak optimum hisse senedi portfoyiinii ve en
yiliksek getiri i¢in en iyi hisse senedi portfoyiinii
belirlemeyi hedeflemislerdir. Yang vd. [13] olasiliksal
tereddiitlii bulanik kiimeler igin istel olasiliksal
tereddiitlii bulanik entropi olarak adlandirilan yeni bir
bulanik entropi Onermislerdir. Buna bagli olarak
kardinal uzlagma yontemi ve TODIM yontemine
dayali, Oznitelik agirliginin entegrasyon sonuglarmnin
iistel olasiliksal tereddiitlii bulanik entropisi tarafindan
belirlendigi bircok kriterli karar verme problemi
onermislerdir. Bu yontemin etkinligini gdstermek adina
yesil binada bir uygulama 6rnegi vermislerdir. Deveci
vd. [14] caligmalarinda belirli bir rota i¢in en uygun
ucak tipinin se¢iminde Entropi Tabanli Agirlikli Toplu
Toplam Uriin Degerlendirmesi yontemini ve aralikli
tip-2 kararsiz bulanik kiimeleri entegre eden yeni
birgok kriterli karar verme yaklasimi Onermislerdir.
Belirli bir vaka ¢alismasi kullanilarak bu yontem test
edilmistir. Wan vd. [15] ¢ok kriterli grup karar verme
icin tereddiitlii bir bulanik Tercih Derecelendirme
Organizasyon Yontemi gelistirmisler ve bunu yesil
tedarik¢i se¢imine uygulamiglardir. Tereddiitlii bulanik
eleman igin yeni bir tereddiit indeksi tanimlayarak,
iiyelik degerlerinin bireysel sapmasi ve tereddiit
indeksini es zamanli olarak dikkate almislar ve
genellestirilmis  bir tereddiitlii bulanik Hausdorff
mesafesi 6nermislerdir. Tereddiitlii bulanik elemanin
tanimlanmis bulaniklik entropisi ve tereddiit entropisini
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entegre eden birlesik bir tereddiitlii bulanik entropi
sunmuslardir.

IIL.YENI BUTUNLESIK TEREDDUTLU
BULANIK ENTROPI TABANLI
GELISTIRILMIS TAKSONOMI
YONTEMI

Bu calismada onerilen biitiinlesik yontem Tereddiitli
Bulanik Yaklagim tabanli Entropi yontemi ve g¢ok
kriterli karar verme yontemlerinden olan Taksonomi
yontemlerini icermektedir. Bu bdlimde Onerilen
biitinlesik yontem igerisinde kullanilan metotlara
iligskin temel bilgiler ve kavramlar agiklanmistir.

Zadeh (1965) tarafindan ortaya atilan belirsizlik i¢eren
gergek hayat problemlerinde siklikla kullanilan bulanik
kiime teorisinin gelistirilmis versiyonlar1 karar verme
stireglerinde etkili bir ydntemdir. Bu yontemler
incelendiginde Tip-2, sezgisel, tereddiitlii, nétrosofik,
polihedron gibi farkli yaklagimlar oldugu gézlenmistir.
Bu yaklagimlardan problemdeki bulanikligin yapisina
gére uygun yontemin segilmesi gerekir. Tereddiitlii
bulanik yaklasim, karar verme problemlerinde birden
fazla karar vericinin oldugu ve bu karar vericilerin
verdigi kararlarda kesin yargilara varamadigi
durumlarda tercih edilebilir [16]. Bu yaklagimda karar
vericilerin goriisleri birden fazla tiyelik derecesi ile
ifade edilir. Tereddiitli Bulanik yaklasim ile karar
verme yontemi nitel kriterlerin degerlendirilmesinde
karar vericinin kararsiz dogasina yakin ve esnek bir
sekilde degerlendirmesini saglamaktadir. Bu yontem
sayesinde karar vericilerin goriislerindeki belirsizlik
g0z Oniine alinarak degerlendirmeler yapilabilir [17].
Tereddiitlii Bulanik yaklasimda, elemanlarin iiyelik
derecelerinin bir bulanik kiimeye atanmasi sirasinda
ortaya  ¢ikabilecek  kararsizliktan  kaynaklanan
belirsizligi modellemeyi amaglayan bulanik kiimelerin
bir uzantisidir [18]. Tereddiitlii Bulanik Kiime ve
Tereddiitlii Bulanik Eleman (TBE) kavramlari Tanim 1
ile verilmistir.

Tanim 1: X bos olmayan bir kiime iken, X iizerinde
tanimli  Tereddiitli Bulamk Kime A4 , [0,1]
degerlerinden olusan bir alt kiimedir ve Esitlik (1) ile
verilmistir.

A={<xa()>|xeX} 1)

Burada a(x) , x € X ’in A kimesine ait iyelik
derecelerini gosterir. a(x) Tereddiitlii Bulanik Eleman
olarak adlandirilir ve H bu elemanlarin olugturdugu bir
kiimedir [19]. TBE’ler farkli sayida elemanlara sahip
olabildigi i¢in a(x)’in igerdigi eleman sayilari [, ile
gosterilmistir. a(x) = {a’l(j)(x)}j_x_l olmak fiizere,

burada a?U)(x), a(x) i¢indeki j inci en biiyiik degeri
temsil eder. Eleman sayilarini esit hale getirmek amaci
ile a(x) ’in icerdigi elemanlar artan siraya gore
diizenlenir ve eksik olan elemanlar en biiyiik eleman
ekleme yontemi ile her biri esit sayida olacak sekilde

diizenlenerek normalizasyon islemi gergeklestirilir
[20].

Entropi kavramu ise, bilim ve miihendislik dallar1 olan
fizik, bilgi teorisi ve matematik, termodinamik alaninda
gelismig ve ardindan bilgi entropisi ortaya ¢ikmustir.
Entropi ilk olarak, Rudolph tarafindan 1865’te
termodinamik alaninda gelistirilmis ve 1948’de
Shannon tarafindan bilgi entropisi kavrami ortaya
atilmistir [1]. Bilgi teorisinde entropi yontemi, eldeki
verinin sagladig1 faydali bilginin miktarinin dl¢iilmesi
amactyla  kullanilmaktadir.  Karar  probleminin
hiyerarsik yapisin1 olusturmadan, kriterlerin 6nem
diizeylerinin ortaya ¢ikarilmasinda kullanilan bu
yontem, agirliklarin hesaplanmasi igin objektif bir
degerlendirme yontemidir [21].

Tanim 2: a TBE olmak iizere, a igin entropi  E4 ()
Esitlik (2) ile verilmistir [14].

Ep(a) =1-

izza ((1+qaz(i))l"(1+qu/1(i))+(1+11(1—a/1(1,,—i+1)))l"(1+'I(1—“/1(1,,—i+1)))
1T <=1

2

2+q“l(i)+q(;_a/1(la—i+1)) In 2+£I“1(i)+4(:—aa(zaﬂ'+1))) q>0 (2)
Burada T=0Q4+qgn(1+q9)—2+q)Un2+

q)) — In2)’dir. q ise tereddiit diizeyini kontrol eden
parametredir. Genellikle [1, ) araliginda bir deger
alir ve g = 1 oldugunda, formiil klasik bulanik
entropiye karsilik gelir. g degeri arttikca, belirsizlik
diizeyi daha fazla vurgulanir ve homojenligi 6ne
cikarir.

3.1. Taksonomi Yontemi

Taksonomi yontemi, 1763 yilinda Adanson tarafindan
gelistirilmistir [22]. 1968 yilinda Hellwing bu yontemi
bir smiflandirma araci olarak tanitmistir [23]. Bu
yontem farkli alternatiflerin, belirli fayda ve maliyet
kriterleri bazinda derecelendirilmesi, siniflandirilmasi
ve karsilagtirilmasi i¢in uygundur. Taksonomi yontemi,
karmagik karar verme problemlerinde birden fazla
kriterin dikkate alinmasini ve sistematik bir sekilde
alternatiflerin simiflandirilmasin1 saglar. Bu yontem,
karar vericilere bir yap1 ve yonlendirme saglar ve
analitik bir karar verme siireci sunar. Yontemin
temelinde taksonomik siniflandirma bulunmaktadir ve
degerlendirme sonuglarma dayanarak, alternatifler
taksonomik siniflandirma yontemiyle siniflandirilir. Bu
smiflandirma, alternatiflerin ~ 6nceliklerine  veya
performanslarina dayanarak gruplandirma yapilmasini
saglar. En iyi performansa sahip alternatifler en {ist
taksonlarda yer alirken, daha diisiik performansa sahip
alternatifler alt taksonlarda yer alir. Taksonomi
yontemi, ¢ok kriterli karar verme siireglerinde
kullanilan bir yontemdir ve karmasik karar verme
stireclerinde onceliklendirme gerektiren durumlarda,
bilgi ve veri siiflandirmasinin yapilmasi gerektiginde
kullanilir. Bu yontem tutarli ve bilingli kararlar almay1
saglar. Karar vericilerden alinan bilgiler dogrultusunda
olusturulan kriter agirliklarini kullanan ve alternatifleri
onem derecelerine gore siralayan bir yoOntemdir.
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Taksonomi yonteminde, smiflandirma ve gelisme
derecesini  belirlemede bir ara¢ olarak kabul
edildiginden, pek ¢ok uygulamasi olan, alternatiflerin
siralanmasi igin gelismislik indeksi kullanilir. Bu
teknigin bir dezavantaji uygulanmasi zor bir yontem
olmasidir [2]. Ancak yontemin bir¢cok avantaji
bulunmaktadir. Karmagik karar verme siireclerinde
hiyerarsik  bir  yapida  diizenleme  yaparak
yapilandirilmis bir yaklagim sunar. Bu, karar vericilere
adimlari takip etme ve kararlar1 analiz etme konusunda
rehberlik eder. Ayrica kriterler ve alternatifler
hiyerarsik bir yapida diizenlendigi igin analiz siireci
daha net ve kapsamli olur. Degerlendirme siireci,
kriterlerin ve &lgeklerin kullanimiyla objektif bir
sekilde gergeklestirilir. Bu, seceneklerin performansini
daha iyi degerlendirmeyi saglar. Bunlara ek olarak
yontem, bilgi veya verilerin siniflandirilmas: gereken
durumlarda kullanilabilir. Biiyiik veri setlerinde veya
bilgi aglarinda siniflandirma yapmak i¢in taksonomik
yaklagimin kullanilmasi, bilgi yonetimini ve analizini
kolaylastirir.

3.2. Entropi Yontemi

Entropi yontemi kriterler arasindaki bilgi icerigi veya
belirsizlik  miktarint  Slgerek  kriterlerin =~ 6nem
derecelerini belirlemeyi amaglar. Entropi yonteminde,
her bir kriterin degeri dagiliminin ne kadar homojen
veya heterojen oldugu dikkate alinir. Eger bir kriterin
degeri tiim segenekler igin ayniysa, bu kriterin bilgi
icerigi veya belirsizlik miktar1 diigiiktiir. Ancak,
degerler arasinda biiyiik farkliliklar varsa, kriterin bilgi
icerigi yiiksek olur. Bu sebeple karar verme siirecine
daha fazla veri odaklilik ve bilgiye dayal bir yaklagim
getirir. Ayrica bu yontem kriter degerlerindeki
degisikliklerin sonuglar {izerindeki etkisini daha hassas
bir sekilde degerlendirerek duyarlilik analizine olanak
saglar. Kriterlerin deger dagilimlarin1 dikkate aldigi
icin tutarli bir karar verme siireci saglar. Bu yontem
farkli alanlardaki ¢esitli karar verme siireglerine
uygulanabilir esnek bir yontemdir. Bu 6zellikleri ile
Entropi yontemi ¢ok kriterli karar verme siireglerinde
tercih edilen bir yontemdir.

Bulanik kiime teorisinde, bir veri kiimesinin belirsizlik
veya tereddiit diizeyi, bulanik entropi ile Sl¢tilebilir.
Bulanik entropi, bir kiimenin homojenligini veya
belirsizligini temsil eder. Bu entropi, kiimelerin
elemanlar1 arasindaki benzerlik veya ayrimcilik
Olgiileriyle iligkilidir. Tereddiitlii Bulanik Entropi ise
Bulanik Entropi yonteminin gelistirilmis bir versiyonu
olup belirsizlikleri daha ayrmtili ve dogru bir sekilde
ifade edebilme yollarindan biridir.

Isleyisi tanimlanabilen bir siirecte ortaya ¢ikan
hatalarin analizi i¢in yukarida agiklanan ydntemlerin
kullanilmasi ile Sekil 1°de akisi verilen yeni biitiinlesik
bir algoritma Onerilmis ve adimlari asagida
sunulmustur.

Adim 1: Tereddiitlii bulanik karar matrisini olustur.

m alternatif ~ A;(i=1,..,m) , n kriter (;(j=
1,..,n) ve k karar verici KV (k=1,...,v) ’nin
bulundugu bir siire¢ ele alinsin. k. karar verici
tarafindan j. kriter igin belirledigi TBE a; olsun.

lak,- ise TBE a;; 'nin uzunlugunu (eleman sayisini)

gosterir. TBE a;;’lerden olusan tereddiitlii bulanik
karar matrisi Esitlik (3) ile verilmistir.

T a'l"] 3)

Ay1  Oyp

TBKM =

Adim 2: Normalize tereddiitlii bulanik karar matrisini
olustur.
Her bir TBE ay; farkli uzunluklarda oldugu igin
elemanlart kiiciikten Dbiiyiige dogru siralanir ve
uzunlugu en biiylik olan TBE ye esit olacak sekilde
sahip oldugu en biiylik liyelik derecesi eklenerek Esitlik
(4) ile gosterilen normalize tereddiitlii bulanik karar
matrisi A elde edilir.

ay e
A = H ., H

(O]

A
Adim 3: Normalize TBE ay, j i¢in Capraz entropi
degerlerini hesapla.

Normalize TBE @y i¢in gapraz entropi degeri E(aiq-),
Esitlik (2) kullanilarak hesaplanir.

Adim 4: Tereddiitlii bulanik ¢apraz entropi matrisi E’yi
olustur.

Adim 3’te hesaplanan E(a,’cj) k=1,..,v, j=
1, ..., n capraz entropi degerleri kullanilarak tereddiitlii
bulanik ¢apraz entropi matrisi E, Esitlik (5) ‘deki gibi
olusturulur.

E(ﬂf’n) E(vf’m)

E =

©))

E@,) -~ B,
Adim 5: Her bir kriter i¢in entropi degerini hesapla.
Esitlik (5)’ de wverilen c¢apraz entropi degerleri
kullanilarak j. kriterin kriter entropi degeri E; Esitlik
(6) ile hesaplanir.

E =3 ThaE@) 5 j=1..n (6)

Adim 6: Her bir kriter i¢in entropi kriter agwrlhigin
hesapla.

Esitlik (6) ile wverilen kriter entropi degerleri
kullanilarak j. kriterin entropi kriter agirligi wj, Esitlik
(7) ile hesaplanir.

1-E;
w; =
J "—Z;'l=1 E].

D j=1..n (7

Adwm 7: Alternatiflerin kriterlere gore karar matrisini
olustur.

Taksonomi yontemini uygulayabilmek icin karar
matrisi X olusturulmus Esitlik (8) ile verilmistir.
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"l ] ®)

Tmi *° Tmn

Burada 7;;karar matrisi X’in i. alternatifin j. kritere gore
olusturulan her bir elemanini gostermektedir.

Adim 8: Kriterlerin ortalama ve standart sapmalarini
hesapla.
J- kriterin ortalamasi T;j ve j. kriterin standart sapmasi

sirastyla Esitlik (9) ve Esitlik (10) ile hesaplanir.

j=1,..,n (&)
(10)

Adim 9: Standardize Z karar matrisini olustur.
Esitlik (9)-(10) kullanilarak i. alternatifin j. kritere gore
standardize karar matrisi Z Esitlik (11) ile verilmistir.

Z11  Z1a
7= : b : (11)

Zm1 " Zmnln

Burada standardize karar matrisi Z ’nin elemanlar,
_TiyTTj

Zl-j—s—j ; i=1,..m, j=1,...,n ile

hesaplanir.

Adim 10: Agirliklandurilmis  standardize B karar
matrisini olustur.

Esitlik (7) ile verilen entropi kriter agirliklar
kullanilarak, agirliklandirilmis standardize B karar
matrisi olusturulur. Burada B karar matrisinin
elemanlari bl-]- =wj*xz;i=1,...m, j=1,..,n ile
elde edilir ve Esitlik (12) ile gosterilir.

B=

bll bln
P ] (12)

by br.nn mxn
Adim 11: Gelistirilmis alternatif degeri G; 'yi hesapla.
Her bir alternatif i =1,..,m igin, gelistirilmis
alternatif degeri G; , Esitlik (13) ile hesaplanir.

G; = ,Z;’lzl(bij_ j)z

Burada by, j. kriterin ideal degeri olup, maksimize
edilmek istenen bir kriter i¢in B matrisinde ait oldugu
kriterin aldig1 en biiyiik degeri ve minimize edilmek
istenen bir kriter i¢in ise en kiigiik degeri ifade eder.

13)

i=1,.,m

Adim 12: Geligtirilmis alternatif degeri iist sutmir G'yi,
gelistivilmis alternatif 6nem degeri F; 'yi hesapla ve
alternatifleri sirala.

Gelistirilmis alternatif degeri iist sinir G ve gelistirilmis
alternatif 6nem degeri F;, i = 1, ..., m sirastyla Esitlik
(14) ve Esitlik (15) kullanilarak hesaplanir.

G = G;+2sg,; (14)

i=1,.,m

Fi==2; (15)
Esitlik (15) ile elde edilen F; degerleri kiigiikten
biiylige dogru siralanarak alternatif siralamalari elde
edilir. Burada en kiigiik gelistirilmis alternatif dnem
degerine sahip olan en 6nemli alternatiftir.

1
ASAMA | I I
Siire¢ Analizi ve Veri I Siparis igleme siirecini analiz et 1
Derleme
I 1 :
I 1
Siiregte meydana gelen hatalara 1
1 ¢te meydana g
iliskin alternatifleri, kriterleri belirle
1 $
I | !
I 1
I 1
Karar vericileri se¢
¢ 1
1
I ) :
| 1
| 1
Verileri diizenle ve siiflandir
1
1
| } I
|_ _____ —_————
Tereddiitlii bulanik entropi I
1 P
ASAMA 2 I yontemiyle kriterler agirhklarin 1
Onerilen Yeni belirle
Biitiinlesik Yontemin 1 !
Uygulanmasi ] l 1
I 1
Taksonomi yontemiyle alternatifleri 1
| Y y
I sirala 1
1

ASAMA 3
Sonuglar ve
Degerlendirme

Sonuglari yorumla ve analiz et

| :
! I
| I !
! I
: I
! I

Siirecin iyilestirmesine iligkin
dnerilerde bulun

Sekil 1. Onerilen yonteme iliskin akis semasi

IV.ONERILEN YENI BUTUNLESIK
YONTEMIN SIPARIS ISLEME
SURECINE UYGULANMASI

Onerilen yeni biitiinlesik yontem, otomotiv sektdrii
siparis isleme silirecinde, miihendislik ve tasarim
faaliyetlerinin tekrar edilmesine sebep olan hatalarin
analiz edilip, hangi boliimlerin en 6nemli hatalara sahip
oldugunun belirlenmesinde kullanilmistir.  Uretim
sistemlerinde siparis isleme siiregleri maliyet ve
verimlilik kriterleri agisindan kritik bir siirectir. Bu
siirecte ortaya ¢ikan hatalarin analiz edilmesi ve
onlenmesi ¢ok dnemlidir. Bu hatalarin analiz siirecinin
bilingli, tutarli, hassas ve kapsamli bir sekilde
yuriitiilmesi gerekmektedir. Bu durum goéz Oniinde
bulundurularak bu c¢aligmada bilgi icerigi veya
belirsizlik miktarin1 6lgebilen ve bilgiye dayali bir
yaklagim olan Tereddiitlii Bulanik Entropi Yonetimi
kriter agirhiklarimi  belirlemek amaci ile tercih
edilmistir. Ayrica hatalarin siralandirilmasi igin tutarl

373



Siire¢ Hatalari Analizi

Int. ). Adv. Eng. Pure Sci. 2023, 35(3): 368-378

ve bilingli kararlar almay1
Yontemi kullanilmisgtir.

saglayan Taksonomi

Uygulamanm gerceklestirildigi firmada karma birgok
farkli arag tipi tasarlanip, iiretilmesinin yani sira her
arag¢ tipinde de siparise 6zel miisteri isteklerine gore
modifikasyonlar ~ yapilmaktadir.  Miisteri  6zel
istekleriyle aracin ig, dis, mekanik ve elektrik gibi her
tirlii sistemi ve donanimi degisebilmektedir. Miisteri
6zel isteklerinin kabuliinden 6nce, ara¢ konfigiirasyonu
Ar-Ge birimindeki ilgili boliim ¢alisanlari tarafindan
teknik yapilabilirlik ve {retimdeki uygulanabilirlik
acisindan teyit edilmektedir. Ara¢ konfigiirasyonu
netlestikten sonra gerekli tiim miihendislik ve tasarim
caligmalar1 gergeklestirilmektedir. Miisteri talep ettigi
arag i¢in bir veya birden fazla siparis verebilmektedir.
Bu durumda tiim c¢aligmalar sadece bir defa
yapilmaktadir. Aracin {iretilmesi ve miisteriye teslim
edilmesiyle son bulan siparis isleme siireci Sekil 2°de
gosterildigi gibidir.

GUCLU BAGLANTI

Gitisi ve Tasarun Uretim Miusteri
Netlesmis Arag Calimalen  Cretime Sesbest Arag
Konfigiiasyonu Birakma Teslimi

v

Hatalar | Verimlilik

Sekil 2. Siparis isleme siirecinin is akisi

Siparis isleme siirecinde gergeklestirilen miihendislik
ve tasarim caligmalarinin tekrar edilmesine sebep olan
hatalar ortaya ¢ikabilmektedir. Bu hatalar ayni islerin
tekrar edilmesiyle isgiicli kapasitesinin gereksiz
kullanilmasina sebep olmaktadirlar. Bununla birlikte,
hatalarin siparig isleme siirecinin sonlarina dogru
ortaya ¢ikmasi durumunda, projenin zaman planini
ciddi olciide riske atmaktadir. Isletmenin amaci,
hatalarin azaltilmas1 ve erken tespitinin saglanmasiyla
mithendislik  calisma  maliyetinde azalma ve
verimlilikte artis elde etmektir.

Calisma kapsaminda siparis isleme siirecinde
miihendislik ve tasarim g¢alismalarimin  tekrar
edilmesine sebep olan hatalarin kaynaklandigi
boliimler yani alternatifler belirlenmis, bu béliimlerde
meydana gelen hatalarin siirecin hangi asamalarinda
ortaya  ciktiklar1  tespit  edilmistir.  Otomotiv
sektoriindeki firma yetkililerinden olusan karar
vericiler siparig igleme siirecindeki hatalarin meydana
geldigi boliimlerin 6nem siralamasini gergeklestirmek
amactyla ele alinacak kriterleri belirlemislerdir. Bu
kriterler, siparisteki ara¢ sayisi (C;), hatanin siirecin
hangi asamasinda tespit edildigi ( C, ), hatanin
diizeltilmesi i¢in parca ihtiyacinin olup olmamasi (Cz)
ve hatanin diizeltilmesi i¢in harcanan miihendislik
caligma siiresi (C,) olmak tizere dort ana baslik altinda
incelenmistir. Bu kriterlerin agirliklarinin belirlenmesi
icin dort karar vericinin goriisleri alimmistir.
Degerlendirmeleri  sonucunda  karar  vericilerin
aralarinda farkli derecelendirmeler bulundugundan ve
kendi derecelendirmelerinde de net olmadiklarindan

dolay1 TBE’lerden olusan tereddiitlii bulanik karar
matrisi olugturulmus ve matrisin elemanlar1 Tablo 1°de
verilmistir. Bu matristeki her bir TBE’nin degerleri
kiigiikten biiyiige dogru siralanmustir.

Tablo 1. Tereddiitlii bulanik karar matrisi elemanlar1

tablosu
Ci C; Cs Cq
KVi {0,2;0,4} 10,4;0,5;0,7} 10,3;0,4;0,5} 10,2;0,4;0,6;0,7}
KVy {0,4;0,5} 10,6;0,8} 10,3;0,5;0,8} 10,1;0,2;0,4}
KVs {0,3;0,5:0,6}  {0,4;0,5;0,6} 10,3;0,4;0,7} 10,1;0,5;0,6;0,7}

KVi {0,3:0,6:0,7}  {0.5:0,6:0,7:0.8} {0,4:0,5:0,7:0,8} {0,2:0,3;0,5:0,6}

Her bir kriter icin, farkli sayida iiyelik derecesi igeren
TBE’lerin eleman sayilarini esitlemek i¢in normalize
bulanik karar matrisi olugturulmustur. Bu amagla ilgili
kritere ait en uzun TBE’nin igerdigi deger sayisina
ulagincaya kadar her bir TBE’nin sonuna, kendi
igindeki en biiytik liyelik derecesi eklenerek Tablo 2’de
verilen normalize tereddiitlii bulanik karar matrisi elde
edilmistir.

Tablo 2. Normalize tereddiitlii bulanik karar matrisi
C C, C; C,

KV, {0,2;0,4;04} {0,4;0,5:0,7;0,7} {0,3;0,4;0,5:0,5} {0,2;0,4;0,6;0,7}

KV, {0,4;0,5,0,5} {0,6;0,8;0,8;0,8} {0,3;0,5;0,8;0,8} {0,1;0,2;0,4;0,4}

KV; {0,3;0,5:0,6} {0,4;0,5;0,6:0,6} {0,3;0,4;0,7;0,7} {0,1;0,5;0,6;0,7}

KV, {0,3;0,6;0,7} {0,5;0,6;0,7;0,8} {0,4;0,5;0,7;0,8} {0,2;0,3;0,5;0,6}

Esitlik (5) kullanilarak normalize tereddiitlic bulanik
karar matrisinde yer alan k. karar verici tarafindan j.
kriter i¢in normalize TBE oy icin entropi degeri
E (a,’( j) hesaplanarak normalize tereddiitlii bulanik
capraz entropi matrisi E Tablo 3’te verilmistir.

Tablo 3. Tereddiitlii bulanik ¢apraz entropi matrisi

Ci C2 Cs Cs
KVi 0,88355  0,97577  0,97587  0,99490
KV 0,99361  0,74755  0,95072  0,79857
KV; 0,99348  0,99521  0,99511  0,97415
KV4 0,98724  0,91255  0,96071  0,96071

Esitlik (6) ile hesaplanan kriter entropi degerleri ve
Esitlik (7) ile hesaplanan kriter entropi agirliklar: Tablo
4°te verilmistir.

Tablo 4: Kriter entropi degerleri ve kriter entropi

agirliklar
Ci (@) (O Cs
E; 0,9645 09078 0,9706  0,9321
Wi 0,1579  0,4098 0,1306 0,3018
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Hatalarin kaynakladigi on iki boliimiin her bir kritere
gore aldig1 degerlerden olusan alternatiflerin kriterlere
gore karar matrisi X, Tablo 5’te verilmistir.

Tablo 5. Karar matrisi

Ci C G Cy
A 4,0 14,0 0,571 3,0
A, 5,0 10,0 1,000 34,0
As 5,0 32,0 0,690 5,0
Ay 4,0 37,0 0,605 3,0
As 4,0 37,0 1,000 6,4
As 3,0 37,0 0,778 7,0
A, 3,5 37,0 0,333 5,0
Ag 2,0 37,0 0,000 5,0
Ao 5,5 23,5 1,000 8,0
Ay 3,0 49,0 0,667 13,0
A 4,0 37,0 0,565 9,5
An 1,5 10,0 1,000 23,5

Kriterlerin ortalamalar1 Esitlik (8)’e ve standart
sapmalar1 Esitlik (9)’a gore hesaplanmis ve Tablo 6 ile
sunulmustur.

Tablo 6. Ortalama ve standart sapma degerleri

Ci C G Cs
Ortalama 3,708 30,042 0,684 10,200
Standart Sapma 1,145 12,101 0,293 8,972

Esitlik (10) kullanilarak Tablo 7°da verilen standardize
karar matrisi Z olusturulmustur.

Tablo 7. Standardize karar matrisi

C G G Cy
Al 0,255 -1,326  -0,384  -0,802
A 1,128 -1,656 1,077 2,653
Az 1,128 0,162 0,021 -0,580
A4 0,255 0,575 -0,269  -0,802
As 0,255 0,575 1,077 -0,424
Ag -0,619 0,575 0,319 -0,357
Ay -0,182 0,575 -1,196  -0,580
Ag -1,492 0,575 -2,333  -0,580
Ao 1,565 -0,541 1,077 -0,245
Aio -0,619 1,567 -0,060 0,312
An 0,255 0,575 -0,406  -0,078
Ap -1,929  -1,656 1,077 1,482

Standardize matristeki her deger ilgili kritere ait Esitlik
(7) ile hesaplanan kriter agirlig1 ile ¢arpildiktan sonra i.
hatanin kaynaklandigi boliimiin j. kritere gore
agirhiklandirilmis  standardize edilmis degeri b;;
hesaplanmis ve bu degerlerden olusan
agirhiklandirilmis standardize B matrisi Tablo 8 ile
verilmistir.

Tablo 8. Agirliklandirilmig standardize matris

C C Cs Cy
A 0,041 0,514  -0,065  -0,225
As 0,184  -0,643 0,182 0,744
Az 0,184 0,063 0,004  -0,162
A4 0,041 0223  -0,045 -0,225
As 0,041 0223 0,182  -0,119
As -0,101 0223 0,054  -0,100
Ay -0,030 0,223  -0,202  -0,162
As -0,243 0223  -0,394  -0,162
Ao 0,255  -0210 0,182  -0,069
Ao -0,101 0,608  -0,010 0,087
An 0,041 0223  -0,068 -0,022
A -0,314  -0,643 0,182 0416

Esitlik (13) ile i. hatanin kaynaklandigi bolimiin
gelistirilmis alternatif degeri Gi hesaplandiktan sonra
bu degerler kullanilarak Esitlik (15) ile i. hatanin
kaynaklandig1 boliimiin 6nem derecesini temsil eden Fi
gelistirilmis alternatif 6nem degeri hesaplanmstir.
Gelistirilmig alternatif 6énem degerlerine gore hatanin
kaynaklandig1 her boliimiin hangi 6énem sirasina sahip
oldugu tespit edilmistir. Bu degerler Tablo 9’de
verilmistir.

Tablo 9. Gelistirilmig alternatif degerleri, gelistirilmis
alternatif 6nem degerleri ve siralama

Gelistirilmis
Gelistirilmis
alternatif 6nem Siralama
alternatif degerleri
degerleri
0,041 -0,514 12
0,184 -0,643 10
0,184 0,063 5
0,041 0,223 6
0,041 0,223 3
-0,101 0,223 4
-0,030 0,223 7
-0,243 0,223 9
0,255 -0,210 8
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Ao -0,101 0,608 1 Temel yaklasim olarak Taksonomi yontemi, karar

verme siirecini siiflandirma ve taksonomik bir yapiya
Au 0,041 0,223 2 dayandirirken, TOPSIS yontemi karar verme siirecini
Ajp -0,314 -0,643 11 performansa dayali olarak siralama ve ideal ¢dziime

benzerlik 6lgiitlerine dayandirir. Taksonomi yontemi,
secenekleri taksonomik diizende gruplara ayirir ve
smiflandirir. TOPSIS yontemi ise secenekleri ideal
¢oziime olan benzerliklerine gore siralar. Ayrica
optimal ve ideal bir alternatifin se¢imini hedefler.
Alternatifler pozitif ideal ¢dzliime olan benzerlige gére
stralanir, en yliksek benzerlige sahip alternatif en iistte
yer alir. Bu yontem ideal alternatiflere olan
benzerlikleri vurgular ve diger alternatiflerle kesin bir
denge saglamaz. Taksonomi yontemine benzer olarak
VIKOR yo6ntemi hem iyi sonuglari elde etmeyi hem de

V. SONUCLARIN KARSILASTIRILMASI

Onerilen yeni biitiinlesik tereddiitlii bulanik entropi
tabanli gelistirilmis taksonomi yontemi ile elde edilen
sonuclarin  karsilastirmas1 amaciyla elde edilen
sonuglar literatiirde sik¢a kullanilan ve etkinligi birgok
farkli caligmada gosterilmis iki farkl siralama yontemi
ile karsilastirilmigtir. Kriterlerin agirliklandirilmasinda
uygulamada kullanilan tereddiitlii bulanik entropi
yontemiyle bulunan agirliklar kullanilmistir. Ardindan

alternatifler TOPSIS ve VIKOR Yontemi ile siralanmis

ve sonuglar Tablo 10°da verilmistir.

Tablo 10. Siralama degerleri karsilagtirmasi

Biitiinlesik Tereddiitlii VIKOR

Bulanik Entropi Tabanli TOPSIS yontemi ile  yontemi ile

kotii sonuglar telafi etmeyi hedefler. Bu nedenle daha
esnek bir yaklagim sunar. Performansin dengelenme,
siire¢ 1iyilestirme ve hata analizi gibi konularda
kullanighdir. Bu yontemler, kompleks sistemlerin ¢ok
kriterli optimizasyonu i¢in gelistirilmistir. “Yakmliga”
dayali “ideal ¢oziim”iin bircok kritere gore ortaya
konulmasidir. Ideal alternatife yakinhk 6lciisiine gére

Gelistirilmis Taksonomi elde edilen siralama  elde edilen karsilagtinlarak uzlasik siralama yapilmaktadir. Bu
Yontem ile siralama siralama sebeple VIKOR ve Taksonomi yontemini igeren
A 12 12 12 biitiinlesik yaklasim benzer sonuclar verirken TOPSIS
| 0 yonteminden elde edilen siralama farklilagmistir.
A, 10
As 5 10 6 15
A 6 8 7
! 10
As 3 5 3
5
Ag 4 6 4
A, 7 9 8 0
Al A2 A3 A4 A5 A6 A7 A8 A9 A10A11A12
Ag 9 11 10
o «@ o Onerilen Biitiinlesik Yontem
Ay 8 7 5
- 0= TOPSIS
Aio 1 2 1
@ \/IKOR
An 2 4 2
An 1 3 11 Sekil 3. Farkli yontemlere ait sonuglarm

karsgilagtirilmast

Sonuglarin analizi i¢in siralamalar arasinda istatistiksel
bir fark olup olmadigini gozlemlenmek amaciyla
Spearman Rank Korelasyon uygulanmis ve Onerilen
yontem ile VIKOR arasindaki siralama korelasyonlari
anlamli bulunmustur. Korelasyon katsayisi1 0,951 dir
(p<0.05). Yeni yontem ile TOPSIS siralamalari
arasindaki  korelasyon ise istatistiksel olarak
anlamsizdir (p>0.05). Onerilen yéntemin belirsizligi de
icinde barmdirmasi yani sira ortalama ve standart
sapma gibi istatistikleri de kullanmas1 daha gergekgi ve
analitik sonuclar elde edilmesine olanak saglamistir.
Bu ¢alismada gergek bir hayat problemi ele alinmistir.
Onerilen yeni yontem ile elde edilen sonuglar,
calismanin  gerceklestirildigi  firmadaki uzmanlar
tarafindan incelenerek uygunlugu onaylanmistir ve
tutarli oldugu goriistine varilmistir.

Sekil 3° de bu galismada 6nerilen biitiinlesik yaklagim
ile TOPSIS ve VIKOR yontemleri ile elde edilen
siralama sonuglarinin  karsilastirmasi verilmektedir.
Buna gore oOnerilen biitiinlesik yontem ile VIKOR
yontemi ile elde edilen siralama sonuglarimin benzerlik
gosterdigi, ancak TOPSIS yontemi ile elde edilen
siralama  sonuglarmin  farklilastigi  net olarak
gozlenmektedir. Grafik sonuglar1 korelasyon testinden
elde edilen sonuglar1 desteklemektedir.

VI. SONUCLAR

Bu ¢aligmada, birgok farkli ¢eside sahip arag tlireten bir
otomotiv firmasinda miisteriye 6zel araglarin tasarim
ve miihendislik faaliyetlerinin siparis isleme siireg
verimliliginin arttirilmas1 yonelik yeni bir ydntem
onerilmistir. Bu yontem sayesinde siparis isleme
siirecinde ortaya ¢ikan hatalarin azaltilmasi, siire¢
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verimliliginin arttirilmasi ve hata kaynakli maliyetlerin
azaltilmasi  hedeflenmistir.  Onerilen  Biitiinlesik
Tereddiitlii Bulanik Entropi Tabanli Gelistirilmis
Taksonomi Yontemi projelerin  risk  diizeyini
azaltacagindan  firmaya biiyiik oOlgiide fayda
saglayacaktir. Onerilen yontem bir gercek hayat
problemine uygulanmis ve sonuglar elde edilmistir.
Elde edilen sonuglar incelendiginde Onerilen
yaklagimla elde edilen alternatif dnceliklerinin mevcut
yontemlerle elde edilenlerden daha giivenilir oldugunu
ve Onerilen yontemin siire¢ verimliligi igin yararli ve
etkili bir arag saglayabilecegini géstermektedir. Ayrica
Onerilen yontem, firmalarda herhangi bir siiregte
hatalarin veya problemlerin daha énemli bir role sahip
olduguna dair siralamalar ve bilgiler vermektedir. Bu
calismanin ilgili literatiire iki Onemli katkist
bulunmaktadir.  Birincisi, siireg  verimliliginin
arttirilmasina yonelik bir yeni yontem gelistirilmesidir.
Ikincisi, diizensiz bilgiyi ortadan kaldiran yani
belirsizlik iceren bir yapida bulunan veride bu durumu
ortadan kaldirmasidir. Ayrica ortalama ve yayilim
olgiilerini de kullanarak analitik yaklagimlarla birlikte
bilgi teorisi kavramiyla agirliklarin belirlenmesi
asamalar1 da  Onerilen yontemi giliclendiren
katkilardandir. Onerilen yontem yeni bir siralama
yaklagimi ortaya koymaktadir.

Gelecek caligmalarda bulanik mantigin ~ farkli
uzantilariyla birlestirilmis farkli ¢ok kriterli karar
verme yontemleri uygulanarak bolimler igin
siralamalar olusturulabilir. Farkli departmanlardaki
farkli boliimler farkli kriterlere gore incelenebilir. Bu
calisma kapsaminda yapilan hata analizi literatiirde
bulunan ve siklikla kullanilan Hata Tiirti ve Etkileri
Analizi ile ¢oOzlimlenebilir. Buradan elde edilen
sonuglarla onerilen yontem sonuglarinin kargilagtirmasi
yapilabilir. Hata Tiiri ve Etkileri analizi kismindaki
olasiliklar stokastik modelleme yapilarak
kurgulanabilir. Ayrica, siparis isleme siirecinde
karsilagilan hatalarin alt boyutlarina inilerek kok-neden
analizleri yapilarak ayrintil incelemeler
gerceklestirilebilir.  Boylelikle sorunlari  baglangig
asamasinda fark edebilme ve ¢oziimleyebilme olanagi
yakalanabilir.
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Abstract

Epoxy composites are high-strength and lightweight materials created by combining epoxy matrix with reinforcing materials.
Such composites have a wide range of applications in aviation, automotive, energy, and many other industrial sectors. In this
study, the effects of surface-coated expanded polystyrene (rEPS) bubbles added to epoxy matrix at different ratios (%1, %3,
%7, %11, and %14) on material properties were investigated. Material properties such as density, hardness, surface gloss at a
60° angle, and Charpy impact strength were measured according to varying rEPS ratios. The results showed that rEPS
bubbles reduced density, thereby reducing the weight of the material, affected surface gloss, and decreased impact strength.
There was no significant difference in hardness values, but impact strength decreased with increasing rEPS content. The
effects of homogeneous distribution of rEPS bubbles on material properties were examined, and it was emphasized that the
use of rEPS should be optimized with appropriate production processes. This study has been an important step in
understanding the performance of rEPS in epoxy composite materials and has provided a foundation for future research.
Keywords: Epoxy, Polymer Composites, Expanded Polystyrene, Sustainability, Recyled, Performance

Oz

Epoksi kompozitler, epoksi matris ve takviye edici malzemelerin bir araya getirilmesiyle olusturulan yiiksek mukavemetli ve
hafif malzemelerdir. Bu tiir kompozitler, havacilik, otomotiv, enerji ve bir¢ok endiistriyel uygulamada genis bir kullanim
alanina sahiptir. Bu ¢aligmada, epoksi matrise farkli oranlarda (%1, %3, %7, %11 ve %14) eklenen yiizeyi PA ile kaplanmig
genisletilmis polistiren (rEPS) baloncuklarin malzeme 6zellikleri iizerindeki etkileri incelenmistir. Yogunluk, sertlik, yiizey
parlaklig1 ve Charpy darbe mukavemeti gibi malzeme o6zellikleri, farkli tEPS oranina gore Olgiilmiistiir. Sonuglar, rEPS
baloncuklarinin yogunlugu azaltarak malzemenin agirhigini diislirdiiglinii, ylizey parlakligimi etkiledigini ve darbe
mukavemetini azalttigini gostermistir. Sertlik degerlerinde belirgin bir farklilik bulunmamistir. rEPS igerigi arttikca darbe
mukavemeti azalmistir. rfEPS baloncuklarinin homojen dagiliminin malzeme &zellikleri iizerindeki etkileri incelenmis ve
uygun tiretim siirecleri ile rEPS kullaniminin optimize edilmesi gerektigi vurgulanmistir. Bu ¢aligma, rEPS kullaniminin
epoksi kompozit malzemelerdeki performansini anlamak i¢in 6nemli bir adim olmus ve gelecekteki arastirmalar igin bir
temel saglamistir.

Anahtar Kelimeler: Epoksi, Polimer Kompozit, Genlestirilmis Polistiren, Siirdiiriilebilirlik, Geri goniisiim, Performans

I. INTRODUCTION

Expanded polystyrene (EPS) is a lightweight, cellular foam material that is produced by expanding polystyrene
resin through a specialized manufacturing process, and it is widely used in various applications. EPS is produced
by adding a gas (typically pentane) to polystyrene resin, which separates the polymer chains in the resin and
creates a foam structure, increasing the volume of the material. This expansion process not only results in EPS
having low density, but also makes the material lightweight and highly voluminous [1-3]. Due to its lightweight
nature, high thermal insulation properties, excellent mechanical strength, high performance, and sustainable
characteristics, EPS has become a preferred material for many industries.

EPS has a wide range of applications. In the construction sector, it is commonly used for thermal insulation,
subfloor insulation, wall panels, roof coverings, and insulation boards. It is also used as an insulating material in
the electronics sector, as components for automotive interiors and exteriors, in sports and recreational equipment,
and in many other industrial and consumer products. In addition to these applications, EPS is also used as a
lightweight and shock-absorbing packaging material in the packaging sector, due to its flexible structure, impact
resistance, and mechanical durability, to protect products during storage, transportation, and installation.
However, after its intended use, EPS becomes plastic waste. Although EPS is 100% recyclable, the challenges of
recycling and processing processes have led researchers to explore alternative ways of valorizing EPS, which is
becoming an increasing source of post-consumer waste. There are different methods for recycling EPS in its
waste form. EPS can be recycled through mechanical and chemical recycling methods. In mechanical recycling,
EPS  materials can be granulated and wused as raw material for the production
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of new products. In chemical recycling, EPS can be
chemically processed and used for the production of
new materials.

Recycled Expanded Polystyrene (rEPS) can increase
the use of EPS in construction materials and reduce
the environmental impact of waste EPS. By reducing
the density of concrete, rEPS helps make building
materials lighter and more sustainable [2, 4, 5].
Additionally, the high thermal insulation properties of
EPS can improve energy efficiency in buildings and
reduce energy consumption. The use of rEPS as a
material also contributes to the conservation of natural
resources and minimizes environmental impacts by
reducing waste. rEPS is also used in the shaping of
thermoplastic and thermoset materials through
polymer processing methods. Castro et al. [6] prepared
mixtures by blending rEPS into pure EPS through
injection molding process at variousratios (10%, 15%,
and 20%). They reported that the material
compressive  strength, impact resistance, glass
transition temperatures, and thermal diffusion changed
very little, while tensile strength, flexural strength, and
thermal conductivity decreased. The researchers
concluded that rEPS could be used in products such as
cases and packaging. Serin and Yildizhan [7]
produced low-density and high-modulus composites
using glass fiber, EPS, and epoxy, and indicated that
these new composites could be used in non-load-
bearing applications. Smorygo et al. [8] produced
ultra-low-density epoxy/polystyrene foam composites
with high specific strength and pseudo-plastic
behavior, and found that the composite components
exhibited a synergistic response. Aydogmus et al. [9]
produced epoxy biocomposites reinforced with waste
EPS and reported a 9% reduction in production cost in
biocomposite production with the use of waste EPS.

Composite materials made by combining recycled
expanded polystyrene (rEPS) and epoxy resins
represent an important class of materials that offer a
combination of sustainability and performance [4].
These composite materials are considered as a solution
for wusing environmentally friendly materials,
leveraging the lightweight, high thermal insulation,
and excellent mechanical strength properties of EPS,
as well as the durability, chemical resistance, and low
viscosity of epoxy resins. The production of
composite materials by combining rEPS with epoxy
resins helps reduce waste generation and offers a
sustainable solution in terms of recycling. In addition,
the lightweight, high thermal insulation properties,
and excellent mechanical strength of rEPS contribute
to the improved sustainability and performance of the
composite materials. The fields of application for
composite materials made by combining recycled EPS
and epoxy resins are extensive. They can be used in
the construction sector for applications such as
thermal insulation panels, subfloor insulation, roof
coatings, and structural elements. Moreover, they have
potential uses in the automotive industry for interior

and exterior components, packaging sector, sports and
recreation equipment, and many other industrial and
consumer products. The use of composite materials
made by combining recycled EPS and epoxy resins
promotes an environmentally friendly approach by
reducing waste and encouraging sustainable material
usage. The use of such materials may contribute to the
conservation of natural resources, energy savings, and
reduction of carbon footprint.

Samsudin et al. [10] coated EPS beads with epoxy
resin and then hardened them at high temperature,
resulting in a shrunk hollow structure. Reemas and
Maheswaran investigated the effect of EPS volume
fraction on the buoyancy properties of EPS/epoxy
sandwich composites and observed that buoyancy
properties improved with increasing EPS ratio [11].
Inoue et al. [12] developed an absorber capable of
absorbing millimeter wavelength by adding PS
bubbles to an epoxy matrix. The researchers found
that the absorber could be transformed into various
shapes, such as chips and pyramids, and could be used
to protect telescopes from scattered light. Li et al. [13]
added PS additives at specific ratios to improve the
mechanical properties of carbon fiber reinforced
epoxy composites. The optimum PS additive ratio was
found to be 2.5%, and at this dosage, the tensile
strength, tensile modulus, flexural strength, flexural
modulus, and impact strength of the adhesive
increased, while the PS particles deformed
significantly and absorbed energy when the matrix
fractured. Vaitkus et al. [14] examined the effect of
average bead size on the density of EPS samples. It
was observed that the pressure on the EPS sample
affected the structure and the durability and stability
were related to stress. Wang et al. [15] created
controlled void defects on EPS modified epoxy resin
samples and examined their mechanical behavior
using digital image correlation and image-based finite
element method. Experimental results showed that
void defects had an effect on the tensile, compressive,
and deformation properties of the samples, and
influenced the mechanical behavior of epoxy resin.

Surface gloss is an important factor that affects the
appearance, quality, and usability of epoxy composites
[16]. A smooth and glossy surface enhances the
aesthetic value of the composite and provides a more
appealing appearance [17]. Surface gloss depends on
various factors such as the quality of the epoxy resin
and curing agents used, type and ratio of
reinforcement  materials,  production = method,
processing conditions (temperature, humidity, etc.),
surface preparation, and final finishing steps [18].
High surface gloss in epoxy composites is desired in

decorative and aesthetic applications (coatings,
flooring, furniture, decorative items, etc.) as it
enhances the attractiveness and professional

appearance of the product [19, 20]. In fields such as
automotive and aerospace, high surface gloss can
improve aerodynamic performance and reduce air
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friction [21]. Moreover, high surface gloss allows for
easy cleaning, maintenance, and visual inspection of
composite parts [22-25].

The importance of sustainability and environmentally
friendly approaches is increasing in today's world.
Therefore, it is expected that the use of composite
materials combining recycled EPS and epoxy resins
will  increase.  Research and  technological
advancements are encouraging the widespread use of
rEPS and epoxy resins in composite materials, leading
to potential applications in various industries such as
automotive, aerospace, construction, packaging,
marine, electronics, and others. This could be a
significant step towards a sustainable future. Due to
the superior properties of both epoxy resins and EPS,
it is expected that the use of rEPS and epoxy resins in
composite materials will increase [26, 27].

In this study, changes in the properties of density,
surface gloss, hardness, and impact resistance of the
material will be investigated by adding rEPS to epoxy
matrix at different ratios. Additionally, the aim is to
create economic value by recycling non-recycled
rEPS, designing and producing new composite
products  with epoxy as sustainable and
environmentally friendly alternatives, reducing waste
quantity, preventing environmental pollution, and
promoting sustainable use of natural resources.

II. MATERIALS AND METHODS

2.1. Materials and Preparation Techniques

The commercial code ERA 4000 (Teknomarin) two-
component solvent-free epoxy system was used as the
matrix material in the study. The technical
specifications of ERA 4000 epoxy system are given in
Table 1.

Table 1. Technical specifications of ERA 4000 epoxy

system

Technical Unit Value

Specifications

Volume Solids % 100
Density g/em3 1.1
Color - Clear
Gloss - Glossy
Dry Film Thickness u 200 p
Theoretical °C 5200 p) -2
Coverage (500 p)
Application Range m?/1t +15 ~+35
Initial Cure (20°C) hour 1
Full Cure (20°C) hour 6
Ready for Service hour 24
Mixing Ratio (by wt. % 2A/1B
weight)
Mixing Ratio (by vol.% 2A/1B
volume)
Pot Life (20°C) minute 35

It has been obtained from packaging waste used for
protective purposes, specifically EPS beads, added to
epoxy to reduce weight. The surface area was
calculated by separating EPS particles/bubbles. The
mass, surface area, and volume of the EPS bead were
modeled in SolidWorks software. One EPS bubble has
an average diameter of 2.4 mm, a surface area of
15.67 mm?, and a volume of 5.29 mm3. The drawing
of the EPS bubble modeled in SolidWorks software is
given in Figure 1.

~@2.4

SolidWorks software

To improve the interfacial properties between epoxy
and EPS, and to prevent voids and crack formation
due to the geometry of EPS particles/bubbles,
liquidized PA6 obtained from injection runner waste
and dissolved in formic acid solution was used to coat
the surface of EPS particles/bubbles. The density of
PAG6 is 1.14 g/cm?, the melting temperature is 221 °C,
and the relative viscosity (in 1% H.SO4 (96%)
solution at 20 °C) is 2.7. Prior to the dissolution
process, PA6 was pulverized and converted into
powder form using a Lavion HC500 Y brand grain
mill, as shown in Figure 2, to shorten the processing
time.

| S

Grain mill

‘ Ground PA6 powder

Figure 2. Lavion HC500 Y brand grain mill was used
to pulverize and convert PA6 into powder for

2.2. Dissolution of PA6 and Coating of EPS Surface
For the dissolution process, a formic acid
concentration of 90% was prepared. The pulverized
and converted PA6, as shown in Figure 2, was added
to the prepared mixture. The mixture was then stirred
at 80°C and 200 rpm for 6 hours using a Heidolph
heated magnetic stirrer to dissolve PA6 and convert it
into liquid form. An image of the dissolution process
is given in Figure 3.
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Coating of EPS surfaces with PA6 in granular form
was carried out using a custom-made mixer device
with a rotating drum and air blowing at 40 °C, as
shown in Figure 4. The drum of the mixer was rotated,
and the dissolved PA6 solution was sprayed onto the
EPS bubbles inside the drum every two minutes (5
times) in a mist form, ensuring a homogeneous
coating of EPS bubble surfaces with PA6 for a
duration of ten minutes. Care was taken to ensure that
the PA6 solution was sprayed evenly onto the

Control Panel Rotary drum

styrofoam bubbles throughout the process. After these
steps, the hot air blower of the mixer was turned on,
and the EPS+PA6 solution was stirred for an
additional 10 minutes at 40 °C to dry. To prevent
moisture-related molding defects during the
preparation of composites, to protect the coated
surfaces, and to prevent PA6 from absorbing moisture,
the coated EPS particles were allowed to dry in an
oven at 40 °C for 24 hours after the application.

)| Hot air lance

Figure 4. Hot air blown and rotary drum mixer

2.3. Preparation of Epoxy/PS(+PA6) Composites
Epoxy resin (A) and hardener (B) components were
weighed in a 2:1 ratio using a precise balance. The
mixture was thoroughly mixed for about five minutes
until a homogeneous consistency was achieved. The
mixing process was done quickly to prevent the
formation of air bubbles. Petri dishes with a diameter
of 80 mm and a thickness of 3 mm were used as
casting molds for the samples. Mold release agent was
applied to the surfaces of the petri dish to facilitate
easy removal of the cured epoxy from the mold. The
mixed epoxy and hardener mixture was poured into
the mold. Air bubbles formed in the resin were
removed using a spatula, and EPS bubbles coated with
PAG6 were placed in the epoxy resin according to the
volume calculation using forceps. After the process,
the epoxy was left to cure for 24 hours. After curing,
the cast parts were removed from the mold.
Epoxy/PS(+PA6) composites were prepared by adding
PA6-coated EPS bubbles to the epoxy in volume
ratios of 3%, 7%, 11%, and 14%. The products were
coded with the first letter of the epoxy word, EPS, and
the volumetric EPS ratio. For example, the E/EPS03
code indicates that the epoxy contains 3% volumetric
EPS bubbles. The images of the prepared products are
shown in Figure 5.

Figure 5. Appearance of epoxy composite samples

2.4. Density Measurement

Density measurements of prepared Epoxy/PS(+PA6)
composites were conducted by first weighing the
samples on a precision balance. Then, the composite
samples prepared at different ratios were immersed in
a precise water container filled with alcohol, ensuring
complete submersion. The level of the water container
was recorded. After removing the sample from the
alcohol, the level to which the alcohol dropped was
also recorded. The densities were calculated using the
equation provided in Eq.l1, where the mass change
represents the change in weight of the water container
when the sample is immersed, and the changing
volume represents the difference between the levels to
which the alcohol rises and drops.
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Mass change

Density = @

Change in volume of liguid

2.5. Hardness Measurement

According to ASTM D2240 standard, hardness
measurements are commonly used in many industrial
applications such as evaluating the mechanical
properties of materials, ensuring quality control
processes, and predicting product performance. Shore
D scale and Loyka Brand hardness measurement
device were used to measure the hardness of the
samples in accordance with ASTM D2240 standard.

2.6. Charpy Impact Test

A V-notch Charpy impact test was conducted on
samples using a 5.0 J pendulum hammer according to
ISO179-1 standard on an Instron-120D model
machine. V-notches with a radius of 0.1 were created
on the samples in accordance with ISO 294-1. Pictures
of the specimens used for the impact test casting are
provided in Figure 6.

rEPS beads

Figure 6. Production of Charpy impact test specimens

2.7. Surface Gloss Measurement

Surface gloss measurements were performed using an
Elcometer brand micro-gloss meter at a projection
angle of 60° to evaluate the surface's ability to reflect
light. A 60° projection angle is commonly used for
gloss measurements of paints, coatings, plastics, and
other surface coatings.

III. RESULTS AND DISCUSSION

3.1. Density Measurement Results

The density measurement results of the prepared
Epoxy/PS(+PA) composites are given in Table 2 and
their graphical comparison is shown in Figure 7.
Comparing the densities given in the table, the sample
coded as E/EPSO00 has the highest density (1.10
g/cm?), while the sample coded as E/EPS14 has the
lowest density (0.87 g/cm?®). The other samples can be
ranked in terms of density between these two samples.
Therefore, the sample coded as E/EPS00 can be
considered as the most dense, and the sample coded as
E/EPS14 can be considered as the least dense. It can
be observed that the addition of EPS(+PA) bubbles
into epoxy reduces the density of epoxy and
consequently reduces the weight of the material.
When 3% EPS(+PA6) is added into epoxy, the density
of the sample decreases by approximately 11%
compared to pure epoxy. When 7% EPS(+PA6) is
added, the density of the sample decreases by
approximately 14.5% compared to pure epoxy. When
11% EPS(+PA6) is added, the density of the sample
decreases by approximately 19% compared to pure
epoxy, and when 14% EPS(+PA6) is added, the

density of the sample decreases by approximately 21%
compared to pure epoxy.

Reducing the density of a material can provide some
advantages in specific applications or designs.
Especially in areas where weight is critical, such as
automotive, aerospace, space, and defense industries
where composites made of epoxy are used and
lightweight is important, adding EPS bubbles into
epoxy can achieve the desired effect [14,15]. Factors
such as the requirements of the application,
performance expectations, cost factors, and production
processes should be taken into consideration in such
applications. Each material has its unique properties,
and it should be remembered that density is just one
factor that affects the field of use and performance of
a material.

When the results are examined in terms of weight, it is
observed that when 3% EPS(+PA6) is added to epoxy,
the weight of the specimen decreases by
approximately 13% compared to pure epoxy.
Similarly, when 7% EPS(+PA6) is added, the weight
of the specimen decreases by approximately 17%
compared to pure epoxy. When 11% EPS(+PA6) is
added, the weight of the specimen decreases by
approximately 21% compared to pure epoxy, and
when 14% EPS(+PA6) is added, the weight of the
specimen decreases by approximately 23% compared
to pure epoxy. There are many important advantages
of weight reduction with additives in epoxy
composites [28-30]. These include performance
improvement, energy efficiency, cost reduction,
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environmental sustainability, and ease of use. For
these reasons, the use of lightweight epoxy composite
materials is preferred in many industries, especially in
aviation, automotive, aerospace, marine, and wind
energy sectors [31, 32]. The use of lightweight
materials can contribute to increased performance,

reduced energy consumption, lower costs, support for
environmental sustainability, and ease of use.

Table 2. Density measurement results

CODE EPS(+PA) (wt.%) Total Weight (g) Density (g/cm?)
E/EPS00 - 115.20 1.10
E/EPS03 3 100.16 0.98
E/EPS07 96.04 0.94
E/EPS11 11 91.02 0.89
E/EPS14 14 89.11 0.87
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Figure 7. Variation of density and weight according to
EPS filling ratio

3.2. Hardness Measurement Results

The hardness measurement results of the prepared
Epoxy/PS(+PA) composites are given in Table 3 and
compared graphically in Figure 8. When the results in
the table are examined, it can be seen that there is no
significant difference in hardness among the epoxy
composite samples. These results indicate that the
hardness values of the samples are similar and within
a close range. The hardness values of the samples
coded as E/EPS00 and E/EPS03 are the same,
measured as 82 Shore D. The hardness values of the
other samples range between 80-81 Shore D. As the
additive ratio increases, the differences in hardness
measurement values also increase. In areas where
EPS(+PAO6) bubbles are present within the matrix, the
epoxy thickness is relatively lower compared to other
regions. As a result, measurements taken on the
surfaces with EPS (+PA6) bubbles indicate lower
hardness values. Although there are no significant
differences in hardness within the sample, it is thought
that there is a difference in hardness, and the
EPS(+PA6) bubbles are considered to be effective in
this difference [33, 34].
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Figure 8. Variation of hardness according to EPS
filling ratio

3.3. Surface Gloss Measurement Results

The measurement results of surface glossiness
obtained at a 60° projection angle using an Elcometer
brand micro-gloss meter are given in Table 3 and
compared graphically in Figure 9. According to the
results, surface glossiness values in Gloss Units (GU)
are specified for samples coded as E/EPS00, E/EPS03,
E/EPS07, E/EPS11, and E/EPS14. The surface
glossiness values were measured as 95.8 GU, 87.4
GU, 81 GU, 77.6 GU, and 64.0 GU, respectively.
According to the results, the E/EPS00 sample falls
into the very high glossiness class, E/EPS03 sample
falls into the high glossiness class, E/EPS07 sample
falls into the medium glossiness class, E/EPSI11
sample falls into the low glossiness class, and
E/EPS14 sample falls into the very low glossiness
class. These values indicate that the surface glossiness
of the samples is different and decreases in a specific
order. The sample coded as E/EPS00 has the highest
glossiness value of 95.8 GU and has a shinier surface
compared to other samples. The samples coded as

384



Epoxy Composites

Int. J. Adv. Eng. Pure Sci. 2023, 35(3): 379-388

E/EPS03, E/EPS07, E/EPS11, and E/EPS14 have
surface glossiness values of 87.4 GU, 81 GU, 77.6
GU, and 64.0 GU, respectively, which are lower than
the E/EPS00 sample. The results show that the surface
glossiness of the samples may vary depending on
factors such as material composition, processing, or
surface treatment, and there is a specific pattern
among the samples. Surface glossiness is an important
characteristic depending on the appearance, aesthetic
value, and intended use of materials, and it stands out
as a parameter that needs to be controlled in
production processes [35].
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Figure 9. Variation of surface gloss according to EPS

filling ratio

Table 3. Hardness and surface gloss measurement results

14

CODE EPS(+PA) (wt.%) Hardness (Shore D) Surface Gloss (GU 60°)
E/EPS00 - 82+1 (0.7)* 95.8
E/EPS03 3 82+1 (0.5)* 87.4
E/EPS07 7 81+2 (0.3)* 81.0
E/EPS11 11 81+2 (0.4)* 77.6
E/EPS14 14 80+2 (0.3)* 64.0

* The values within parentheses represent the standard deviation

3.4 Charpy Impact Test Results

The impact strength of pure epoxy (E/EPS00) was
determined to be 5.3 kJ/m?. For the samples labeled as
E/EPS03, the impact strength was found to be 4.8
kJ/m?, while for E/EPS07, E/EPS11, and E/EPS14
samples, the impact strength values were 4.8 kJ/m?,
2.9 kJ/m?, and 1.1 kJ/m?, respectively.

Upon examining the impact strength values of epoxy
samples, it is observed that the impact strength
decreases with an increase in rEPS content. E/EPS00
and E/EPS03 samples exhibit higher impact strength,
whereas E/EPS07, E/EPS11, and E/EPS14 samples
show lower impact strength, in accordance with
literature [36]. The decrease in impact strength with an
increase in rEPS content is believed to be attributed to
the relatively larger size of rEPS particles [37,38].
Smaller particle sizes generally improve impact
strength by increasing contact points, enhancing
resistance to external forces, and improving load
transfer and stress distribution. Larger particles,
however, can create stress concentration points,
weaken the material, and hinder proper interlocking
and bonding, reducing its ability to absorb and
dissipate energy during impact [39-41].
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Figure 10. Variation of Charpy impact strength
according to EPS filling ratio
IV. CONCLUSION

In this study, density, hardness, and surface gloss of
epoxy composites prepared using epoxy matrix and
varying amounts of rEPS were measured, and impact
testing was performed on the samples. The results
showed that the use of rEPS in epoxy composite
materials has specific effects on material properties.
Material properties such as density, hardness, and
surface gloss vary depending on the rEPS content. The
general findings obtained from this study are as
follows:
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1. It was observed that rEPS bubbles reduce the
density and weight of epoxy composite
materials, which can provide advantages in
areas where lightweight materials are used,
such as aviation, automotive, and energy.

2. Surface gloss of the samples varies
depending on the rEPS bubble content.

3. There were no significant differences in
hardness values among the samples.
However, partial changes in hardness are
thought to occur especially in regions where
rEPS bubbles are present. Therefore, it is
recommended to carefully select the material

and TrEPS bubble content considering
application  requirements and  usage
conditions.

4. According to the impact strength test results
of epoxy samples, it was observed that
impact strength decreases with increasing
rEPS content. Samples coded as E/EPS00
and E/EPS03 have higher impact strength,
while samples coded as E/EPS07, E/EPS11,
and E/EPS14 have lower impact strength.
These results are in accordance with the
literature, indicating that the increase in the
amount of large-sized rEPS in epoxy can
negatively affect impact strength. The
reasons for this decrease should be
investigated in more detail. Understanding
the effect of rEPS content on impact strength
can help to properly evaluate the use of
composite materials in structural
applications.

5. Production processes should be carefully
adjusted  for  ensuring  homogeneous
distribution of rEPS additives in composite
materials. Achieving homogeneous
distribution can contribute to achieving
desired material properties.

6. It was concluded that the use of rEPS has an
effective impact on the material properties of
epoxy composite materials, but positive
results can be obtained through proper
selection,  production  processes, and
performance testing. This study encourages
further research on the use of rEPS in epoxy
composite materials.
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Is Giivenligi Uzmanlarinda Rol Belirsizligi ve Rol Catismasinin Mesleki
Tiikenmislikle Iliskisi

The Relationship of Role Uncertainty and Role Conflict with Occupational Burnout in
Occupational Safety Specialists

Tufan OZTURK !
![stanbul Esenyurt, Universitesi Meslek Yiiksekoklu, Is Saghgi ve Giivenligi Programi, 34510, Istanbul, Tiirkiye

Oz

Bu aragtirma is giivenligi uzmanlarinin rol belirsizligi, rol ¢atismasi ve tiikenmislik durumlarimi ¢esitli degiskenler agisindan
incelemeyi amaglamistir. Arastirmada kullanilan veriler anket sistemiyle toplanmistir. Bu amagla rol gatigmasi ve rol
belirsizligi dlgegi ile Maslach Tiikenmiglik Slgegi kullanilmigtir. Aragtirmaya 308 is giivenligi uzmani katilim saglamustir.
Arastirmada t testi, ANOVA, MANOVA, pearson korelasyon analizi ve dogrusal regresyon analizi gibi parametrik
istatistiksel yontemler kullanilmistir. Bu analiz sonuglarmma gore is giivenligi uzmanlarinin rol ¢atismasi puaninin, rol
belirsizligi puanina gore daha yiiksek oldugu; orta diizeyde duygusal tikkenme, yiiksek diizeyde duyarsizlagsma ve diisiik
diizeyde kigisel basar1 hissi yagadiklari; bunlarin da is glivenligi uzmaninin smifina, yasina, cinsiyetine medeni durumuna,
calisilan sektoriin tehlike durumuna gore degistigi; ayrica rol belirsizligi ve rol ¢atismasinin tiikkenmisligi yordadigi
bulgularma ulasilmistir. Caligma sonunda bulgular yorumlanmis ve ¢esitli 6nerilerde bulunulmustur.

Anahtar Kelimeler: Is Saglig1 ve Giivenligi, [s Giivenligi Uzmam, Rol Belirsizligi, Rol Catismasi, Tiikenmislik

Abstract

This study aimed to examine the role ambiguity, role conflict, and burnout levels of occupational health and safety specialists
in relation to various variables. The data for the study were collected through a questionnaire system. For this purpose, the
Role Conflict and Role Ambiguity Scale and the Maslach Burnout Inventory were used. A total of 308 occupational health
and safety specialists participated in the study. Parametric statistical methods such as t-test, ANOVA, MANOVA, Pearson
correlation analysis, and linear regression analysis were employed. According to the results of the analysis, it was found that
occupational health and safety specialists had higher scores in role conflict compared to role ambiguity. Moreover, they
experienced moderate levels of emotional exhaustion, high levels of depersonalization, and low levels of personal
accomplishment. These findings were found to vary based on the specialist's professional class, age, gender, marital status,
and the hazard level of the industry they worked in. Furthermore, it was determined that role ambiguity and role conflict
predicted burnout. The findings of the study were interpreted, and various recommendations were provided.

Keywords: Occupational Health and Safety, Occupational Safety Specialist, Role Ambiguity, Role Conflict, Burnout

I. GIRIS

Tiirkiye’de her y1l yaklasik 400 bin is kazas1 meydana gelmekte ve bu kazalara bagl olarak ortalama 1500-2000
kisi yasamim kaybetmektedir [1, 2]. Bu is kazalarmin 6nlenmesi; basta insani bir gereklilik ve devlet sosyal
politika sistemi bakimindan ciddi bir sorumluluktur [3-5]. Devletin bu sorumlulugunu yerine getirebilmesi i¢in
oncelikli gorevlerinden birisi mevzuat hazirlamaktir. Bu kapsamda 2012 yilinda 6331 sayili Is Saghgi ve
Giivenligi Kanunu yasalagsmistir. Bu kanunun en 6nemli amaci is yerlerindeki saglik ve giivenlik sartlarmin
saglanmas1 veya iyilestirilmesidir [6]. Bu kanuna gore isveren isyerinde saghk ve giivenlik sartlarmin
saglanabilmesi i¢in kendisine rehberlik ve danismanlik yapmak iizere is glivenligi uzmani gorevlendirebilir veya
ortak saglik ve giivenlik birimlerinden hizmet alabilir. Is giivenligi uzmani ise mevzuat ve teknik gelismeler
1s1g1nda isyerindeki is saglig1 ve giivenligi alanindaki eksikleri, aksakliklar1 ve bunlara doniik tedbir ve onerileri
belirleyerek igverene yazili olarak bildirmek zorundadir. Bildirilmis bu eksik ve aksakliklarin isveren tarafindan
giderilmemesi durumunda ortaya ciddi sonuglar1 olabilecek zararlarin ¢ikma olasiligi varsa da is giivenligi
uzmani bu konuyu bakanliga bildirmekle sorumludur. Béyle bir durumda bildirimde bulunmayan uzmanin
belgesi iptal edilebilmektedir. Bu bildirim nedeniyle is giivenligi uzmaninin is sdzlesmesine son verilemeyecegi
ve hak kaybina ugratilamayacagi kanunda yer almaktadir [6].
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Ancak bdyle bir bildirim is giivenligi uzmaniyla
isvereni kars1 karstya getirmektedir. Ozellikle is
giivenligi uzmanlarmin ¢alisma sekline gore dogrudan
veya dolayli olarak maasini igverenden almasi bdyle
bir bildirim nedeniyle ig giivenligi uzmanini igverene
kars1 giigsiizlestirmektedir. Bu ve benzeri nedenlerle is
giivenligi uzmanlarmin bu bildirim sorumluluklarini
tam olarak yerine getiremedikleri sdylenebilir. [3, 7].
Diger taraftan toplumda heniiz olusmamas is giivenligi
kiilltirii. nedeniyle ¢alisanlarin da i giivenligi
uzmanlarinim igyerindeki tespit ve Onerilerine kayitsiz
kaldig1 arastirmacilar tarafindan ifade edilmektedir [8,
9]. Bu nedenlerle is giivenligi uzmanlarinin;
mevzuattan kaynakli yasal yiikiimliiliikleri, kendi
igvereniyle olan patron ig¢i iligkisi ve calisanlarin is
sagligi ve giivenligi kurallarina kars1 kayitsizliklar
arasinda kaldiklarin1 s6ylemek yanlis olmayacaktir.
Dolayisiyla is giivenligi uzmanlarinin; mevzuat ve
igveren beklentilerini tam ve es zamanli olarak yerine
getirmekte zorlanacagi asikardir. Bu bakimdan is
giivenligi uzmani mevzuatin beklentisini tam olarak
karsiladiginda is giivencesizligiyle kars1 karsiya
kalirken  patronun  beklentisini  tam  olarak
kargiladiginda ise idari veya cezai yaptirimlarla
karsilasabilmektedir. Is giivenligi uzmanlarinmn iginde
bulundugu bu durum ise modern anlamda rol
belirsizligi ve rol c¢atigmast olarak tanimlanabilir.
Ayrica is gilivenligi uzmanlar1 bu ve benzeri etkiler
nedeniyle tiikenmislik gibi dnemli bir psikososyal risk
etmenine maruz kalmaktadir.

Is giivenligi uzmanlarinin maruz kaldigi psikososyal
risklerin arastirildigi son yillara ait 6nemli ¢alismalar
mevcuttur. Bu kapsamda: Karakaya (2018) bu meslek
grubunun is stresi ve is gilivencesizligi durumunu
incelemistir [10]. Bu c¢aligmasinda ortak saglik ve
giivenlik birimlerinde gdrev yapan veya yetki
kullanma problemi olan is giivenligi uzmanlarinin
yiiksek derecede is stresi yasadiklart bulgusuna
ulasmigtir. Ayrica is giivenligi uzmanlarinin s
giivencesinin saglamlastirilmast gerekliligine vurgu
yapmugtir. Aytag, Engin ve Imanhi (2020) ise is
giivenligi uzmanlarmin ise iligkin duygusal iyi olus
halini, mutluluk ve yasam tatmini iliskisini
incelemislerdir. Bu c¢aligmalarinda is giivenligi
uzmanlarmin isle ilgili iyilik algilarmin, mutluluk
diizeylerinin ve yasam tatminlerinin uzmanlik sinifina
gore farklilastigi bulgusuna ulasmiglardir. Ayrica is
giivenligi uzmanlarinin isle ilgili duygularmin da
mutluluk ve yasam tatminlerini etkiledigi sonucuna
varmislardir [11]. Aytag, Akalp ve Gokge (2016) ise is
giivenligi uzmanlarmm A-B-C smiflarina gore ise
bagl stres ve tiikenmislik diizeylerini incelemiglerdir.
Bu c¢alismalarinda is giivenligi uzmanlariin is stresi
ve tlikenmiglik seviyelerinin uzmanlik smifina,
sektoriin tehlike smifina ve is giivenligi uzmanimin

cinsiyetine gore farklililk gosterdigi bulgusuna
ulasmiglardir ~ [12].  Alanda  yapilan  benzer
caligmalarda; i glivenli§i uzmanlarmin stres,

tikenmislik, isten ayrilma niyeti, is doyumu, is

giivencesizligi, kaygi, orgiitsel baghlik, is yiki ve is
tatmini diizeylerinin arastirildigt ve bu diizeylerin
demografik  Ozelliklere  gore  karsilastirildigt
gorillmiistir.  Ancak  Tirkiye’de is  glivenligi
uzmanlarimin rol belirsizligi, rol c¢atismasi ve
titkenmislik diizeylerini es zamanl olarak ele alan bir
calismaya rastlanamamistir. Oysa yukarida da ifade
edildigi gibi is giivenligi uzmanlarinin rol belirsizligi,
rol ¢atigmast ve bunlarin ortaya ¢ikarabilecegi
titkenmiglik durumlarinin incelenmesi olduk¢a 6nemli
goriinmektedir.

II. ROL BELIRSIZLiGi

Rol belirsizligi; kisilerin kendisinden beklenenleri
rahatlikla anlayamadigi veya anlasa bile bu
beklentilerin kendi inandig1 diisiincelerle gelismesi
durumunda meydana gelmektedir. Baska bir ifadeyle
kisiler; goreviyle ilgili yapmas1 gerekenleri tam olarak
bilemedigi, gerekli bilgilerin kendisine eksik verildigi
veya goOrev taniminin yeteri kadar net olmadigi
durumlarda rol belirsizligi yasamaktadirlar [13—18].
Rol belirsizliginin; ¢alisanlarda gerginlik, kaygi, stres,
i tatminsizligi ve endise gibi durumlar artirdigi
birgok aragtirmada ortaya konmustur [18-20].
Sabuncuoglu (2008) caligmasinda rol belirsizligi ve
rol ¢atigmasinin tiikkenmisligin duygusal yorgunluk ve
duyarsizlasma  boyutlarmi  artirdigt  bulgusuna
ulagmistir [21]. Tung (2008) saglik calisanlariyla ilgili
aragtirmasinda rol belirsizligi ve rol c¢atigmasimnin
tilkenmislikle istatistiksel olarak anlamli bir iliski
i¢cinde oldugunu belirlemistir [22].

I11. ROL CATISMASI

Rol gatigmasi kisilerin birden fazla ve birbirleriyle
gelisen rollere sahip oldugunda; bu rollerin kisiden

yerine getirilmesi istendiginde; yerine getirmesi
gereken role ait beklentilerin kisi tarafindan
anlagilamadiginda; anlasilsa bile bu beklentilerin

kisinin kendi inandig1 disiincelerle ¢elistiginde veya
bir role digerlerine gore daha fazla uymasi
gerektiginde meydana gelmektedir [18, 23-25]. Rol
catigmasinin i gerilimi ve endisenin artmasinda etkili
oldugu bir¢ok c¢alismayla belirlenmistir [20]. Ayrica
rol catigmasiin tiikenmislikle de iliski i¢inde oldugu
bir¢ok arastirmaci tarafindan ortaya konmustur [18,
21, 26-31]. Baz1 aragtirmacilar ise rol ¢atigsmasiyla,
tikenmisligin bir alt boyutu olan sadece duygusal
tikenmislik arasinda bir iligkinin varhigmi ifade
etmislerdir [32, 33]. Diger taraftan Jackson, Turner
ve Brief (1987) yaptiklart ¢aligmalarinda rol
catismasiyla duygusal tiikenme ve duyarsizlagsma
arasinda anlamli bir iligkinin varligini belirlemislerdir
[34].

IV. TUKENMISLIK

Tiikenmislik ilk olarak Freudenberger (1974)
tarafindan “Basarisiz olma, yipranma, enerji ve gii¢
kayb1 veya karsilanamayan istekler sonucu bireyin ig¢
kaynaklarinda tilkkenme durumu” olarak
tanimlanmustir [35]. Kendi ismiyle anilan tiikenmiglik
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Olgeginin gelistiricisi de olan Christina Maslach ise
tikenmisligi i¢ boyut altinda ele alarak “isi geregi
insanlarla yogun bir iligki igerisinde olanlarda goriilen
duygusal tiikenme, duyarsizlasma ve kisisel bagari
hissinde azalma bi¢iminde tanimlamistir [36, 37].
Bunlardan duygusal tilkenme bireyin duygusal ve
fiziksel kaynaklarindaki azalma seklinde tarif
edilmektedir [38]. Ayrica duygusal tikenmenin daha
cok insanlarla yiiz ylize olunan gerek psikolojik
gerekse duygusal taleplere maruz kalinan mesleklerde
siklikla goriildiigii ve kisinin iginde bulundugu duygu
durumunu gosterdigi ifade edilmektedir [35, 38—40].
Duyarsizlagsma ise g¢alisanin isi nedeniyle karsilastigi
insanlara kati, soguk, ilgisiz ve insancil olmayan
olumsuz davranislar géstermesi durumu seklinde ifade
edilmektedir [35, 37, 38, 40]. Son boyut olan kisisel
basar1 hissinde azalma duygusu ise ¢aliganin kendisini
basarisiz ve olumsuz sekilde degerlendirmeye egilimli
oldugu durum bi¢iminde tarif edilmektedir [35, 38—
40].

V. ARASTIRMANIN AMACI VE
ONEMIi

Bu arastirmada i3 giivenligi uzmanlarmin rol
belirsizligi ve g¢atismasi ile tiikenmiglik durumlarinin
belirlenmesi; bu diizeylerin demografik ve mesleki
degiskenlere gore farklilasip farklilasmadigimin
sorgulanmasi; bu diizeyleri etkileyen degiskenlerin
ortaya konmast; rol belirsizligi, rol catigmasi ve

tikenmigligin  alt boyutlar1 arasindaki iliskinin
aragtiritlmasi; rol belirsizligi ve rol c¢atigmasinin
tikenmislik durumunu etkileyip etkilemediginin

belirlenmesi ve son olarak rol belirsizligi, rol
catigmast ve tilkenmislik diizeylerinin azaltilmasina
yonelik  Onerilerde  bulunulmasi  amaglanmustir.
Calisanlara  saglikli  ve giivenli bir ortamin
saglanmasinda birinci derecede sorumlu goriilen is
giivenligi uzmanlariin bu gorevini layikiyla yerine
getirebilmesi i¢in Oncelikle kendisinin saglikli ve
giivenli bir ortamda bulunmasi gerekmektedir. Bu
bakimdan is giivenligi uzmanlarinin rol belirsizligi, rol
catigmasi ve tiikkenmislik yasayip yasamamalar1 tim
calisanlarin  saglik ve giivenlik durumunu da
etkileyecektir. Bu nedenle c¢aligmanin sonuglarmin
hem 1is giivenligi uzmanlarinin hem de diger
calisganlarin  saglikli ve giivenli bir ortamda
caligmalarina fayda saglayacagi degerlendirilmektedir.

VI. YONTEM

Bu arastirmaya ait calisma plan1 oncelikle Istanbul
Esenyurt Universitesi Etik Kurulu'nun 17.06.2022
tarihli ve 2022/06-4 numarali onaymdan gec¢mistir.
Etik onay1 sonrasinda Tiirkiye’nin farkli bolgelerinden
ISG uzmanlarina kolayda érnekleme yontemiyle anket
calismasi uygulanmistir. Aragtirmanin érneklemini A,
B ve C smnifi ig giivenligi uzmanlar1 olusturmaktadir.
Anket 01 Temmuz 2022-10 Ekim 2022 tarihleri
arasinda Google form ortaminda uygulanmistir.
Ankete 308 is giivenligi uzmani cevap vermistir.
Ancak 29 katilimcinin bazi sorulart okumadan

isaretledigi anlagilmis ve bu katilimcilara ait cevaplar
calismadan ¢ikartilmistir. Bu nedenle tiim analizler
279 katilimciya ait cevaplar tizerinden yiiriitiilmiistiir.
Bu arastirmada Rizzo ve digerleri (1970) tarafindan
gelistirilmis rol gatigmasi ve rol belirsizligi dlgegi ile
Christina Maslach ve Jackson (1981) tarafindan
gelistirilmis Maslach Tiikenmiglik Olcegi
kullanilmistir [13, 41]. Kullanilan rol ¢atigmasi ile rol
belirsizligi  olgegi Yildirim  (1996) tarafindan
Tiitkceye  uyarlanmig ve  giivenilirlik  testleri
yapilmistir. Bu uyarlamada i¢ tutarlilik katsayilari rol
catismasi i¢in 0,82, rol belirsizligi i¢in 0,63 olarak
hesaplanmistir [42]. Kullanilan Maslach Tiikenmislik
Olgegi ise Ergin (1992) tarafindan Tirkgeye
uyarlanmig ve giivenilirlik testleri yapilmigtir. Bu
uyarlamada tiikkenmigslik 6l¢eginin alt boyutlarindan
duygusal tiikenme i¢in i¢ tutarlilik katsayist 0,83,
duyarsizlagsma i¢in i¢ tutarlilik katsayisi 0,65 ve kisisel
basar1 hissinde azalma i¢in ise i¢ tutarlilik katsayisi
0,72 olarak hesaplanmustir [37]. Her iki 6l¢ekte de 5°li
Likert Sistemi kullanilmis ve cevaplar 1 ile 5 arasinda
kodlanmistir. Bu kodlamada; diisiik puanlar rol
catismasi, rol belirsizligi ve tilkenmiglik durumunun
azligini, yiiksek puanlar ise coklugunu gostermektedir.
Diger bir ifadeyle katilimcilarin cevap ortalamalarinin

yliksek olmast calisanlarin yukaridaki
olumsuzluklardan daha fazla etkilendigini
gostermektedir.

Caligmada oncelikle 6lgek ve alt boyutlarin betimsel
ozellikleri belirlenmigtir. Sonrasinda bu ozellikler
icinde yer alan carpiklik katsayilar1 incelenerek
parametrik analiz yontemlerinin en 6nemli varsayimi
olan verilerin normal dagilim durumu
degerlendirilmigtir.  Arkasindan Olgeklere ait i¢
tutarlilik analizleri yapilmistir. Daha sonra is giivenligi
uzmanlarimin bircok demografik 6zeliklerine goére rol
belirsizligi, rol c¢atismasi, duygusal tiikenme,
duyarsizlasma ve kigisel basari hislerindeki azalma
diizeyleri belirlenmis ve gruplar arasindaki farkliliklar
ortaya konmustur. Bu asamada o0lgek puanlari
literatirde  kabul  gérmiis  Olgek  puanlartyla
karsilagtirllmis  ve gruplar arasinda istatistiksel
bakimdan fark olup olmadigi ise t testi, ANOVA ve
MANOVA ile sorgulanmistir. Bu islemler sonrasinda
rol belirsizligi, rol c¢atigmasi, duygusal tiikenme,
duyarsizlasma ve kigisel basar1 hislerindeki azalma
diizeyleri arasindaki iligki korelasyon analiziyle test
edilmistir. Arkasindan rol belirsizligi ve rol
catismasinin tilkenmislik 6lgeginin {i¢ alt boyutunu ne
sekilde yordayip yordamadiginin ortaya konmasi igin
dogrusal regresyon modelleri olusturulmustur. Son
olarak da is giivenligi uzmanlarmin rol belirsizligi, rol
catismasi ve tikenmislik diizeylerini etkiledigi
disiiniilen faktorler gbéz Oniinde bulundurularak;
igverenlere, yetkili kurumlara ve yeni aragtirmacilara
iyilestirici tavsiyelerde bulunulmustur.
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VII. CALISMANIN KISITLARI

Bu ¢alismada kullanilan bagimsiz t testi, ANOVA ve
iki Yonli MANOVA c¢ikti tablolart gerek sayi
bakimindan gerekse boyut bakimindan oldukca
fazladir. Bu yilizden, onemli bulgularin etkili bir
sekilde  verilebilmesi igin analiz  ¢iktilarinin
istatistiksel olarak sadece anlamli sonuglari ve
MANOVA c¢ikt1 grafikleri ¢aligmada sunulmustur.
Analizlere ait tim tablo ¢iktilarinin arastirmada
sunulamamasi bu ¢alismanin bir kisitidir. Ayrica
Tiirkiye’de is giivenligi uzmanlarinin rol belirsizligi,
rol catigmasi ve tiikkenmislik diizeylerini es zamanli

olarak ele alan bir galismaya rastlanamamistir. Bu
nedenle bulgularimizin literatiirde sinirlt diizeydeki
caligmalarla kiyaslanabilmis olmasi da aragtirmamizin
bir baska kisit1 olarak degerlendirilmektedir.

VIII. BULGULAR

8.1 Olgeklerin Betimsel Ozellikleri

Calismada kullanilan 6lgeklerin betimsel 6zellikleri
hesaplanarak Tablo 1’de verilmistir.

Tablo 1. Olgek betimsel 6zellikleri

Olcek Puanlar

o Katilmen Standart Carpikhk
Olgekler

Sayisi En Diisik  En Yiiksek Ortalama Sapma Katsayisi
Rol Belirsizligi 1,00 4,60 2,44 0,77 0,45
Rol Catismasi 1,00 4,71 3,23 0,72 -0,50
Duygusal Tiikenme 279 1,22 422 2,66 0,62 0,07
Duyarsizlasma 1,00 4,80 2,84 0,77 0,05
Kisisel Basari 1,00 4,63 2,54 0,63 -0,12

Hissinde Azalma

Tablo 1 incelendiginde; 279 katilimciya ait Olgek
puanlarinin en diisiik, en yiiksek, ortalama, standart

sapma ve carpiklik  deZerleri  gorilmektedir.
Olgeklerden rol c¢atismasi ortalamasimin  diger
Olgeklere gore daha yiiksek oldugu dikkat

cekmektedir. Ayrica carpiklik katsayilarmin -1 ve +1

araliginda bulunmasi nedeniyle tiim dlgeklerin normal
dagildig1 kabul edilmistir [43, 44].

8.2 i¢ Tutarhlik Analizleri

Caligmada kullanilan rol belirsizligi ve rol ¢atigmasi
Olcegine ait Cronbach's Alpha i¢ tutarlilik analizleri
yapilarak sonuglar1 Tablo 2’de verilmistir.

Tablo 2. Rol belirsizligi ve rol catismasi dl¢egine ait i¢ tutarlilik analiz sonuglari

Olcek Cronbach's Alpha Soru Sayis1 Aciklama
e . 25’nci soru analizden
Rol Belirsizligi 0,619 5 cikartilmistir
35’nci soru analizlerden
Rol Catismasi 0,664 7 cikartilmistir

Tablo 2 incelendiginde; rol belirsizligi ve rol ¢atigmasi
Olgeklerine ait Cronbach's Alpha degerleri, analizde
kullanilan soru sayisi ve analizden ¢ikartilan soru
aciklamasi goriilmektedir. Rol belirsizligi lgeginde
ilk yapilan i¢ tutarlilik analizinde Cronbach's Alpha
degeri 0,355 hesaplanmistir. Bu degerin  kabul
edilebilir smirn altinda olmasinda 25°nci sorunun
etkisi anlasilmis ve analizlerden ¢ikartilmistir. Yapilan
analizde  Cronbach's  Alpha  degeri 0,619
hesaplanmistir. Benzer sekilde rol gatismasi 6lgeginde
de ilk yapilan i¢ tutarlilik analizinde Cronbach's Alpha

degeri 0,564 hesaplanmigtir. Bu degerin de kabul
edilebilir sinirin altinda ¢ikmasinda 35°nci sorunun
etkili oldugu anlasilmis ve analizlerden ¢ikartilmigtir.
Yapilan son analizde Cronbach's Alpha degeri 0,664
olarak hesaplanmigtir. Son durumdaki Cronbach's
Alpha degerleri kabul diizeyde olup, oOlceklerin ig
tutarlilign iyi seviyededir. Calismada kullanilan
tikenmislik 6l¢eginin alt boyutlari; duygusal tikenme,
duyarsizlasma ve kisisel basar1 hissinde azalmaya ait
Cronbach's Alpha i¢ tutarlilik analizleri yapilmis ve
sonuglar1 Tablo 3’°de verilmistir.

Tablo 3. Tiikkenmislik dlgegine ait i¢ tutarlilik analiz sonuglari

Olcek Alt Boyutlari Cronbach's Alpha Soru Sayisi Aciklama
Duygusal tiikenme 0,720 9 -

Tiikenmislik Duyarsizlasma 0,615 5 -
Kisisel basari hissinde azalma 0,651 8 -
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Tablo 3  incelendiginde; Cronbach's  Alpha
degerlerinin duygusal tiikenme alt boyut igin 0,720,
duyarsizlasma alt boyutu i¢in 0,615 ve kisisel basart
hissinde azalma alt boyutu i¢in 0,651 oldugu
goriilmektedir. Her {i¢ boyutun da Cronbach's Alpha

degeri kabul edilebilir diizeyde olup i¢ tutarlilig: iyi
seviyededir.

8.3 Tiikenmislik (")l(;egi Derecelendirme
Tiikenmislik 6l¢egine ait genel katilimct puan referans
degerleri Tablo 4’de verilmistir.

Tablo 4. Tikkenmiglik dl¢egi derecelendirme tablosu [22]

Kisisel Basar: Hissinde

Duygusal Tiikenme Duyarsizlasma Azalma
Yiiksek 3 ve lizeri 2,6 tizeri 4,8 ustii
Orta 1,8-2,9 1,4-2,5 3,9-4,7
Diisiik 0-1,7 0-1,3 0-3,8

Tablo 4’e gore; duygusal tiikenme durumunun 0-1,7
arasinda diisiik, 1,8-2,9 arasinda orta, 3 ve lizerinde ise
yiiksek seviyede oldugu goriilmektedir. Duyarsizlagsma
durumu ise 0-1,3 arasinda disiik, 1,4-2,5 arasinda
orta, 2,6 iizerinde ise yiiksektir. Kigisel basari
hissinde azalma durumu ise 0-3,8 arasinda diisiik, 3,9-

4,7 arasinda orta, 4,8 lizerinde ise yiiksek durumdadir.
Is giivenligi uzmanlar1t A, B ve C siniflarina gore
ayrilmis ve her bir smiftaki uzmanlarin 6lgek puan
ortalamalari, standart sapma degerleri yas gruplarina
gore belirlenerek Tablo 5’te verilmistir.

Tablo 5. Is giivenligi uzmanlarinin yas gruplarma gére dlcek puanlart

ISG Uzmanh@ Simfi - Olgek Yas Grubu N Ortalama  Standart
Sapma
30-34 7 2,31 1,02
35-39 9 2,64 0,70
Rol Belirsizligi 40-44 12 2,17 0,56
45< 21 2,46 0,83
Toplam 49 2,40 0,77
30-34 7 3,35 0,58
35-39 9 3,46 0,73
Rol Catigsmasi 40-44 12 3,07 0,63
45< 21 3,32 0,72
Toplam 49 3,29 0,68
30-34 7 2,76 0,87
35-39 9 2,85 0,42
A Duygusal Tiikenme 40-44 12 2,35 0,62
45< 21 2,69 0,75
Toplam 49 2,65 0,69
30-34 7 3,00 0,88
35-39 9 3,07 0,57
Duyarsizlagsma 40-44 12 2,52 0,54
45< 21 2,73 0,81
Toplam 49 2,78 0,73
30-34 7 2,66 0,52
35-39 9 2,74 0,47
Kisisel Basar1 Hissinde Azalma 40-44 12 2,19 0,62
45< 21 2,59 0,69
Toplam 49 2,53 0,63
25-29 21 2,56 0,75
30-34 39 2,29 0,71
) Rol el sm e o
45< 13 2,24 0,91
Toplam 115 2,36 0,78
Rol Catigsmast 25-29 21 3,04 0,77
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30-34 39 3,10 0,68

35-39 26 3,32 0,71

40-44 16 3,20 0,54

45< 13 2,76 0,76

Toplam 115 3,11 0,70

25-29 21 2,79 0,56

30-34 39 2,62 0,58

. 35-39 26 2,71 0,65

Duygusal Tiikenme 40-44 16 2.83 0.57
45< 13 2,25 0,54

Toplam 115 2,66 0,60

25-29 21 2,86 0,70

30-34 39 2,85 0,68

Duyarsizlasma 35-39 26 3,02 0,72
40-44 16 3,01 0,92

45< 13 2,29 0,58

Toplam 115 2,85 0,74

25-29 21 2,45 0,72

30-34 39 2,51 0,63

.. .. 35-39 26 2,63 0,58
Kisisel Basar1 Hissinde Azalma 40-44 16 247 0.53
45< 13 2,13 0,89

Toplam 115 2,48 0,66

<24 24 2,39 0,79

25-29 35 2,59 0,81

30-34 21 2,54 0,69

Rol Belirsizligi 35-39 23 2,60 0,59
40-44 6 2,33 0,84

45< 6 2,63 0,94

Toplam 115 2,53 0,74

<24 24 3,48 0,76

25-29 35 3,33 0,83

30-34 21 3,35 0,50

Rol Catigsmasi 35-39 23 3,33 0,68
40-44 6 2,83 1,17

45< 6 2,81 0,72

Toplam 115 3,31 0,76

<24 24 2,58 0,68

25-29 35 2,79 0,61

30-34 21 2,51 0,49

C Duygusal Tiikenme 35-39 23 2,81 0,63
40-44 6 2,43 0,76

45< 6 2,50 0,34

Toplam 115 2,66 0,61

<24 24 2,85 0,91

25-29 35 2,94 0,90

30-34 21 2,75 0,61

Duyarsizlagsma 35-39 23 2,89 0,80
40-44 6 2,57 0,72

45< 6 2,87 1,07

Toplam 115 2,85 0,83

<24 24 2,50 0,59

25-29 35 2,65 0,68

30-34 21 2,54 0,53

Kisisel Basar1 Hissinde Azalma 35-39 23 2,61 0,63
40-44 6 2,60 0,76

45< 6 2,85 0,47

Toplam 115 2,60 0,61
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Tablo 5’teki verilerle ANOVA ve Pos-hoc analizi
uygulanmistir. Bu sonuglara gore B smifi is giivenligi
uzmanlarinda yas gruplar1 arasindan duyarsizlasma
puani bakimindan anlamli bigimde bir fark oldugu
bulgusuna ulasilmistir F(4,114)=2,52, P=0,045. Bu
farkin ayrintilarinin  anlagilabilmesi i¢in Pos-hoc
kiyaslamalar1 yapilmistir. Bu kiyaslamalar sonucunda

B smifi uzmanlarda; 45 yas grubunun duyarsizlagsma
puan ortalamasimnin (M=2,29, SD=0,58) 35-39 yas
grubunun puan ortalamasma (M=3,02, SD=0,72) gére
istatistiksel bakimdan anlamli gekilde yiiksek oldugu
anlasilmistir (p<0,028). Istatistiksel olarak bu anlamli
sonuglarin grafiksel gosterimi MANOVA ile elde
edilmis ve Sekil 1°de verilmistir.

320

Estimated Marginal Means

Estimated Marginal Means of Duyarsizlasma

ISG
Uzmanhgi
Sinifi

A
—B
c

<24 25-29 30-24

Yasl

35-39

MNon-estimable means are not plotted

4044 45<

Sekil 1. Is giivenligi uzmanlarmin A, B ve C simiflarma gore duyarsizlasma dlgek puaninin yas gruplara gore
gosterimi

Sekil 1 incelendiginde; genel olarak 40-44 vyas
araligindan sonra duyarsizlasma durumunun A ve C
sinift uzmanlarda artarken B sinifi uzmanlarda
azaldig1 dikkati ¢ekmektedir. Is giivenligi uzmanlari

A, B ve C smiflarma gore ayrilmis ve her bir siniftaki
uzmanlarin 6lgek puan ortalamalari, standart sapma
degerleri cinsiyet durumuna gore belirlenmis ve Tablo
6’da verilmistir.

Tablo 6. Is giivenligi uzmanlarinin cinsiyete gore dlgek puanlar

ISG Uzmanhg Sinifi Olcek Cinsiyet N Ortalama Standart
Sapma
L Erkek 35 2,58 0,74
Rol Belirsizligi Kadm 14 1.94 0.66
Erkek 35 3,32 0,61
Rol Gatismast Kadin 14 3,22 0.84
. Erkek 35 2,69 0,69
A Duygusal Tiitkenme Kadm 14 2.54 0.72
Duvarsizlasma Erkek 35 2,81 0,66
Hyarsizias Kadmn 14 2,70 0,90
.. .. Erkek 35 2,65 0,64
Kisisel Basar1 Hissinde Azalma Kadm 14 222 0.51
. Erkek 69 2,27 0,75
Rol Belirsizligi Kadm 46 2.50 0.81
Erkek 69 3,13 0,70
Rol Catismast Kadin 46 3,08 0,72
. Erkek 69 2,67 0,63
B Duygusal Tiikenme Kadmn 46 2.63 0.56
Duvarsizlasma Erkek 69 2,79 0,79
uyarsiziay Kadin 46 2,93 0,66
.. . Erkek 69 2,48 0,65
Kisisel Basar1 Hissinde Azalma Kadm 46 248 0.69
. Erkek 52 2,48 0,77
C Rol Belirsizligi Kadm 63 2.57 0.73
Rol Catigsmast Erkek 52 3,29 0,80
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Kadin 63 3,33 0,73

. Erkek 52 2,52 0,59

Duygusal Tiikkenme Kadm 63 278 0.61
Duvarsizlasma Erkek 52 2,79 0,83
4 ? Kadin 63 2,91 0,82

. o Erkek 52 2,48 0,64
Kisisel Basar1 Hissinde Azalma Kadm 63 2.69 0.57

Tablo 6°daki verilerle bagimsiz t testi analizi
uygulanmistir. Bu bagimsiz t testi analizi sonucuna
gore; A smifi is giivenligi uzmanlarda erkek gruplarin
rol belirsizligi puan ortalamasinin (M= 2,58, SD=
0,74) kadin gruplarinin puan ortalamalarina (M=1,94,

SD=0,66) gore istatistiksel bakimdan anlamli sekilde
yliksek oldugu anlasilmistir t(47)=2,80, p=0,007.
Istatistiksel olarak bu anlamli sonuglarin grafiksel
gosterimi MANOVA ile elde edilmis ve Sekil 2’de
verilmistir.

Estimated Marginal Means of Rol_Belirsizhgi
ISG
- e Uzmanhg
Sinifi
2,50 = A
v e —8
£ - c
o
g 240 //
£ -
D 230 -
s &
=
o
3 2:;
o
E
W
w zio
2,00
Erkek Kadn
Cinsiyeti

Sekil 2. Is giivenligi uzmanlarinin A, B ve C simflarina gére rol belirsizligi dlgek puanimin cinsiyet gruplarina
gore gosterimi

Sekil 2 incelediginde; genel olarak A smifi erkek ISG
uzmanlarmin rol belirsizligi durumlarinin kadinlara
gore daha yiiksek oldugu, B ve C smfi ISG
uzmanlarinda ise tam tersine kadinlarda daha yiiksek
oldugu dikkati ¢cekmektedir. Bagimsiz t testi analizi
sonucuna gore; C sinifi is giivenligi uzmanlarda erkek
gruplarin duygusal tikkenmislik puan ortalamasinin

M= 2,52, SD= 0,59) kadin gruplarinin puan
ortalamalarina (M=2,78, SD=0,61) gore istatistiksel
bakimdan anlamli sekilde diisiik oldugu anlasilmigtir
t(113)=-2,32, p=0,019. Istatistiksel olarak bu anlaml
sonuglarin grafiksel gosterimi MANOVA ile elde
edilmis ve Sekil 3’te verilmistir.

Estimated Marginal Means of Duygusal_Tukenme
ISG
280 - Uzmanhgi
Ve Sinifi
/’ A
275 — B
g [
T
L
E 270
[} 3
£ -
o ——
E 265 ’,"/H
o T
E /
= 260
[
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255 /,
//‘
Erkek Kadin
Cinsiyeti

Sekil 3. Is giivenligi uzmanlarinin A, B ve C simflarina gére duygusal tiikenmislik dlgek puaninin cinsiyet
gruplarina gore gosterimi
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Sekil 3 incelendiginde; genel olarak A ve B sinifi
erkek ISG  uzmanlarmin  duygusal tiikkenmislik
durumlarinin kadinlara gore daha yiiksek oldugu, C
sinifi ISG uzmanlarinda ise tam tersine kadinlarda
daha yiiksek oldugu dikkati ¢ekmektedir. Bagimsiz t
testi analizi sonucuna gore; A sinifi is giivenligi
uzmanlarda erkek gruplarin kisisel basari hissinde

azalma puan ortalamasimin (M= 2,65, SD= 0,64) kadin
gruplarinin puan ortalamalarina (M=2,22, SD=0,51)
gore istatistiksel bakimdan anlamli sekilde yiiksek
oldugu anlagilmigtir t(47)=2,23, p=0,031. istatistiksel
olarak bu anlamli sonuglarin grafiksel gosterimi
MANOVA ile elde edilmis ve Sekil 4’de verilmistir.

Estimated Marginal Means of Kisisel_Basari_Hissinde_Azalma
ISG
2,70 B =
7 Uzmanhg
~ Sinifi
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220
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Sekil 4. Is giivenligi uzmanlarmin A, B ve C smiflarina gore kisisel basar1 hissinde azalma 6lgek puanimin
cinsiyet gruplarina gore gosterimi

Sekil 4 incelediginde; genel olarak A smifi erkek ISG
uzmanlarmin  kisisel bagar1  hissinde azalma
durumlarinin kadinlara gore daha yiiksek oldugu, C
sinifi ISG uzmanlarinda ise tam tersine kadinlarda
daha yiiksek oldugu, B smnifi ISG uzmanlarda erkek ve

kadm gruplarm benzer oldugu dikkati cekmektedir. Is
giivenligi uzmanlar1 A, B ve C smiflarina gore
ayrilmis ve her bir siiftaki uzmanlarm 6lgek puan
ortalamalari, standart sapma degerleri medeni
durumlarma gore hesaplanarak Tablo 7’de verilmistir.

Tablo 7. Is giivenligi uzmanlarinin cinsiyete gore dlgek puanlar

ISG Uzmanhg Siifi Olcek Medeni N Ortalama Standart
Durum Sapma
. Evli 41 2,50 0,76
Rol Belirsizligi Bekar 3 1.88 0.67
Evli 41 3,29 0,68
Rol Gatismast Bekar 8 331 0,71
. Evli 41 2,67 0,66
A Duygusal Tiikkenme Bekar P 2.50 0.87
Duvarsizlasma Evli 41 2,77 0,68
vyarsizias Bekar 8 2,85 1,01
.. .. Evli 41 2,54 0,61
Kisisel Basar1 Hissinde Azalma Bekar 3 245 0.78
. Evli 66 2,33 0,76
Rol Belirsizligi Bekar 49 2.40 0.82
Evli 66 3,20 0,67
Rol GCatismast Bekar 49 2,99 0,73
. Evli 66 2,59 0,62
B Duygusal Tiikenme Bekar 49 275 0.56
Duvarsizlasma Evli 66 2,82 0,75
4 ¥ Bekar 49 2,89 0,73
.. .. Evli 66 2,45 0,70
Kisisel Basar1 Hissinde Azalma Bekar 49 252 0.60
. Evli 41 2,48 0,65
C Rol Belirsizligi Bekar 7 2.56 0.80
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Rol Catismast Evli 41 334 0,60
0 Laliymas Bekar 74 3.30 0,84
) Evli 41 2,59 0,62

Duygusal Takenme Bekar 74 271 0,61
Duvarsislasia Evli 41 2,70 0,74
uyarsizias Bekar 74 2,94 0,86
. . Evli 41 2,52 0,58
Kisisel Basar1 Hissinde Azalma Bekar 7 264 0.63

Tablo 7°deki verilerle bagimsiz t testi analizi
uygulanmigtir. Bu analiz sonucuna gore; A sinifi is
giivenligi uzmanlarda evli gruplarin rol belirsizligi
puan ortalamasmin (M= 2,50 SD= 0,76) bekar
gruplarmin puan ortalamalarina (M=1,88, SD=0,67)

gore istatistiksel bakimdan anlamli sekilde yiiksek

oldugu anlasilmistir t(47)=2,18, p=0,03. Istatistiksel
olarak bu anlamli sonuglarin grafiksel gosterimi
MANOVA ile elde edilmis ve Sekil 5’te verilmistir.

Estimated Marginal Means of Rol_Belirsizligi
ISG
260
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Medeni Durumu

Sekil 5. Is giivenligi uzmanlarinin A, B ve C siniflarina gére kisisel basari hissinde azalma dlgek puaninm
medeni duruma gore gosterimi

Sekil 5 incelediginde; genel olarak A smifi evli ISG
uzmanlarmim rol belirsizligi durumlarinin bekarlara
gore daha yiiksek oldugu, B ve C smfi ISG
uzmanlarinda ise tam tersine bekarlar daha yiiksek

oldugu dikkati cekmektedir. Is giivenligi uzmanlarmin
Olcek puan ortalamalari, standart sapma degerleri
uzmanlik kaynagina gore belirlenmis ve Tablo 8’de
verilmistir.

Tablo 8. is giivenligi uzmanlarinin uzmanlik kaynagima gore dlgek puanlari

Olgek ISG Uzmam Kaynag N Ortalama Standart
Sapma
Diger 23 2,46 0,77
Fen Bolumleri 28 2,52 0,77
e Lisans (ISG) 27 2,41 0,86
Rol Belirsizligi Miihendislik 107 234 0,72
On Lisans (ISG) 94 2,53 0,78
Toplam 279 2,44 0,77
Diger 23 3,19 0,85
Fen Bolumleri 28 3,31 0,67
Lisans (ISG) 27 3,01 0,78
Rol Catismast Miihendislik 107 3,23 0,63
On Lisans (ISG) 94 3,27 0,79
Toplam 279 3,23 0,72
Diger 23 2,73 0,52
Duygusal Tiikenme Fen Bolumleri 28 2,73 0,56
Lisans (ISG) 27 2,38 0,50
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Miihendislik 107 2,63 0,66

On Lisans (ISG) 94 2,74 0,63

Toplam 279 2,66 0,62

Diger 23 2,90 0,82

Fen Bolimleri 28 2,89 0,56

Duyarsizlagma Lisans (ISG) 27 2,56 0,74
Miihendislik 107 2,83 0,78

On Lisans (ISG) 94 2,90 0,82

Toplam 279 2,84 0,77

Diger 23 2,61 0,73

Fen Bolumleri 28 2,51 0,49

.. .. Lisans (ISG) 27 2,38 0,60
Kisisel Basar1 Hissinde Azalma Miihendislik 107 2,49 0.66
On Lisans (ISG) 94 2,62 0,63

Toplam 279 2,54 0,63

Tablo 8’deki verilerle ANOVA, MANOVA ve Pos-
hoc analizi uygulanmistir. Ancak tiim dlgek puanlart
bakimmndan ISG uzmanlik kaynaklarina gére
istatistiksel olarak anlaml bir farklilik

bulunamamustir. Is giivenligi uzmanlarmin dlgek puan
ortalamalari, standart sapma degerleri g¢alisilan
sektoriin tehlike smifina gore belirlenmis ve Tablo
9’da verilmistir.

Tablo 9. Is giivenligi uzmanlarinin calistig1 is kolunun tehlike smifina gore dlgek puanlar

Olgek Tehlike Simfi N Ortalama  Standart
Sapma
Az Tehlikeli 37 2,58 0,76
e vees Tehlikeli 85 2,48 0,73
Rol Belirsizligi Cok Tehlikeli 157 2,38 0,79
Toplam 279 2,44 0,77
Az Tehlikeli 37 3,07 0,78
Tehlikeli 85 3,32 0,71
Rol Cat > >
ol Catismasi Cok Tehlikeli 157 321 0,72
Toplam 279 3,23 0,72
Az Tehlikeli 37 2,59 0,70
. Tehlikeli 85 2,78 0,59
Duygusal Tikenme Cok Tehlikeli 157 2,61 0,61
Toplam 279 2,66 0,62
Az Tehlikeli 37 2,56 0,80
Duvarsizlasma Tehlikeli 85 2,94 0,71
w g Cok Tehlikeli 157 2,85 0,79
Toplam 279 2,84 0,77
Az Tehlikeli 37 2,50 0,73
.. .. Tehlikeli 85 2,66 0,57
Kisisel Basar1 Hissinde Azalma Cok Tehlikeli 157 2.48 0.64
Toplam 279 2,54 0,63
Tablo 9’daki verilerle ANOVA ve Pos-hoc analizi uzmanlarinin  duyarsizlasma puan ortalamasimin

uygulanmistir. Yapilan ANOVA ile duyarsizlasma
puani bakimindan is giivenligi uzmanlarinda, ¢alisilan
sektoriin tehlike siniflarina goére anlamli bir fark
oldugu  bulgusuna ulasilmistir  F(2,276)=3,15,
P=0,045. Bu farkin ayrintilarinin anlasilabilmesi icin
Pos-hoc kiyaslamalar1 yapilmistir. Bu kiyaslamalar
sonucunda; tehlikeli smifta gorev yapan ISG

(M=2,94, SD=0,71) az tehlikeli sinifta gorev yapan
ISG uzmanlarinin duyarsizlasma puan ortalamasina
M=2,56, SD=0,80) gore istatistiksel bakimdan
anlamli  sekilde yiiksek oldugu anlasilmistir.
(p<0,035). Istatistiksel olarak bu anlamli sonuglarin
grafiksel gosterimi MANOVA ile elde edilmis ve
Sekil 6’da verilmistir.

399



Int. ). Adv. Eng. Pure Sci. 2023, 35(3): 389-405

Rol Belirsizligi, Rol Catismasi ve Mesleki Tiikenmislik
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Sekil 6. Is giivenligi uzmanlariin A, B ve C smiflarina gore duyarsizlasma dlgek puanmnin ¢alisilan sektoriin
tehlike siiflara gore gdsterimi

Sekil 6 incelediginde; genel olarak az tehlikeli
sektorde calisan; A smifi  ISG  uzmanlarinda
duyarsizlasmanin ¢ok diisiik oldugu, tehlikeli sektorde
calisan is giivenligi uzmanlarmin ozellikle A ve C
sinifi uzmanlarda ¢ok yiiksek, ¢ok tehlikeli sektdrde
cahsan A, B ve C smifi ISG uzmanlarinda
duyarsizlasmanin birbirine daha yakin oldugu dikkati
cekmektedir.

8.4 Olcekler Arasindaki

Bulgular:

Is giivenligi uzmanlarinda; rol belirsizligi, rol
catigmasi, duygusal tiikenme, duyarsizlasma ve kisisel
basar1 hissinde azalma puanlar1 arasinda istatistiksel
bakimdan anlamli bir iliski olup olmadiginin
sorgulanmas1 amaciyla pearson kolerasyon analizi
yapilmis ve sonuglar1 Tablo 10°da verilmistir.

Korelasyon

Tablo 10. Olgek puanlari arasindaki korelasyon analizi giktist

Kisisel
> Rol Rol Duygusal Basan
Olgeller Belirsizligi Catismasi Tiil{gnme Duyarsizlasma Hisssinde

Azalma
Rol Belirsizligi 1,00 0,14 0,30 0,19 0,47
Rol Catigsmasi 1,00 0,35 0,37 0,22
Duygusal Tiikenme 1,00 0,55 0,66
Duyarsizlasma 1,00 0,57
Kisisel Basar1 Hissinde Azalma 1,00

Tablo 10 incelendiginde; rol belirsizligi ve rol
catigmasi arasinda pozitif yonlii ve zayif diizeyde bir
iliski r=0,14, n=279, p<0,05 oldugu goriilmiistiir. Rol
belirsizligi ve duygusal tiikenme arasinda pozitif
yonlii ve orta diizeyde bir iligski r=0,30, n=279, p<0,05
oldugu goriilmistiir. Rol belirsizligi ve duyarsizlagsma
arasinda pozitif yonli ve zayif diizeyde bir iligki
r=0,19, n=279, p<0,05 oldugu gorilmiistir. Rol
belirsizligi ve kigisel basar1 hissinde azalma arasinda
pozitif yonlii ve orta diizeyde bir iliski r=0,47, n=279,
p<0,05 oldugu gorilmiistiir.  Rol ¢atigmast ve
duygusal tlikenme arasinda pozitif yonli ve orta
diizeyde bir iliski r=0,35, n=279, p<0,05 oldugu
goriilmiistiir. Rol catigmasi ve duyarsizlagsma arasinda
pozitif yonlii ve orta diizeyde bir iliski r=0,37, n=279,
p<0,05 oldugu goriilmiistiir. Rol catigmasi ve kisisel

basar1 hissinde azalma arasinda pozitif yonli ve zayif
diizeyde bir iliski r=0,22, n=279, p<0,05 oldugu
goriilmiistiir. Duygusal tilkkenme ve duyarsizlasma
arasinda pozitif yonli ve giiglii diizeyde bir iligki
r=0,55, n=279, p<0,05 oldugu gorilmiistiir. Duygusal
tilkenme ile kisisel basar1 hissinde azalma boyutlart
arasinda pozitif yonli ve giiglii diizeyde bir iligki
r=0,66, n=279, p<0,05 oldugu goriilmiistiir.
Duyarsizlagma ve kisisel basart hissinde azalma
arasinda pozitif yonlii ve giiglii diizeyde bir iligki
r=0,57, n=279, p<0,05 oldugu gorilmiistiir.

8.5 Rol Belirsizliginin ve Rol Catismasinin
Tiikenmislik Uzerindeki Etkisi

Is giivenligi uzmanlarinda; rol belirsizligi ve rol
catismasinin tiikkenmislik 6lgeginin alt boyutlarini
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yordayip yordamadigini belirmek amaciyla dogrusal
regresyon analizleri yapilmistir. Bu kapsamda; rol

duygusal tikenme bagimli degisken olacak sekilde
birinci regresyon modeli olugturulmus ve model ¢iktisi

belirsizligi ve rol c¢atismasi bagimsiz degisken, Tablo 11°de verilmistir.

Tablo 11. Duygusal tilkenme regresyon model ciktisi

Unstandardized Standardized
Model Coefficients Coefficients ¢ Sig.
Std.
B Error Beta

(Constant) 0,879 0,194 4,523 0,000
Rol Belirsizligi 0,284 0,043 0,350 6,602 0,000
Rol Catismasi 0,337 0,045 0,394 7,427 0,000
a. Bagimh Degisken: Duygusal Tiikenme
R2=0,239, sig<0,05
Tablo 11 incelendiginde; rol belirsizligi ve rol  belirsizligi ve rol catismasi bagimsiz degisken

catigmasinin ~ her  ikisinin  birlikte  duygusal
tilkenmedeki varyansin yaklasik %24 {inii istatistiksel
bakimdan anlamli sekilde acikladigi goriilmiistiir. Rol

duyarsizlasma bagimli degisken olacak sekilde ikinci
regresyon modeli olusturulmus ve model ¢iktis1 Tablo
12’de verilmistir.

Tablo 12. Duyarsizlagsma regresyon model ¢iktisi

Unstandardized Standardized
Model Coefficients Coefficients Sig.
B Esrtr%r Beta
(Constant) 0,824 0,248 3,320 0,001
Rol Belirsizligi 0,253 0,055 0,251 4,615 0,000
Rol Catismasi 0,433 0,058 0,406 7,472 0,000

a. Bagimh Degisken: Duyarsizlasma

R2=0,200, sig<0,05

Tablo 12 incelendiginde; rol belirsizligi ve rol
catigmasinin her ikisinin birlikte duyarsizlasmadaki
varyansin %20’sini istatistiksel bakimdan anlaml
sekilde acikladig1 goriilmistiir. Rol belirsizligi ve rol

catismasi bagimsiz degisken, kisisel basari hissinde
azalma bagimli degisken olacak sekilde {iglincii
regresyon modeli olusturulmus ve model ¢iktis1 Tablo
13’te verilmistir.

Tablo 13. Kisisel basar1 hissinde azalma regresyon model ¢1ktisi

Unstandardized Standardized
Model Coefficients Coefficients ¢ Sig.
Std.
B Error Beta

(Constant) 0,690 0,190 3,628 0,000
Rol Belirsizligi 0,424 0,042 0,511 10,074 0,000
Rol Catismasi 0,252 0,044 0,288 5675 0,000
a. Bagimh Degisken: Kisisel Basar1 Hissinde Azalma

R?=0,303, sig<0,05

Tablo 13 incelendiginde; rol belirsizligi ve rol istatistiksel bakimdan anlamli sekilde agikladigi

catismasinin her ikisinin birlikte kisisel bagart
hissindeki azalmanin varyansinin yaklasik %30’unu

gOrilmistiir.
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IX. TARTISMA

Calismamizin ilk amaci; is giivenligi uzmanlariin rol
belirsizligi ve  rol  catismasi  diizeylerinin
belirlenmesidir. Bu bakimdan &rneklemimizdeki is
giivenligi uzmanlarmin rol belirsizligi ile rol ¢atigmasi
puanlari degerlendirildiginde; rol ¢atigmasi puaninin,
rol belirsizligi puanina gore daha yiiksek oldugu
goriilmektedir. Bu sonug; dlgegin yaratici olan Rizzo
ve digerleri (1970)’nin karmasik organizasyonlardaki
aragtirma sonuglariyla [13], Bedeian ve Armenakis
(1981)’in saglik calisanlar iizerinde yaptig1 arastirma
sonuglartyla [14], Sabuncuoglu (2008)’nun arastirma
gorevlileri tizerinde yaptig1 arastirma sonuglariyla
[21], Tung (2008)’un doktorlar ve hemsireler iizerinde
yaptig1 calismadaki her iki grup icinde elde ettigi
sonuglarla [22], Tunc ve Kutanis (2009)’in bir
iiniversite hastanesinde gorev yapan doktor ve
hemsireler tizerinde yaptiklari ¢alismanin sonuglariyla
[30], Ghorpade ve digerleri (2011)’nin
akademisyenler  ilizerinde  yaptiklari  arastirma
sonuglartyla [31], Dogan ve digerleri (2016)’nin
devlet ve vakif {iniversitelerindeki akademik personel
iizerinde yaptig1 arastirma sonuglariyla uyum igindedir

[18]. Ancak Esatoglu ve digerleri (2004)’nin
baghemsireler iizerinde yaptigt calismada rol
belirsizligi puani, rol c¢atismasi puanindan daha
yiiksektir [20].

Caligmamizin ikinci amaci; A, B ve C siniflarina gore
ayrilmis is giivenligi uzmanlarinin rol belirsizligi, rol
catismasi diizeylerinin bazi demografik ve mesleki
degiskenlere  gore farklilasip  farklilasmadigini
belirlemektir. Bu bakimdan ISG uzmanlarmin
cinsiyetlerine ve medeni durumlarina bagl olarak bu
diizeyler incelendiginde A smifi is giivenligi
uzmanlarda; erkeklerin kadinlara gore evlilerin de
bekarlara gore istatistiksel bakimdan anlamli sekilde
daha fazla rol belirsizligi yasadiklar1 goriilmektedir.
Bu durum, A smifi erkek veya evli uzmanlarin kadin
veya bekarlara gore cok tehlikeli sektorde daha fazla
yer almalarindan kaynaklanabilir. Ayrica istatistiksel
olarak anlamli olmasa da; B ve C smifi kadmn
uzmanlarin erkeklere gore daha fazla rol belirsizligi
yasadiklart goriilmektedir. Bunun diginda istatistiksel
olarak anlamli olmasa da; B ve C smifi bekar
uzmanlarin evlilere gore daha fazla rol belirsizligi
yasadiklart goriilmektedir. Diger taraftan istatistiksel
olarak anlamli olmasa da; C sinifi bekar uzmanlarin
diger tim uzmanlardan daha fazla rol belirsizligi
yasadiklart goriilmektedir. Benzer sekilde istatistiksel
olarak anlamli olmasa da; C sinifi kadin uzmanlarin da
diger tim uzmanlardan daha fazla rol belirsizligi
yasadiklart goriilmektedir. Bu durum dlgekteki rol
belirsizligi sorular1 {izerinden degerlendirildiginde rol
belirsizligi daha fazla olan gruplarin; goreviyle ilgili
daha az bilgiye sahip oldugu, isleriyle ilgili hedef ve
amaglarinin daha az belirgin oldugu, zamanini1 daha az
planlayabildigi, gorevini yaparken daha fazla yardima
ihtiya¢ duydugu ve sorumluluklariin daha az farkinda
oldugu sonucuna varilabilir. Caligmamizin ikinci

amact iceriginde ayrica is giivenligi uzmanlarinin
tikenmiglik  ile  alt  boyutlarnin  diizeyleri
hesaplanmistir. Hesaplanan bu tiikenmislik diizeyleri,
Tung (2008) tarafindan olusturulan referans degerlerle
karsilastirilmig ve is giivenligi uzmanlarinin genelinde
orta seviye duygusal tikenme, yiliksek seviye
duyarsizlasma ve diigiik seviye kisisel bagari hissinde
azalma durumu goriilmektedir [22]. Isyerlerinde
calisanlarn tam bir iyilik halinde bulunmalari igin
gérev yapan is gilivenligi uzmanlarmin genelinde
duygusal tiikenmenin varligi ve ayrica
duyarsizlasmanin yiiksek seviyede olmasi iiziiciidiir.
Diger taraftan ayni grubun kisisel basar1 hislerinde bir
azalma hissetmemeleri de gelecek i¢in umut vericidir.
Ayn1 zamanda ¢alismamizin ikinci amaci kapsaminda;
A, B ve C smiflarina gore ayrilmis is gilivenligi
uzmanlarmin  tiikenmislik  diizeylerinin ~ baz1
demografik ve mesleki degiskenlere gore farklilagip
farklilasmadigi  incelenmisti.  Bu  bakimdan,
calistiklar1  sektoriin  tehlike smifina  gére ISG
uzmanlarmim bu diizeyleri incelendiginde; tehlikeli
siifta gorev yapan ISG uzmanlarmin az tehlikeli
smifta gorev yapanlara gore istatistiksel bakimdan
anlamli sekilde daha fazla duyarsizlagsma yasadiklari
goriilmektedir. ISG uzmanlarinin yaslarina bagh
olarak bu diizeyler incelendiginde; B smift is
giivenligi uzmanlarda 45 ve daha biiyilk yasta
olanlarin 35-39 yas grubuna gore istatistiksel
bakimdan anlaml sekilde daha diisiik duyarsizlagsma
yasadiklar1 goriillmektedir. Genel olarak duyarsizlasma
35-39 yag araligindan sonra A, B ve C sinifi
uzmanlarda azalmaya baslarken A ve C smifi
uzmanlarda 40-44 yas araligindan sonra tekrar artiga
gegmektedir. Bunun nedeni; B smifi uzmanlarin yasla
artan tecriibeye ek olarak A sinifi kadar ¢ok tehlikeli
sektorde yer almamalart ve C sinifi uzmanlardan daha
fazla mesleki tecriibeye sahip olmalari diisiiniilebilir.
B smift uzmanlarin duyarsizlagsma durumlari Aytag ve
digerleri (2016)’nin sonuglariyla kismen uyum
igerisindedir [12]. Bu durum o6l¢ekteki duyarsizlasma
sorular1 iizerinden degerlendirildiginde
duyarsizlasmanin daha fazla oldugu gruplarin, yaptigi
isle insanlarin yasamina katkida bulunduguna
inanmadig1, ¢alismaya basladigindan beri insanlara
kars1 sertlestigi, yaptig1 isin kendisini giderek
katilastirmasindan ~ korktugu, is yapacak giicii
olmadigi, isinin kendisini kisitladigi, normalden daha
fazla ¢alismak zorunda kaldigi  diisiincesine
kapildiklar1 sonucuna varilabilir. C smifi is glivenligi
uzmanlarda kadmlarin erkeklere gore istatistiksel
bakimdan anlamli sekilde daha fazla duygusal
tilkenme yasadiklart belirlenmigtir. Ayrica istatistiksel
olarak anlamli olmasa da; A ve B smfi erkek
uzmanlari kadinlara gore duygusal tilkenmeyle daha
fazla kars1 karsiya kaldigi goriilmektedir. Bu durum
Olcekteki duygusal tikenme sorular1 iizerinden
degerlendirildiginde duygusal tilkenmeyi daha fazla
yasayan gruplarin; islerinden daha fazla sogudugu, is
bitiminde kendisini zihnen tiikenmis hissettigi,
uyandiginda isini bir giin daha yapamayacagi, isi
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geregi karsilastig1 insanlarin ne hissettigini anlamakta
zorlandig1, isi geregi karsilastigi kisilere insan
degillermis gibi davrandigi, biitiin giin insanlarla
ugragsmanin ¢ok yipratict oldugu, isi geregi insanlarin
sorunlarina ¢6ziim bulamadigi, yaptigt isten yildigt,
yaptigi igle insanlara fayda saglamadig: diisiincelerinin
hakim oldugu sonucuna varilabilir. A smifi is
giivenligi uzmanlarda erkeklerin kadmnlara gore
istatistiksel bakimdan anlamli sekilde daha fazla
kisisel  basar1  hissinde azalma  yasadiklar
goriilmektedir. Ayrica istatistiksel olarak anlamli
olmasa da; C smifi kadin uzmanlarin cinsiyet farki
olmaksizin diger tiim uzmanlardan daha fazla kisisel
basar1 hissinde azalma yasadiklari goériilmiistiir. Bu
durum 6l¢ekteki kisisel basar1 hissinde azalma sorulari
iizerinden degerlendirildiginde kisisel basart hissinde
azalma yasayan gruplarin; isi geregi karsilastigi
insanlara ne oldugunu umursamadigi, dogrudan
dogruya insanlarla ¢alismanin bu kisilerde ciddi stres
yarattig1, i nedeniyle iliski kurdugu insanlarla uygun
bir ortam olusturamadig, insanlarla yakin bir ¢alisma
sonrasi kendisini enerjik hissetmedigi, isinde kayda
deger onemli basarilar elde edemedikleri, isinde yolun
sonuna geldigini hissettigi, isindeki duygusal
sorunlara serinkanlilikla yaklagmadigi, isi geregi
karsilagtig1 insanlarin kendisini suglayici davrandiklar
fikrinde olduklar1 diisiiniilebilir. ISG uzmanlarmin
mezuniyet  kaynaklarma gére bu  diizeyler
incelendiginde; gruplar arasinda istatistiksel olarak
anlamli bir farklilik bulunamamustir.

Calismamizin  iiglincii amact ise is giivenligi
uzmanlarinda; rol belirsizligi, rol ¢atismasi, duygusal
tikenme ve duyarsizlagma ile kisisel basar1 hissinde
azalma arasindaki iliskilerin ortaya konmasidir. Bu
kapsamda is gilivenligi uzmanlarinda; rol belirsizligi
ile rol catigmasi arasinda pozitif yonde ve zayif
seviyede bir iligkinin varlig1 goriilmektedir. Bu sonug
Dogan ve digerleri (2016)’nin, Sabuncuoglu
(2008)’nun ve Bedeian ve Armenakis (1981)’in
sonuglartyla uyum i¢indedir. [14, 18, 21]. Rol
belirsizliginin; duygusal tiikenmeyle ve kisisel basari
hissinde azalmayla pozitif yonlii ve orta diizeyde bir
iliski i¢inde oldugu; duyarsizlagsmayla ise pozitif yonlii
fakat zayif diizeyde bir iliski icinde oldugu
goriilmektedir. Bu sonu¢ Dogan ve digerleri
(2016)’nin ve Sabuncuoglu (2008)’nun sonuglariyla
uyum icindedir [18, 21]. Rol catismasinin; duygusal
tikenmeyle ve duyarsizlagmayla pozitif yonlii ve orta
diizeyde bir iliski i¢inde oldugu goriilmektedir. Bu
sonu¢ Dogan ve digerleri (2016)’nin ve Sabuncuoglu
(2008)’nun sonuglariyla uyum igindedir [18, 21]. Rol
catismasi ve kisisel basari hissinde azalma arasinda
pozitif yonde zayif seviyede bir iliski oldugu
goriilmektedir. Bu sonu¢ Dogan ve digerleri
(2016)’nin  sonuglartyla uyum  iginde  iken
Sabuncuoglu (2008)’nun sonuglariyla uyumlu degildir
[18, 21]. Bu durum genel olarak incelendiginde is
giivenligi uzmanlarmin tilkenmigliklerinin azaltilmasi
icin rol belirsizligi ve rol gatigmalarimi onleyici

coziimlerin gerekliligi ortaya g¢ikmaktadir. Duygusal
tikenme, duyarsizlasma ve kisisel basart hissinde
azalma boyutlarinin birbirleriyle pozitif yonde ve
giiclii seviyede bir iligki iginde oldugu goriilmektedir.
Bu sonu¢ Sabuncuoglu (2008)’nun sonuglariyla uyum
icindedir [21].

Calismamizin  dordiincii amaci ise is glivenligi
uzmanlarinda; rol belirsizligi ve rol c¢atigmasinin

tikenmiglik  6lgeginin alt boyutlarn1  yordayip
yordamadigint  belirlemektir. Bu kapsamda s
giivenligi uzmanlarinda; rol belirsizligi ve rol

catismasinin her ikisinin birlikte duygusal tiikenme,
duyarsizlasma ve kisisel basart hissinde azalma
durumunu yordadigi gorilmiistir. Bu sonug¢ rol
belirsizligi ve rol ¢atismasindaki artisin titkenmisligin
tim boyutlarmi  arttirdigint  gostermektedir. Bu
nedenle is gilivenligi uzmanlarinin tilkenmiglik
problemlerinin 6nemli bir kismini ¢dzebilmek igin rol
belirsizligi ve rol ¢atigmasia neden olan faktérlerin
kontrol  altma  almmasinin  faydali  olacagi
degerlendirilmektedir.

X. ONERILER

Is giivenligi uzmanlarinin tiikkenmislik seviyelerini
diistirmeye yonelik olarak; ¢alismada kullanilan 6lgek
sorular1 ve is giivenligi uzmanlarmin mevcut caligma
kosullar1 da g6z oniinde bulundurularak isverenlere,
yetkili kurumlara ve yeni arastirmacilara gesitli
onerilerde bulunulmustur. Bu kapsamda; is glivenligi
uzmanlarmin yasadiklar1 tiikenmiglik seviyesinin
azaltilmasi i¢in oncelikli olarak tiikenmislik durumunu
ifade eden sorunlarin ¢6ziilmesinin faydali olacagi
disiiniilmektedir. Ayrica rol belirsizligi ve rol
catismasindaki artiglarin  tiikenmislik  seviyesinin
yaklasik %25’ini yordamasi nedeniyle rol ¢atigmasi ve
rol  belirsizligi  sorunlarinin  ¢dziilmesiyle de
tikenmislik seviyesinin azaltilabilecegi
disiiniilmektedir. Bu nedenle oOncelikle dogrudan
tikenmislik seviyesini azaltacak Oneriler; bunun
arkasindan da rol c¢atigmast ve rol belirsizligi
seviyesini azaltacak diger Oneriler sunulmustur.
Duyarsizlagmanin  azaltilmasi igin igverene; is
giivenligi uzmanlariyla diger tiim ¢alisanlar arasinda
iletisim ve isbirligini tegvik etmeleri, kendisi ve iist
diizey yoneticilerin tiim ¢aligsanlara rol model olmalari,
isyerinde performans ol¢lim sistemini gelistirmeleri
yoksa olusturmalari, isyerinde empati, cesitlilik,
ayrimceilik, ig yiikii ve stresle bas etme gibi konularda
egitim ve seminerler diizenletmeleri, isyerinde olumlu

bir i giivenligi kiiltiirii olusturmalar1 tavsiye
edilmektedir. Duygusal tiikenmenin azaltilmasi
yoniinde igverene; i gilivenlifi uzmanlarina

destekleyici bir ¢alisma ortami saglamalari, kisilerin
0z saygisimi ve igyerine aidiyet duygusunu artirmaya
yonelik mesai dis1 sosyal faaliyetler planlamalar
onerilmektedir.  Diisiik  kigisel basar1  hissini
yiikseltmek i¢in ise igverene; kurum i¢i veya kurum
disindan yetkin ig giivenligi uzmanlart araciligiyla, C
sinifi is giivenligi uzmanlarinin dlgiilebilir ve gercekei

403



Int. ). Adv. Eng. Pure Sci. 2023, 35(3): 389-405

Rol Belirsizligi, Rol Catismasi ve Mesleki Tiikenmislik

hedefler belirlemelerine yardimci olmalari, basarili
olan ISG uzmanlarin1 ddiillendirmeleri, meslek ici
egitimlerle ~ uzmanlar1  desteklemeleri  tavsiye
edilmektedir. Tiikkenmiglik seviyesini dolayli olarak
etkileyen rol ¢atismasi ve rol belirsizligini diisiirmek
icin de isverene; igyerindeki genel yonetim
politikalarin1  gdzden gecirmeleri, is giivenligi
uzmanlarinin  ve diger ¢alisanlarin  yetki ve
sorumluluklarmi  actk  ve  dengeli  bigimde
belirlemeleri, c¢alisanlara iletisim becerileri, is yiikii
planlama ve stresle miicadele gibi konularda egitim
verdirmeleri Onerilmektedir. Ayrica is gilivenligi
uzmanlarinin ¢aligma kosullar1 goz oniine alindiginda;
rol belirsizligi ve rol ¢atigmasi seviyesinin azaltilmasi
icin dncelikle tam bir mesleki bagimsizlik ilkesi iginde
caligmalar1 gerekmektedir. Bunun saglanmasi i¢in de
is giivenligi uzmanlarinin ilgili bakanliga bagli bir

calisan olarak gorevlendirilmeleri tavsiye
edilmektedir. Bu durumun uygulanabilmesi i¢in de
yetkili kurumlarin  gerekli yasal alt yapiy1

olusturmalar1 6nerilmektedir. Bunlara ek olarak is
giivenligi uzmani yetistiren egitim kurumlarinin, etkili
iletisim becerileri, zaman yOnetimi, stres yonetimi, i
planlama gibi ¢esitli kisisel gelisim derslerini de
miifredatlarina eklemeleri 6nerilmektedir. Son olarak;
benzer konularda galisma yapan arastirmacilara, is
giivenligi uzmanlariyla miilakatlar yaparak bu
calismayi derinlestirmeleri tavsiye edilmektedir.

KAYNAKCA

[1] Goziiak, M. H., & Ceylan, H. (2021). Tiirkiye’de
ingaat sektoriinde meydana gelen is kazalarinin is
saglig1 ve gilivenligi baglaminda analizi: Giincel
egilimlere genel bir bakis. Saglik
Akademisyenleri Dergisi, 8(2), 133-143.

[2] Oztiirk, T. (2022). Tiirkiye’de 2017-2020 yillart
arasinda yaganan is kazalar1 ve yaralanma
olaylarmm illere goére degerlendirilmesi.
International Journal of Advances in Engineering
and Pure Sciences, 34(3), 460-469.

[3] Orhan, S. (2014). Is giivenligi uzmanlarinn is
giivencesi sorunu. Hak Is Uluslararas1 Emek ve
Toplum Dergisi, 3(6), 70-89.

[4] Cetin, M. (2015). Tiirkiye’deki is kazalar1 ve is¢i
6liimlerinin ekonomik boyutu ve politika onerisi.
Istanbul Journal of Sociological Studies, 51,
Article 51. https://doi.org/10.18368/IU/sk.60129

[5] Arslan, M., & Unsal, M. (2015). Yap islerinde
saglik ve giivenlik planmin kaza riskini
azaltmaya pozitif etkisi. TMOBB Ingaat
Miihendisleri Odas1 5. Is Saghgi ve Giivenligi
Sempozyumu, 5-6.

[6] Is Saghgi ve Giivenligi Kanunu, 6331 (2012).
https://www.mevzuat.gov.tr/mevzuat?MevzuatN
0=6331&MevzuatTur=1&MevzuatTertip=5

[71 Kayan, Y. V., Dogruyol, M., Giiltekin, M. S.,
Celal, M., Giiltekin, E. A., & Kuncan, O. (2017).
Is giivenligi uzmanlarinin yasadiklar1 sorunlar

404

tizerine bir arastirma. Bilim ve Genglik Dergisi,
5(2), 44-50.

[8] Takaoglu, Z. B., Kaya, E. C., & Iri, N. O. (2018).
Is giivenligi uzmanlarimin yasadigi sorunlar.
Giimiishane ~ Universitesi  Saghk  Bilimleri
Dergisi, 7(2), 1-9.

[9] Sar, S. N., Atalay, D., Celik, O., Engin, F.,
Mirici, E., Giir, R., & Aktas, C. E. (2021). Is
sagligi ve giivenligi uzmanlan ile ¢alisanlar
arasidaki iletigim sorunlar1 ve ¢oziim Onerileri.
II. Ulusal, 48.

[10] Karakaya, T. (2018). Is giivenligi uzmanlarinin
calisma yasami Ozellikleri, is stresi ve is
giivencesizliginin ~ degerlendirilmesi.  Yiiksek
Lisans Tezi, Hacettepe Universitesi, Saglik
Bilimleri Enstitiisii, Ankara.

[11] Aytac, S., Engin, T., & Imanli, E. (2020). Is
giivenligi uzmanlarmin ise iliskin duygusal iyi
olus hali, mutluluk ve yasam tatmini iligkisi.
Yasar Universitesi E-Dergisi, 15(60), 746-758.

[12] Aytag, S., Akalp, G., & Gokge, A. (2016). Is
sagligl ve gilivenligi uzmanlarinin igse baglh stres
ve tiikenmislik diizeylerinin incelenmesi. Ataturk
University  Journal of  Economics &
Administrative Sciences, 30(5), 1207-1225.

[13] Rizzo, J. R., House, R. J., & Lirtzman, S. 1.
(1970). Role conflict and ambiguity in complex
organizations. Administrative science quarterly,
150-163.

[14] Bedeian, A. G., & Armenakis, A. A. (1981). A
path-analytic study of the consequences of role
conflict and ambiguity. Academy of management
journal, 24(2), 417-424.

[15] Daft, R. L. (2010). New era of management 9" th
Edition. Terjemahan. Tita Maria Kanita, Era
Baru Manajemen. Jakarta: Salemba.

[16] Schermerhorn Jr, J. R., Osborn, R. N., Uhl-Bien,
M., & Hunt, J. G. (2011). Organizational
behavior. john wiley & sons.

[17] DeCenzo, D. A., Robbins, S. P., & Verhulst, S. L.
(2016). Fundamentals of human resource
management. John Wiley & Sons.

[18] Dogan, A., Demir, R., & Tiirkmen, E. (2016). Rol
belirsizliginin, rol c¢atismasinin ve sosyal
destegin tiikkenmislige etkisi: Devlet ve vakif
iiniversitelerinde c¢alisan akademik personelin
tikenmislik  diizeylerinin  karsilastiriimasi.
Atatiirk Universitesi Iktisadi ve Idari Bilimler
Dergisi, 30(1), 37-66.

[19] Valenzi, E., & Dessler, G. (1978). Relationships
of leader behavior, subordinate role ambiguity
and subordinate job satisfaction. Academy of
Management journal, 21(4), 671-678.

[20] Esatoglu, A. E., Agirbas, 1., Akbulut, Y., & Celik,
Y. (2004). Saghk Bakanlhgr hastanelerinde
hemsirelerin rol c¢atigmasi ve rol belirsizligi
diizeylerinin belirlenmesi. Amme Idaresi Dergisi,
37(4), 133-146.

[21] Sabuncuoglu, E. T. (2008). Rol ¢atlsmasinin ve
rol belirsizliginin tiikkenmislik ve is doyumu



Rol Belirsizligi, Rol Catismasi ve Mesleki Tiikenmislik

Int. J. Adv. Eng. Pure Sci. 2023, 35(3): 389-405

iizerindeki etkilerinin incelenmesi. Dokuz Eyliil
Universitesi lktisadi Idari Bilimler Fakiiltesi
Dergisi, 23(1), 35-49.

[22] Tung, T. (2008). Doktor ve hemsirelerde
tikenmislik ile rol catigmasi ve rol belirsizligi
arasindaki iliski: Bir {iniversite hastanesi 6rnegi,
Yiiksek Lisans Tezi, Sakarya Universitesi Sosyal
Bilimler Enstitiisii.

[23] Perrewé, P. L., Zellars, K. L., Ferris, G. R., Rossi,
A. M., Kacmar, C. J., & Ralston, D. A. (2004).
Neutralizing job stressors: Political skill as an
antidote to the dysfunctional consequences of
role conflict. Academy of Management Journal,
47(1), 141-152.

[24] Simsek, M. S., Celik, A., & Akgemci, T. (2015).
Davranis bilimlerine giris ve orgiitlerde davranis.
Egitim Yayinevi.

[25] Arslan, S., & Ungiiren, E. (2017). Rol ¢atigmasi
ve rol belirsizliginin Orglitsel yabancilagmaya
etkisi: Alanya Belediyesi'nde bir arastirma.
Cagdas Yerel Yonetimler Dergisi, 26(4), 43-84.

[26] Schwab, R. L., & Iwanicki, E. F. (1982).
Perceived role conflict, role ambiguity, and
teacher burnout. Educational administration
quarterly, 18(1), 60-74.

[27] Brookings, J. B., Bolton, B., Brown, C. E., &
McEvoy, A. (1985). Self-reported job burnout
among female human service professionals.
Journal of Organizational Behavior, 6(2), 143-
150.

[28] Fimian, M. J., & Blanton, L. P. (1987). Stress,
burnout, and role problems among teacher
trainees and first-year teachers. Journal of
Occupational Behaviour, 8(2), 157-165.

[29] Von Emster, G. R., & Harrison, A. A. (1998).
Role ambiguity, spheres of control, burnout, and
work-related attitudes of teleservice
professionals. Journal of Social Behavior and
Personality, 13(2), 375.

[30] Tunc, T., & Kutanis, R. O. (2009). Role conflict,
role ambiguity, and burnout in nurses and
physicians at a university hospital in Turkey.
Nursing & health sciences, 11(4), 410-416.

[31] Ghorpade, J., Lackritz, J., & Singh, G. (2011).
Personality as a moderator of the relationship
between role conflict, role ambiguity, and
burnout. Journal of Applied Social Psychology,
41(6), 1275-1298.

[32] Jackson, S. E., Schwab, R. L., & Schuler, R. S.
(1986). Toward an understanding of the burnout
phenomenon. Journal of applied psychology,
71(4), 630.

[33] Leiter, M. P., & Maslach, C. (1988). The impact
of interpersonal environment on burnout and
organizational =~ commitment.  Journal  of
organizational behavior, 9(4), 297-308.

[34] Jackson, S. E., Turner, J. A., & Brief, A. P.
(1987). Correlates of burnout among public
service lawyers. Journal of Organizational
Behavior, 8(4), 339-349.

[35] Silig, A. (2003). Banka ¢alisanlarinin tiikenmislik

diizeylerinin  ¢esitli  degiskenler acisindan
i.r'lcelenmesi, Yiksek Lisans Tezi, Anadolu
Universitesi.

https://earsiv.anadolu.edu.tr/xmlui/handle/11421/
3289

[36] Maslach, C., & Zimbardo, P. G. (1982). Burnout—
The Cost of Caring, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey.

[37] Ergin, C. (1992). Doktor ve hemsirelerde
tikenmigslik ve Maslach tiikenmislik Glgeginin
uyarlanmasi. VII. Ulusal psikoloji kongresi
bilimsel galigmalar1, 22(25,143-154).

[38] Budak, G., & Siirgevil, O. (2005). Tiikenmislik
ve tikenmigligi etkileyen Orgiitsel faktorlerin
analizine iliskin akademik personel tizerinde bir
uygulama. Dokuz Eyliil Universitesi Iktisadi
Idari Bilimler Fakiiltesi Dergisi, 20(2), 95-108.

[39] Wright, T. A., & Bonett, D. G. (1997). The
contribution of burnout to work performance.
Journal of Organizational Behavior: The
International Journal of Industrial, Occupational
and Organizational Psychology and Behavior,
18(5), 491-499.

[40] Maslach, C., Schaufeli, W. B., & Leiter, M. P.
(2001). Job burnout. Annual review of
psychology, 52(1), 397-422.

[41] Maslach, C., & Jackson, S. E. (1981). The
measurement of experienced burnout. Journal of
organizational behavior, 2(2), 99-113.

[42] Yildirim, F. (1996). Banka calisanlarinda is
doyumu ve algillanan rol catismasi ile
tikenmislik arasindaki iligki. Yiiksek Lisans
Tezi, Hacettepe Universitesi Sosyal Bilimler
Enstitiisti, Ankara.

[43] Biiyiikoztirk, S. (2011). Sosyal bilimlerde veri
analizi el kitab1. Pegem Yayimevi, Ankara.

[44] Pallant, J. (2017). SPSS kullanma kilavuzu: SPSS
ile adim adim veri analizi. An1 Yayincilik.

405



Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 406-417
DOI: 10.7240/jeps. 1174193

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Web Tarayicilar i¢cin Etkili Tohum URL Sec¢imi ve Kapsam Genisletme
Algoritmasi

Effective Seed URL Selection and Scope Extension Algorithm for Web Crawler

Ziilfii ALNAOGLU" ), M.Ali AKCAYOL?

! Hatay Mustafa Kemal Universitesi, Antakya MYO, Bilisim Teknolojileri Béliimii, Hatay, Tiirkiye
2 Gazi Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi, Ankara, Tiirkiye

Oz

Web, hizla biiyiiyen ve her tiirden verilerin bulundugu devasa bir veri kaynagidir. Kullanicilar bu veri kaynagindan istedikleri
verileri almak i¢in arama motorlarini kullanirlar. Arama motorlart bu verileri web tarayicilari ile elde ederler. Web tarayicilar
web sayfalarindaki tek diizen kaynak buluculart (URL-Uniform Resource Locator) izleyerek ulastiklari tiim sayfalardaki
verileri alir, ayristirir ve indekslerler. Web tarama siirecindeki en 6nemli konular hangi URL’lerden baslanacagi ve taramanin
kapsamidir. Bu yazida kapsami tiim web olan genel bir tarayicinin tohum URL se¢im ve kapsam genisletme yontemleri
sunulmustur. Tohum URL seciminde 102 farkl iilkede ziyaret¢inin giinlilk harcadigi saat, ziyaret¢i basina giinliik sayfa
goriintiileme sayisi, aramadan gelen trafigin yiizdesi ve toplam bagli site sayist temel alinarak olusturulmus ti¢ farkli tohum
URL seti olusturulup detayli bir sekilde performanslari analiz edilmistir. Ayrica kapsami hizli bir sekilde genisletmek igin link
skoruna dayali yeni bir tarama algoritmasi Onerilmig, tohum URL setleri kullanilarak taramalar yapilmis, karsilastirilmis ve
detayli analizleri yapilmistir.

Anahtar Kelimeler: Web Tarayicilari, Tohum URL Seg¢imi, Kapsam Genisletme, Link Skoru Hesaplama

Abstract

The web is a huge data source which is rapidly growing and which keeps all kinds of data. Users use search engines to get the
data they want from this data source. Search engines obtain these data through web crawlers. Web crawlers retrieve, parse, and
index data on all pages they reach by tracking uniform resource locators (URL) on web pages. The most important issues in
the web crawling process are which URLSs to start from, and the scope of the crawl. In this study, seed URL selection and scope
expansion methods of a general web crawler were presented. In the selection of seed URLSs, three different seed URL sets were
created based on the daily hours spent by the visitors in 102 different countries, the number of daily page views per visitor, the
percentage of traffic from the search, and the total number of affiliate sites, and their performance was analyzed thoroughly.
Furthermore, a new search algorithm based on link score was proposed to expand the scope quickly, searches were made,
compared, and detailed analyzes were performed using seed URL sets.

Keywords: Web Crawler, Seed URL Selection, Scope extension, Link score calculation

I. GIRIiS

Giiniimiizde interneti kullanarak Web {izerindeki verilere erismek hayatimizin 6nemli bir pargasi haline gelmistir.
Suanda mevcut diinya niifusu 7.9 milyar olup 5.2 milyar (%66.2) internet kullanicisi mevcuttur [1]. Bu say1
2012’de 2.4 milyar [2] iken 2022°de 5.2 milyara yiikselmis, yani yaklagik %116 artmistir.

Internet kullanic1 sayismin artmast Web’ deki veri miktarinin artmasi anlamima gelmektedir. Web her gegen giin
hizla biiytiyen ve her tiirden verilerin bulundugu devasa bir veri deposudur. Bu veri deposu i¢inde istenilen verilere
dogru bir sekilde ve zamaninda ulagsmak, gliniimiiz kosullarinda hayati dneme sahip olup her gecen giin
zorlagmaktadir [3]. Bu zorluklar1 asabilmek, Web’ deki verileri aramak ve istenilen veriye ulagmak i¢in arama
motorlar1 kullanilmaktadir. Arama motorlarmi kullanmadan web iizerindeki bilgileri elde etmek i¢in, milyarlarca
web sayfasini tek tek ziyaret etmek gerekir. Bu durumda veriye ulagsmak neredeyse imkansiz hale gelmektedir.

Bircok tarayici tiirii olmasina ragmen temelde genel ve odakli olmak iizere iki ana tarayici tiirii vardir. Odakli
tarayicilar belirli bir konu ya da alan ile ilgili sayfalari tarama egilimindedirler. Onceden belirlenmis baz1 verileri
kullanarak erigim sayisint sinirlarlar [4]. Genel tarayicilarda ise boyle bir sinirlama yoktur. Arasu ve arkadaslari
[5], yaptiklar1 ¢alismada, odakli taramanin degisen 6n bilgilere gore kullanicilar arasinda degisiklik gosterdigini
vurgulanmis ve gergek hayatta genel tarayicilarin kullaniminin daha 6nemli oldugunu &zellikle belirtmiglerdir.
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Tohum URL Segimi ve Kapsam Genisletme

Arama motorlar1 temel olarak 3 béliimden olusurlar. Bu
bolimler siras1 ile web sayfalarii tarama, verileri
indeksleme ve bu veriler igerisinde aramadir[6]. Web
sayfalarini tarama islemini web tarayicilar (6riimeek,
tarama botlar1 vb.) gerceklestirir. Web tarayicilart
tarama islemine tohum (baslangig) URL’ler ile baslar.
Ziyaret edilen web sayfasit igindeki veriler alinip
indekslenir ve sayfa icindeki diger URL’ler ¢ikarilarak
oncelikli kuyruga eklenir. Siras1 gelen URL taranir ve
veriler indekslenir. Taranan URL’ler belirli politikalara
gore tekrar taranarak giincellik saglanir. Sekil 1° de
dongiisel yap1 kullanarak veri tabanini giincel tutan bir
tarayict mimarisi gosterilmistir [6].
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Sekil 1. Tarayict Mimarisi

Web’ in tamaminin taranmasi devasa hacmi nedeniyle
uzun bir siiregtir ve neredeyse imkansizdir. Mevcut
arama motorlar1 (Google, Baidu, Yahoo vd.) tim Web
’in sadece yaklasik olarak %5 ini tarayabilmektedir [7].
Bu nedenle arama motorlarinin en  biiyiik
yetersizliklerinin baginda kapsam genisligi
gelmektedir. Kapsami genisletmek i¢in 6zellikle ticari
arama motorlar1 birgok algoritma ve 6zellik (cogu gizli)
kullanmaktadirlar. Kapsami genisletmenin ilk adimi
tohum URL se¢imi ve ikinci adimi da iyi bir tarama
algoritmasidir.

II. LITERATUR ARASTIRMASI

Literatiirde yapilan ¢aligmalar1 tohum URL se¢imi ile
ilgili ¢alismalar ve kapsam genigletme metotlar ile
ilgili galigmalar olmak iizere iki gruba ayiriyoruz.

1.1 Tohum URL Se¢imi

Bir web tarayicisinin en 6nemli sorunlarindan biri en
uygun sayfalar1 elde etmek i¢in hangi URL’ lerden
baglamasi gerektigidir [8]. Bu baslangic URL seti,
tarayicillarin  arama  islemlerini  baglattifi  giris
noktasidir. Tohum URL’lerin kalitesi tarayicinin
performansint ve kapsamini etkileyen en temel
Ozelliklerden biridir. Web’ in dinamik yapis1 geregince
en iyi tohum URL’ lerin de zaman ile degisim
gostermeleri kaginilmazdir.

Daneshpajouh ve arkadasglart [9], farkli topluluklardan
tohum URL’ leri tanimlayan ve ¢ikaran ilk tohum
¢ikarma algoritmasini 6nermislerdir. Algoritma, tohum
URL’lerin farkli topluluklardan diigiimler icermesini

garanti etmek i¢in se¢ilen tohum URL’ ler arasindaki
mesafeyi 6lgmektedir. Kleinberg [10], web sayfalarini
merkez ve otorite adini verdigi iki ana grupta toplayan
HITS algoritmasint 6nermistir. HIST algoritmasi
yalnizca web sayfalar1 arasindan kopriileri dikkate
almaktadir. Bundan dolayr en iyi merkez web
sayfalarinin en iyi tohum URL oldugu séylenebilir.
Zheng ve arkadaglart [11], tohum URL se¢imi i¢in
rastgele, en yliksek PageRank degeri ve en ¢ok alan dis1
baglantiya sahip k sayfaya dayali tohum se¢im
stratejilerini kullanan grafik tabanli bir yaklagim
onermislerdir. Onerilen yaklasgimin performansini
degerlendirmek icin her biri en az 100 sayfa igeren ve
en az bir harici baglantiya sahip olan 2000 web
sitesinden rastgele ornekler segerek tohum URL setini
olusturmuslardir.

Nwala ve arkadaglart [12], web arsivi koleksiyonlari
icin sosyal medya gonderilerinden tohum URL elde
etmislerdir. Bu URL’ lere 10 ana boyutta (popiilerlik,
cografik, konu uzmani, giivenilirlik, itibar vs. ) bir
kalite puant atamiglardir. Toplamda referans
koleksiyonlarmmdan 1552 ve  Twitter =~ Mikro
koleksiyonlarindan 4.209 tweet’ den 2.027 tohum URL
elde etmislerdir.

Tohum URL se¢iminde, uzman tarafindan manuel
secim, yar1 otomatik se¢cim ve otomatik se¢im olmak
izere ii¢ temel se¢im metodu vardir. Tarayicilar igin
tohum URL ¢ikarma genellikle manuel yapilir. Manuel
secimde [13-15] bir veya birkag¢ konu hakkinda yapilan
taramalarda konunun uzmanlar1 tarafindan tohum
URL’ ler secilmekte, dnceliklendirilmekte ve tarama
kuyruguna eklenmektedir. Yar1 otomatik se¢imde
DMOZ ve curlie.org gibi agik kaynak dizinlerden,
belirli 6zelliklere gore tohum URL’ ler segilmektedir.
Chan ve Yamana [16], DMOZ iizerinde bulunan URL’
leri belirli alan adlar1 (.com, .net, cn, .tw, .jp, .kr) ve
dillere gore (Cince, Japonca ve Korece) ayiklandiktan
sonra tohum URL olarak almiglardir. Menczer ve
Monge [17], InfoSpider adim1 verdikleri bir tarayici
gelistirmislerdir. InfoSpider, kullanici sorgularini genel
bir arama motoruna gondermekte ve sonug olarak
donen URL’leri tohum URL olarak kullanmaktadir.
Son olarak otomatik se¢imde Twitter gibi sosyal
medyadaki kullanicilarin paylastiklart URL’ ler tohum
URL olarak alinmaktadir. Priyatam ve arkadaslari [18],
Twitter’ da paylasilan URL’ lerin her biri kose noktasi
olan bir grafik olusturmus ve benzer kdseleri birbirine
baglamiglardir. Onerilen tarayici taramaya kose
noktalarini olusturan ve benzersiz olan URL’ ler ile
baglamistir. Sanagavarapu ve arkadaglar1 [19],
Wikipedia ve Twitter’ 1 kullanarak tohum URL’ lerin
otomatik olarak ¢ikarilmasi igin puanlama (SeedRel)
metrigi ve URL’ lerin alaka diizeyini belirlemek icin
cesitlilik indeksi kullanan bir yaklagim 6nermislerdir.
Buna ek olarak Sanagavarapu ve ark. [20], tohum ve alt
URL’lerin tanimlanmasi ve puanlanmasi i¢in yapay ari
kolonisi (Artificial Bee Colony - ABC) algoritmasini
onermislerdir. Onerilen algoritmay1 giivenlik alanina
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uygulamis ve Wikipedia iizerinden 34.007 tohum
URL’ i ¢ikarmislardir.

1.2 Kapsam Genisletme

Bir arama motorunun performans 6lgiitlerinden biri de
taradig1 ve indeksledigi web sayfalarmin miktaridir.
Arama motorunun, web tarayicisi ve tarayicinin
kullandig1 tarama tekniklerine bagl olarak kapsami ve
etkinligi artar [21]. Web’ in grafik yapist karmasiktir
ve igerik ile kopriilere erismek igin verimli bir
algoritma gerekir. Kapsam, oncelikle secilen tohum
URL’ lere ve ardindan taramanin genisleyebilmesi icin
URL’ lerin oncelik durumuna gore siralanmasina
baglidir. Web tarayicilart igin web sayfalarinin
onemleri farklidir ve hangi sayfalarin dnce taranmasi
gerektigi ile ilgili cesitli algoritmalar gelistirilmistir
[22].

Page ve arkadaslari [23], Google arama motorunun
temel algoritmalarindan  biri olan  PageRank
algoritmasini Onermislerdir. Hangi web sayfalarmin
oncelikli taranmasi gerektigini belirlemek igin farkli
metrikler mislardir. Bu metrikler genislik dncelikli, geri
baglant1 sayis1 ve PageRank olup tarayictyr onemli
sayfalara yonlendirme agisindan bu iic metrik
karsilagtirilmigtir.  Sonu¢  olarak  PageRank’ in
digerlerine gore onemli sayfalar1 daha erken taradigi
goriilmiistiir. Prakash ve Kumar [24], calismalarinda
PageRank ve kopekbaligi aramasimin (Shark-Search)
gelistirilmis bir versiyonu olan PageRank algoritmasini
kullanan kopekbaligi algoritmasint  6nermislerdir.
Yapilan o6n deneylerde orijinal sayfa siralamasi
algoritmasina gore Onemli gelismelerin gosterildigi
belirtilmistir. Cao ve arkadaslart [25], calismalarinda
ayn1 agda rastgele yliriiyiise izin veren RankCompede
adin1 verdikleri yeni bir model 6nermislerdir. Rastgele
ylrliyis ile rekabet kavramlarii birlestirerek
kiimeleme ve siralama islemlerini ayn1 anda yerine
getiren bir yontem gelistirmiglerdir. Geleneksel grafik
kiimeleme yaklasimlari ile karsilastirilmig ve yontemin
ag digimlerini gruplamada daha hizli ve sezgisel
oldugu belirtilmistir. Najork ve Wiener [26] 6nerdikleri
yontemde 328 milyon benzersiz sayfa igeren bir tarama
sirasinda, taranan sayfalarin zaman igerisindeki
ortalama sayfa kalitesini incelemislerdir. Taramaya
baslandiginda yiiksek kalitedeki web sayfalarini se¢gme
egiliminde olan genislikte ilk arama yodntemini
secmiglerdir. Sayfalarin kalitesini 6lgmek ve siralamak
icin PageRank algoritmasini kullanmslardir.

Nisreen ve Elsheh c¢aligmalarinda [22], web
sayfalarinda benzerligi ve dinamikligi kullanarak web
sayfalarina Oncelik veren bir yontem Onermislerdir.
Calismada dinamik ve statik URL’ler i¢in ayri iki
oncelikli kuyruk kullanilmistir. Dinamik sayfalar
yiiksek oncelige sahip oldugundan dolay1 oncelikli
taranmaktadir. Elde edilen bulgulara goére web
sayfalarinin dinamikligini kullanmanm, URL’ lerin
taranma sirasinin belirlenmesinde etkili bir yol oldugu

belirtilmistir.

Gupta ve Singh [27] yaptiklar1 ¢alismada kullanici
tercihi tabanli sayfa siralamast adini verdikleri yeni bir
sayfa siralama algoritmasi Onermislerdir. Onerilen
algoritmanin sayfa icerik alaka diizeyini belirlemek icin
aractlar  kullandignt  ve  siralamada  kullanict
davranislarinin da dikkate alindig1 vurgulanmistir. Yine
kullanici davranist ile ilgili olarak Alhaidari ve
arkadaglar1 [28], kullanici davranist ve tercihine
odaklanan sayfa siralama algoritmalari, PageRank,
Agirhikli PageRank ve koprii kaynakli konu arama
algoritmalarin1 tartismislardir. Bunlara ek olarak
algoritmalarin birlesiminden olusan kullanici tercihi
tabanli agirlikli sayfa siralama algoritmasini (User
Preference Based Weighted Page Ranking Algorithm -
UPWPR) o&nermislerdir. UPWPR algoritmasi, web
icerik madenciligi ve web kullanim madenciligini
kullanarak kullanici tercihlerine gore arama sonuglarini
siralamaktadir.

Baker ve Akcayol [29], URL’leri alan i¢i ve alan dis1
olarak siniflandiran ve bir 6ncelik sirasi kullanan
tarayict  algoritmasint  sunmuslardir. Onerilen
algoritma alan dis1 baglantilar i¢in 2/3 ve alan igi
baglantilar i¢in 1/3 degerini vererek alan disi
baglantilara 6ncelik vermektedir. Bunun sebebi
kapsam1 genisletmek ve aym etki alani igindeki
baglanti déngiilerinden kaginmaktir. Oncelikli kuyruga
eklenen URL’ ler i¢in bir zamanlama mekanizmasi
kullanilmig ve belirli bir siire boyunca taranmayan
URL’ ler kuyruktan ¢ikartilmistir.

III. ONERILEN WEB TARAYICISI

Bu calismada onerdigimiz web tarayicisi genel bir
tarayici oldugu i¢in kapsami tiim webdir. Genel tarayici
siras1 gelen URL’ leri ayrigtirarak web tizerindeki tiim
URL’ lere ulagsmaya calisir. Belirli dil ve bolgelere
bagli kalmamak i¢in tiim diinya iilkelerinden en popiiler
ve en ¢ok ziyaret edilen web sayfalarindan tohum URL
seti olusturulmustur. Onerilen algoritmaya gore tohum
URL seti oOncelikli kuyruga alinarak her bir URL
sirastyla taranmistir. Taranan URL’ e herhangi bir
sebepten dolayr ulasilamadiginda hata kodu, hata
mesaji ve hatali URL veri tabaninda ilgili tabloya
kaydedilerek URL’ lerden silinmistir. URL’ e baglant1
saglandiginda iki iglem gergeklestirilir. (1) URL’in ana
sayfasi bulunarak ilgili tabloya kaydedilir ve link
skoruna (LS) en yiiksek deger olan 1 degeri verilir. (2)
Sayfa igerisinde ayrigtirllan URL’ ler alan igci
(IntraDomain) ve alan dig1 (InterDomain) olmak tizere
iki gruba ayrilir ve sayilari bulunur. Daha sonra veri
tabanindan kontrol edilerek daha dnce kaydedilmeyen
URL’ lerin denklem (3) ve (4) © e gore link skoru
hesaplanir. Bu iglemin sonunda URL’ ler, link skorlari
ve tarama zaman damgasi veri tabanina kaydedilir. Bu
islemler kuyrukta URL oldugu siirece tekrarlanir.
Kuyruktaki son URL tarandiktan sonra veri tabanindaki
en yiksek link skoruna sahip bin URL 6ncelikli
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kuyruga alinarak kesfedilen tiim URL’ ler bitene kadar
bu islemler tekrarlanir. Gelistirilen web tarayicisinin

akis semas1 Sekil 2° de verilmistir.

Ewvet

I¢ URL Savasim
bul

Her bir
TURL'i kontrdl Et
TUFL Veri gteninda
lzmth mi?

4. cenklami

vveula ve harbir

URL'i Aynshr

Her bir
URL'i koneral Et
URL Veri Bteninda

3. derikclami
uvyeula ve herbir

URL’in L8 sini
Haglaz

UBRL'in LS “zini

Veritabamndan L8 en
—— witlzel 1000 URL"1
lnyrga dis

Sekil 2. Gelistirilen Web Tarayic1 Algoritmasinin Akis Semasi

3.1. Tohum URL Secim Metodu

Gelistirilen tarayicida tohum URL’ ler Alexa [30]
tizerinden alinmigtir. Alexa bir Amazon sirketidir ve
icerik aragtirmasi, rekabet analizi, anahtar kelime
arastirmasi i¢in basvuru kaynagi olarak
kullanilmaktadir. Alexa web sitelerini; ziyaretcinin
giinliik harcadig1 saat, ziyaret¢i bagina giinliik sayfa

gorilintiileme sayisi, aramadan gelen trafigin yiizdesi ve
toplam bagl site sayis1 temel alarak siralamistir. Bu
calismada 102 fakli iilkenin her birinde siralamaya
giren 50 web sayfasi alinmistir. Sayfa tizerinden veri
cekme iglemi icin Python programlama dili
kiitiiphanesi olan BeautifulSoup kullanilmistir. Alexa’
dan toplam 5079 web sitesi alinmig ve kayit edilmistir.
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Google, Youtube, Facebook vb. gibi web siteleri
neredeyse tiim iilkelerde ilk siralarda yer almakta ve
veri tabaninda tekrar etmektedir. Bu web sayfalarindan
benzersiz olan 2502 web sayfasi tespit edilmistir.
Sadece 1 iilkede listeye giren 1920 web sayfasi tohum
URL olarak kullanilmistir.

3.2. Gelistirilen Kapsam Genisletme Modiilii

Tiim webin taranmasi olast olmadigindan, temel
amacimiz hem lokasyon olarak hem de taranmamis
web  sayfalarina  oOncelik  vererek  kapsami
genigletmektir. Kapsami genigletmek i¢in tohum URL
secimi ile birlikte tarama yontemi hayati derecede
onemlidir. Bir web sitesinin ana omurgasinin ve zengin
URL igeriginin bulundugu sayfa ana sayfa (domain
adresleri) oldugu goriilmiistir. Web sayfasi
icerisindeki URL aga¢ yapisinin en istiinde ana sayfa
bulunmaktadir. Bunun i¢in ana sayfalarin oncelikli
olarak taranmasi gerekmektedir. Bir URL kuyruktan
alindiginda ve URL’ e baglant1 saglandiginda sayfadaki
her bir InterDomain igin ayristrma islemi
gerceklestirerek URL’ in ana sayfasinin veri tabaninda
olup olmadig1 sorgulanir. Eger ana sayfa veri tabaninda
kayith degil ise oncelikli taranmasi i¢in link skoruna
(LS) en biiyiik deger olan 1 degeri verilir. Diger URL’
ler i¢in link skoru hesaplanacaktir. Baker ve Akcayol’
un [29] gelistirdikleri oncelikli kuyruk yapisinda
InterDomain linkin skoru (LSmax) ve IntraDomain

linkin skorunun (LSmin) hesaplanmasi sirasiyla
denklem (1) ve (2)’ deki gibidir.
LS — Z(ocinter+°<intra) - Bintra (l)
max Z(ocinter+°<intra)
* 0.66
_ Z(‘xinter'l'ocintra) - .Bintra (2)
LSmin -
Z(ocinter+°<intra)
* 0.33

Denklemlerde kullanilan oner InterDomain linklerin
toplamini, iy, IntraDomain linklerin toplamini ve
Bintra InterDomain ve IntraDomain arasindaki minimum
degeri gosteren degerdir. Bu hesaplama ile bir web
sayfasindaki tiim IntraDomainler ile InterDomainler
kendi igerisinde ayn1 degerleri alir. Bunun sonucunda
oncelikli taramada artarda tarandiklari i¢in iki temel
sorun ile karsilasiimaktadir. Ilk sorun nezaket
politikasina aykir1 olarak bant genisligi sik kullanmis
olmasidir. Ikinci sorun ise LS aym oldugundan
kapsamin hizli bir sekilde genislememesidir. Tohum
URL’ ler arasindan InterDomain ve IntraDomain
sayilart 20 ile 80 arasinda olan rastgele secilmis 20 web
sitesinin denklem (1) ve (2)° ye gore dagilimi Sekil 3’
de gosterilmistir.

Link Skor Tablosu

U1l6) 2058) M) 473 N50) 6(58) T4 6iG) NE4) 10(38) L1(e6) 12061) 13(T7) L6153} 15(63) 16(38) 17(3) 18(63) 13(54) 20(62)
Ve Siteleri(Link Sayilan)

Sekil 3. Baker ve Akcayol 'a gore LS dagilimi

Bu sorunlar1 ¢ézmek icin hesaplanan degeri sabit bir
say1 ile ¢arpmak yerine her bir URL igin rastgele bir
say1 ile ¢garpmanin kapsami ve dallanmay1 arttirdigini
sOyleyebiliriz. Bunun i¢in gelistirilen denklemlerimiz
sirastyla denklem (3) ve (4) “ deki gibidir

R — Z(ocinter+ocintra) - .Bintra (3)
mn Z(ocinter+(xintra)
* rand (Xpmin, Xmax)
LS _ Z(ocinter+°cintra) - Bintra (4)
max Z('xinter'i'ocintra)

* T'and (ymin! :Vmax)

Denklem (3) ve (4)’ de goriildiigii iizere her bir URL
icin LS hesaplanirken, denklem sabit bir say1 yerine
LSmin Xmin, Xmax araligindaki rastgele bir say1 ile LSy’
da ymin Ve ymax aralifindaki rastgele bir sayi ile
carpilmigtir.  En  uygun Xmin, Xmax V€ Ymin, Ymax
degerlerini tespit etmek i¢in Tablo 1° deki 5 farkli deger
kullanilarak link skorlar1 ayr1 ayr1 hesaplanmustir.

Tablo 1. Kullanilan Xis, Xmax V€ Ymin, Ymax degerleri

Aralik Xmin Xmax Ymin Ymax
Setleri

1 0 0.1 0.9 1

2 0 0.2 0.8 1

3 0 0.3 0.7 1

4 0 0.4 0.6 1

5 0 0.5 0.5 1

Sekil 3’ de kullanilan 20 web sitesi lizerinde Tablo 1’
deki 5 fakli deger aralik seti kullanilarak LSmin ve LSmax
dagilimi test edilmigstir. Hesaplanan LS dagilimlari
Sekil 4,5,6,7 ve 8 de gosterilmistir.
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Web Sitelerindeki Linklerin Skorlan

“|I|||

1(106) 2(57) 396) 4(80) 5(51) 6(S) WTS) B(10) 8(59) L0(d1) 11(66) 12(76) LI(54) L4(6E) 15(39) 16(3) 17(60) 18(76) 19(62)

Sekil 4. 1 Numarali Aralik Seti i¢in LS Dagilim1

Web Siteleri(Link Sayilan)

°

Web Sitelerindeki Linklerin Skorlar
o

oo |

1105) 2(57) %0) MEO) H51) 60) 775) B(10) MBI LOH4LILLI66) 12(76) 13(34) 14(66) 15(39) 16(3) 17(60) 18(76) 19{62)

Sekil 5. 2 Numarali Aralik Seti i¢in LS Dagilimi

Web Sitelerindeki Linklerin Skorlari

02 |

w{ |

i
i

Web Siteleri(Link Saylari)

1108) 2(57) 3(96) a(80) 5(31) s(3) 7(7s) 8(10) 9(59) 10(41) 11(66) 12(76N13(58Y La(66) 15(39) 16(3) 17(60)18(76) 19(62)

Sekil 6. 3 Numarali Aralik Seti i¢in LS Dagilim1

Web Siteleri(Link Sayilar)
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Web Siteleri(Link Sayilar}

Sekil 7. 4 Numarali Aralik Seti i¢in LS Dagilim1
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& ! : H
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v ] | - i 3 § i O ' |
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10103) 2(57) 399 HEO) HGL) 6(5) T(75) BOO) 59} 10(41) L1{66) 121761 13(54) 19(68) 15(39) 1613) 17(60) 18176) 19162)
Web Siteleri(Link Sayilar)

Sekil 8. 5 Numarali Aralik Seti i¢in LS Dagilimi

Sekil 4, 5, 6, 7 ve 8 de goriildiigii gibi LS degeri
IntraDomainler ile InterDomainler hesaplandiginda
sadece 2 farkli deger degil, O ile 1 arasinda dagilmis
degerlerden olusacaktir. Sistemin test edildigi 5 fakl
aralik incelendiginde aralik degeri arttirildik¢a link
skorlar1 da buna paralel olarak artmaktadir. 20 web
sayfasindan alman 1082 farkli URL’ in ayr ayri link
skorlar1 hesaplanmistir. Alinan 5 farkli aralikta URL’
lerin link skorlarin benzersiz olanlarinin sayist Sekil
9’ da gosterilmistir.

Benzersiz LS degerlerinin Sayilar

1200
980 983
909 963

1000 -
w00 /
600
400
200

L8(0.0.1-08.13 L8(0,02-0.81) LS0.03-071) L3(0.04-061) LS8(0.05-0351)

LS Araliklar
Sekil 9. LS araliklarma gére URL' lerin benzersiz LS
dagilimlari.
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Grafikte gorildigli tizere LS hesaplanirken aralik
degeri arttirildiginda URL’ lerin LS degerlerinin
dagilimi homojen olmaktadir. LSni, hesaplanirken
aralik 0 ile 0.5, LSmax hesaplanirken de araligin 0.5 ile
1 arasinda alinmasi en uygun sonucu vermektedir. LS’
ye gore oOncelikli kuyruk olusturuldugunda aym
domainde tarama olasilig1 azalirken farkli domain
tarama olasilig1 artmaktadir. Bunun sonucunda hem
farkli sayfalarda islem yapip bant genisligini ihlal
etmeyecek hem de hizli bir sekilde kesfedilmemis yeni
web sayfalarini kesfedecektir.

IV. DENEYSEL SONUCLAR

Deneysel c¢alismada 3 farkli tohum URL seti
kullanilmistir. Bunlar ; (1) farkl iilkeler ile kesisimi
olmayan tiim URL’ ler, (2) her bir {ilkede toplam bagl
site sayist en fazla olan URL’ ler ve (3) her bir iilkede
InterDomain sayisi en fazla olan 5 URL. Burada (1)
numarali tohum URL seti olusturulurken neredeyse
biitiin iilkelerde popiiler olan web sitelerine (Google,
Twetter, Instagram vs.) diger cogu URL’ lerden koprii
bulundugu i¢in, bu siteler tohum setine eklenmemistir.
Benzersiz olan 2502 URL’ den tiim tilkelerde popiiler
olan sayfalar g¢ikartildiginda 1920 tohum URL (1)
numarali tohum URL setine eklenmistir. (2) numarali

merkez sayilan web siteleri alinmistir. Bu 6zelliklere
sahip 102 fakli tilkeden 102 farkli URL alinarak (2)
numarali tohum URL seti olusturulmustur. Son olarak,
(3) numarali tohum URL setinde ise diger web
sayfalarina baglantt URL’ i sayisina gore siralama
yapilmig ve her bir iilkede esit say1 olacak sekilde en
cok baglantiya sahip olan 5 URL alinmistir. Diger web
sitelerine baglanti URL sayilar fazla olan URL’ leri
almadaki temel amag kapsam genisligini arttirmak ve
miimkiin oldugu kadar az tohum URL kullanarak elde
edilebilecek en iyi kapsama ulagmaktir. Bu nedenle 101
farkli iilkeden bu 6zelliklere sahip 5 URL alinarak 505
URL’ e sahip (3) numarali tohum URL seti
olusturulmustur.

Tablo 2° de 3 farkli tohum URL setinde 3 saatlik zaman
periyoduna gore yapilan taramalarda elde edilen
sonuglar listelenmistir. Burada (a) [29]” da ki ¢caligmada
Baker ve Akcayol’ un o6nerdigi yontem ile yapilan
tarama sonuglarini, (b) ise ¢alismamizda onerdigimiz
yontem ile yapilan tarama sonuglarini géstermektedir.
Deneyler Intel Xeon CPU E5-2650 2.00 GHz islemci,
8 GB RAM ve Windows Server 2019 igletim sistemine
sahip bilgisayar lizerinde yapilmistir. Gelistirilen
tarayict Python programlama dili ve kiitiiphaneleri

tohum seti olusturulurken hem say1 fazla tutulmammg  kullanilarak ~ MySQL  veri  tabani  lzerinde

hem de her bir iilkede HITS [10] algoritmasina gore  uygulanmistir.

Tablo 2. 3 farkli tohum URL setinde 3 saatlik zaman periyoduna gore yapilan tarama sonuglari

Tohum URL Tohum URL Taranan URL Taranan Ana Hatalh URL Hatalh URL
Seti Sayisi Sayisi Sayfa Sayisi Oram (%)
a b a b a b a b

1 1920 202588 289746 1579 2266 601 624 0,30 0,22
2 102 147380 168175 1956 936 452 653 0,31 0,39
3 505 221071 306057 2089 2746 589 611 0,27 0,20

Tablo 2’ de goriildiigii gibi 6nerilen yontemde, taranan
URL sayilar ve taranan ana sayfa sayilar1 daha basarili
sonu¢ vermektedir. Hatali URL orani, hatali URL
sayisinin taranan toplam URL sayisina oranint
gostermektedir. Hatali URL oranlar1 incelendiginde,
calismamizda 6nerilen yontem 1 ve 3 numarali tohum
URL setlerinde daha basarili sonug verirken 2 numarali
tohum URL setinde daha kotii sonug vermistir. Tablo
2’ nin verilerinin gorsellestirilmis hali Sekil 10° da
gosterilmistir  Onerilen yontem ile yapilan taramalar
sonucunda elde edilen sayisal verilerden tohum URL
sayilari, taranan ana sayfa sayilar1 ile hatali URL
sayilar1 sol eksende ve taranan URL sayilar1 sag
eksende olmak tizere Sekil 11’ de gdsterilmistir.

3500

3000

2500

2000

1500

1000

gl B | 1]
a b a b

0
ax 100 b x 100

Tohum URL ~ Taranan URL Sayisi
Sayisi

Taranan Ana Sayfa Hatali URL Sayisi

B 1. Tohum URL Seti 2.Tohum URL Seti M 3.Tohum URL Seti

Sekil 10. 3 farkli tohum URL setinde 3 saatlik zaman
periyoduna gore yapilan tarama sonuglar1
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Tohum URL Setleri Tarama Sonuglari
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Sekil 11. 3 farkli tohum URL setinde 3 saatlik zaman periyoduna gore yapilan tarama sonuglari

Tarama sonucundan da goriildiigi gibi tohum URL
sayisinin taranan URL, ana sayfa ve hatali URL sayis1
iizerinde etkisi yoktur. Performansi etkileyen en 6nemli
gosterge kullanilan tohum URL setinin kalitesidir.
Tarama sonuglarina gore en ¢ok tohum URL kullanan
(1) ve en az tohum URL kullanan (2) numarali tohum
URL setlerine gore (3) numarali tohum URL setinin
tim sonuclarda daha iyi performans gosterdigi
goriilmiistiir. Ozellikle (3) numarali tohum URL seti ile
tarama baglatildiginda diger setlere gore hem hatali
sayfa sayisi ve orani daha diisiikk, hem de taranan ana
sayfa ve toplam URL sayilari daha fazla ¢ikmuistir.

Sekil 11 de goriildiigii gibi en kotli performansi (2)
numarali tohum URL setinin gosterdigi goriilmektedir.
Bunun nedenlerinden biri tohum URL setinin az sayida
URL den olugmasidir. Bir deger nedeni ise toplam
baglh site sayisinin fazla olmasi, o sitenin [10]" da
tanimlanan otorite web sayfalar1 kategorisinde olup

InterDomain sayisinin az olmasindan dolay1 kapsamin
hizli bir sekilde genislememesine sebep oldugunu
gostermektedir. Birbirine yakin performans gosteren
(1) ve (3) numarali tohum URL setlerinin
incelendiginde (1) numarali setin tohum URL say1sinin
(3) numaral setten yaklasik 4 kat daha fazla oldugu
goriilmektedir. Buna ragmen (1) numarali setin (3)
numaralt setten daha kotii performans gosterdigi
goriilmektedir. Bunun temel sebebinin (1) numarali
setin igerisindeki URL’lerin hem merkez hem otorite
sayfalarindan olugmasindan, (3) numarali setin ise
agirlikli olarak merkez sayfalardan olusmasindan
kaynaklandig1 sdylenebilir.

Kapsam genisligi bakimindan bir diger performans
olgiitii taranan URL’ lerin bulunduklarn iilkeye gore
dagilimlaridir. Tablo 3¢ de 3 farkli tohum URL seti ile
yapilan taramada elde edilen ana sayfalarin sayisinin
iilkelere gore dagilimlar1 gosterilmektedir.

bilgilendirici bir igerige sahip

oldugunu

Ve

Tablo 3. 3 farkli tohum URL seti ile yapilan taramada elde edilen ana sayfalarin sayisinin iilkelere gore
dagilimlari

1. Tohum URL Seti

2. Tohum URL Seti 3.

Tohum URL Seti

Web Sayfasi

Web Sayfasi

Web Sayfasi

Ulke Ulke Ulke
Sayisi Sayis1 Sayis1

776 United States 180  United States 651 United States
161 Canada 90  Germany 207  Canada
158 France 86 Canada 186 Germany
130 Germany 74  Romania 175 China
109 Romania 54 Turkey 159 Romania
100 Turkey 35 Bulgaria 142 Turkey

61 Czechia 35 Iran 137 France

54  U. Kingdom 31 Russia 79  U. Kingdom

46 Iran 27  Uzbekistan 64  Bulgaria

45 Georgia 24 Brazil 60  Czechia
626  Diger 300 Diger 886  Diger

413



Tohum URL Segimi ve Kapsam Genisletme

Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 406-417

Taranan ana sayfalarin {lkelere goére dagilimlar
incelendiginde 2 ve 3 numarali tohum URL setlerinin 1
numaralt tohum URL setine gore daha homojen
dagildig1 goriilmiistiir. Toplam taranan URL sayis1 g6z
oniinde bulunduruldugunda 3 numarali tohum URL

setinin 2 numarali tohum URL setine gore yiizdesel
olarak daha basarili sonug verdigi tespit edilmistir.
Sekil 12° de bu dagilimlarin yiizdesel olarak grafigi
gosterilmistir.

1. Tohum URL Seti

2. Tohum URL Seti

3. Tohum URL Seti

H United States W Canada B United States B Germany B United States M Canada

M France B Germany M Canada B Romania m Germany B China

B Romania M Turkey M Turkey W Bulgaria B Romania m Turkey

B Czechia B United Kingdom M iran M Russia M France B United Kingdom
HIran H Georgia M Uzbekistan M Brazil W Bulgaria B Czechia

Sekil 12. Taranan Ana Sayfalarin Sayisinim ilk 10 Ulkeye Gére Dagilimlar

Sekil 13¢ de 3 tohum URL seti ile yapilan taramalar
sonucunda ulagilan iilke sayilar: gosterilmistir.

120

102 99

100

1 2 3

Sekil 11. 3 Tohum URL Seti ile Yapilan Taramalar
Sonucunda Ulagilan Ulke Sayilari

Sekil 13’de 6zellikle 2 numarali tohum URL setinin
tarama sonucunda daha az iilkeye ulasma sebebi her
iilkeden en ¢ok ziyaret edilen sadece bir URL alinmasi
ve alman bu URL ‘in de baska bir iilkeye ait
anabilgisayarlarda barindirildigindan kaynaklandigi
goriilmiigtiir. 1 ve 3 numarali tohum URL setleri ile
yapilan taramada ise yaklasik olarak iilkelerin tamami
taranmaktadir. Bolgesel olarak taramanin dagilimi,
kapsami ve performansi olumlu etkiledigi sdylenebilir.

Tablo 2’de goriildiigii gibi her iilkede IntraDomain
sayisi en fazla olan 5 web sitesi (toplan 505) tohum
URL olarak alindiginda hem kesfedilen URL sayisi ve
ana sayfa sayisi en fazla hem de oransal olarak hatali
sayfa sayis1 daha azdir. 3 tohum URL setinin taranmasi
sonucunda taranan hatali sayfa sayilar1 birbirine g¢ok
yakindir. Tablo 4’ de bu hatalar ve hatalarin tespit
edildigi URL sayilar1 gdsterilmistir.

Tablo 4. 3 tohum URL seti ile yapilan taramada elde edilen hatalar ve sayilar1

Hatalh URL Sayis1

Hata Kodu Hata 1 ) 3
403 Istemci Hatas1: Yasaklanmis URL 177 211 188
11001 Bilinmeyen isim ya da servis 84 74 44
10060 Baglant1 zaman asimi 73 77 101

SSL: Basarisiz Sertifika Dogrulama 53 66 47
30 Saniyelik zaman agimi1 41 34 26
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406 Istemci Hatas1: Kabul Edilmeyen URL 34 27 26

Maksimum yeniden deneme 33 6 19
10054 Baglant1 sifirlama hatasi 24 16 26
404 Istmeci Hatasi: URL bulunamadi 19 22 11
503 Sunucu Hatasi: URL i¢in sunucu bulunamadi 17 34 28
500 Sunucu Hatast: URL i¢in Dahili Sunucu Hatast 10 18 24
405 Istemci Hatast: Izin verilmeyen URL 4 12 21

Digerleri 42 56 63

Tablo 4 incelendiginde, 403 hata kodlu yasaklanmis
baglanti sorununun en ¢ok karsilagilan hata oldugu
goriilmektedir. Bunun temel nedeninin Tablo 5° de
goriildiigii gibi sunucu bilgisayarin kullandig1 internet
baglantisinin iiniversite i¢inde kurumsal bir baglanti
olmasi sdylenebilir. Ikinci en yiiksek sayida

karsilasilan hatanin sebebi de web sitelerinin otomatik
tarama yapan tarayicilar1 engellemesi ve bu engelin
tarayict tarafindan astlamamasindan
kaynaklanmaktadir. Diger hatalarin oranlarmnin ise
taranan toplam URL sayisina gore oransal olarak makul
seviyede oldugu goriilmiistiir.

Tablo 5. 3 numarali tohum URL seti ile tiniversite i¢i ve diginda yapilan taramada elde edilen hatalar ve sayilari

Hatalh URL Sayis1

Hata Kodu Hata Universite Disi  Universite I¢i
403 Istemci Hatas1: Yasaklanmis URL 151 188
11001 Bilinmeyen isim ya da servis 28 44
10060 Baglanti zaman agimi 29 101

SSL: Basarisiz Sertifika Dogrulama 33 47
30 Saniyelik zaman agimi1 23 26
406 Istemci Hatasi: Kabul Edilmeyen URL 7 26
Maksimum yeniden deneme 7 19
10054 Baglanti sifirlama hatasi 8 26
404 Istemci Hatas1: URL bulunamad: 4 11
503 Sunucu Hatasi: URL i¢in sunucu bulunamadi 10 28
500 Sunucu Hatasi: URL ig¢in dahili Sunucu Hatasi 5 24
405 Istemci Hatasi: izin verilmeyen URL 4 21
Digerleri 40 63
Tarama isleminin yapildigi sunucu bilgisayar  Onerilen algoritma kapsam: hizli bir sekilde
iiniversite igerisinde barmndirilmakta ve bazi web  genisletmek icin alan igi, alanlar arasi ve ilk rastlanan
sitelerine  (illegal,  bahis  vb.) giris izni ana sayfalara link skoru belirleyerek

bulunmamaktadir. Bundan dolay1 en basarili sonucu
veren (3) numarali tohum URL seti {iniversite disinda
O6zel bir hat ile baglanti saglanarak tarama
gergeklestirilmigtir. Baglantt  6zellikleri ve hizinin
farkliligindan dolay1 farkli siirelerde ayni sayida URL
elde edilene kadar tarama gergeklestirilmistir. Tablo 5’
de de gortildiigii gibi tiim hatalarmn iiniversite disinda
daha az oldugu goriilmiistiir.

VI. SONUC VE TARTISMA

Bu caligmada web sayfalarini taramak i¢in tohum URL
secim metodu ve tarama algoritmasi tanitilmistir.
Tohum URL’ ler, 102 farkl iilkede ziyaret¢inin giinliik
harcadig1 saat, ziyaret¢i bagina giinliik sayfa
goriintiileme say1si, aramadan gelen trafigin yiizdesi ve
toplam bagli site sayisi temel alarak siralamis toplam
5079 web site URL’lerinden segilmistir. Bu URL’ ler
icerisinden bazi 6zelliklere gore segilmis ve sirasi ile
1920, 102, 505 URL’ den olusan 3 tohum URL seti
kullanilarak sistem performansi test edilmistir.

onceliklendirmektedir. Ana sayfalarin 6nem derecesi
en ylksek oldugu igin link skorlarina 1 degeri
atanmaktadir. Bunun disinda link skoru
hesaplanmasinda farkli deger araliklar1 ile testler
yapilmistir. En uygun deger araliginin alan igi URL’
lerde (LSmin) 0 - 0.5 ve alanlar aras1 URL’ lerde
(LSmax) 0.5 - 1 araliginda oldugu goriilmiistiir.
Algoritmanin 3 farkli tohum URL seti kullanilarak 3
saatlik taramalar sonucunda elde ettigi taranan URL
sayisl, taranan ana sayfa sayisi ve hatali URL sayilari
incelenmistir. Onerilen algoritma, daha énce Baker ve
Akcayol tarafindan yapilan ¢aligmada kullanilan
algoritma ile karsilastirilmigtir. Onerilen algoritma hem
yeni sayfalar1 ve bu sayfalardaki URL’ leri elde edip
link skorlar1 atayarak oncelikli kuyruga eklemekte,
hem de alan i¢i dongilerden etkili bir sekilde
kagmmmaktadir. Yapilan deneysel c¢aligmalara gore
Onerilen algoritma kapsami genisletme, yinelenen
URL’ ler ve alan i¢i dongiilerden kaginma konusunda
daha iyi bir performans gostermektedir.
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Ayrica kapsamin diinya genelindeki bdlgesel
dagilimlart incelenmis ve taramalar sonucunda elde
edilen ana sayfalarin iilkelere gore dagilimlar
kargilagtirilmistir. Elde edilen URL’ lerin iilkelere gore
dagilimlart  incelendiginde, genellikle  gelismis
iilkelerde yogunlagtigi goriilmiistiir. Bunlara ek olarak
3 tohum URL seti i¢in, taramalar sirasinda meydana
gelen hatalar, hata sayilar1 ve hata igerikleri incelenmis
ve analiz edilmistir.
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