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INTRODUCTION

Dear Distinguished Delegate,

Thesecond edition of theternational Conference on Advances and Innovations in Engineering (ICAIE)
was held between223 Sept ember 2023 at Férat University

International Conference on Advances and InnovatiolEhgineerirg is an internationacientific forum

of distinguished scholars engaged in scientdicgineering and technologia&search, dedicated to the
furtherance of science, enginewriand technology. The academaésearch conference since its inception
is at the cutting edge of international nonprofit scientifezygineering and technological progress to

promoting excellence in science.

The conference plays an influential role in sceeand promotes developmentsarence, engineering and
technology in a wde range of ways. The conference atmdosterresearch in the area of science and
technology and its impatd mainstream human activitie€Specifically, it serves as a venue for discussions

and exchang of ideas in current issuessoience and technag.

All full paper and abstract submissions to tlemference are peer reviewed aefereed and evaluated
based on originality, research cortteand correctness, relevancectintributions, and readability. In this
content the full paper and abstract sugsons arechosen based on technical merit, interest, applicability
and row well they fit a coherent arfhlanced technical program. The accepted papers afteougpeer
reviewing process haveeen published in the refereed international conferermmepdings

Chair of ICAIE Committee
Prof. Ebru AKPINAR
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Abstract

In this study, a compilation and analysis of Physical Unclonable Functions (PUFsg¢seatpd. PUFs play an important role

in various applications in the field of information security, such as secure key generation and identity authentication. PUF:
provide a unique set of features based on physical properties that are primarily usedvasel@hponents. Particularly, due

to their ability to generate unique output bits specific to the physical hardware they operate on and their unclon&bikire PU
frequently used in authentication mechanisms that employ cryptographic protocols. dheadtiresses different PUF
architectures based on various design principles, their implementation forms, security vulnerabilities, and advantages agair
advanced cryptographic attacks. In addition to fundamental design paradigms, the study also paleicike®ey information

about the cryptographic purposes and statistical verification methods of PUFs. The aim of the study is to contribute to th
development of protocols aimed at enhancing electronic design security by focusing on the current dtfitusafridlogies

and their future potential in terms of information security. Furthermore, we believe that understanding the potential of PUF
technologies will guide security researchers and application developers. In light of technological advancenfents, PU
technologies will play a significant role in the development of effective cryptographic solutions against advanced attacks, b

in terms of quantity and effectiveness, for information security.

Keywords: cryptographic protocols, electronic design saguimformation security, physical unclonable functions (PUFs)

1. Introduction

In today's world, a significant and crucial portion of information is constituted by messages and data transmitted ove
publicly accessible digital networks. The transferttodse data, which are central to communication, via these
networks brings forth the necessity of ensuring their absolute protection due to potential security issues that may ari
during transmission. Cryptographic methods, employed to ensure the seCaatgmunication between recipients

and senders, play a significanle in information securitj/l].

Modern cryptographic protocols can be implemented on various integrated circuit devices skdid-as
Programmable Gate ArraysPGA9, ApplicationSpeific Integrated Circuit§ASICs), Digital Signal Processors
(DSP3, and others. While these protocols provide a secure computation enclave and easy implementatio
capabilities, the security of integrated circuits has become a significant issue due tofdrigiation security
requirements. Authentication, identification, and key generation are crucial security risks associated with integrate
devices. Therefore, the confidentiality of a stored key on an integrated circuit, without proper protectioot does n
ensure an adequate level of cryptographic security against attackers. Moreover, ensuring the security of a k
throughout the usage lifespan of an integrated circuit is not trivial without specialized protection. For instance, eve
if a key stored in nevolatile memory (NVM) without specialized protection is physically assigned to a unique key
entity, it remains vulnerable to copying. The continuous presence of such critical information within the system
occasionally creates security vulnerabilitiesrtRermore, the generation and distribution of keys are also highly

1Corresponding author



critical for system security. Hence, for device security, processes such as authentication and key generation shol
encompass the creation and identification of unique IDs for embeddieg gj@v2].

Due to their advantages such as resistance to physical attacks, low cost, and resistance t\dfshiznge emerged

as a prominent alternative security approach. PUFs can be utilized for generating secure identification informatio
by prodicing environmenspecific values and being inherently roopyable. Unlike keys, PUFs are not assigned
from an external source; instead, they are intrinsic to the PUF itself. During production, PUFs can generate uniqt
identification information by utilimg actual random variations present on the device. While these variations, which
are attempted to be minimized during the production of integrated circuits, might be measurable, creating a physic
copy of them remains infeasible. This is because itnsidered impossible to fully control micro and neoale
manufacturing variations. Easily obtainable yet difficult to predict, this identification information also represents a
unique signature or biometric data akin to a fingerprint of the integratéced®y utilizing these functions capable

of generating hardwargpecific outputs, robust authorization protocols can be established, potentially providing
solutions to the challenges of key generation and st¢8hge

Due to the distinctive physical dmteristics of circuits, it is impossible for the devapecific identification

information generated by a PUF to belong to a different IC or to be reproduced by an &aftaekeldFs produce
output responses by mEging challenge inputs the form of(challengeresponse), as illustrated in Fig. Thus,

during the characterization of these functiorisallengeresponsere used together. The challerigaypically an

externally applied stimulus to the circuit, while the response is the corresponding-sfEecific identification

information gener&d in reaction to this stimulyg-4].

Challenge, C —l

- >
PUF1 PUF2 PUF3 PUF4
P |
R1 R2 R3 R4

Figure 1. Functional description of PUFs

PUFs are utilized in various domains requiring security, such as intellectual property prdgtBgtianthentication,

chip tracking, personal data and private communication security, Radio Frequency Identification (RFID) technology
and the Internet of Things (loT). In the literature, numerous PUF architectures have been proposed for these purpos
employing different design paradigms.

Singh et al[5] proposed a novel PUF design using a thngeit arbiterbased approach. Initially, they designed a
priority arbiter using a simple arbiter, twol2multiplexers, and aexclusiveOR (XOR) gate. Through their
conducted tests and the application of error correction technigues, they demonstrated gchieningiability and

T @ o lminiquenesdn anotherstudy, Wisiol and Pirnajf] reveaéd that XOR Arbiter PUFs with an even number
of arbiter chains exhibit inherently biased responses, even when all arbiter chains are perfectly Sithiteadi

et al.[7] employed arbiter PUFs for runtime secusy lgeneration. They implemented their design on an Artix
FPGA and measured a reliability level ©f¢ Rising error correction mechanisnt$azari et al[8] analyzed the
vulnerability of the YOR Rardom Output PUF (ROPURP machine learning attacksh@y examined the XOR
Inverter ROPUF trained with different machine learning models using the ChaRaspense Pairs (CRPs) data.
According to their analysis, Artificial Neural Network models were able to train on-iK@&ter based PUF CRPs
with nearlyww Ptraining accuracy and predict aroupdd p f the CRPsAlsulami and Niamaf9] conducted a
performance analysis of an ANDverter based R®UF. They determined that asBage ANDInverter ROPUF
exhibited higher uniqueness® Pand ideal bit mismatch 1t Pates. On the other hand, sfage ANDInverter
RO-PUF achieved the best homogeneitgt X Rnd ideal bit mismatch 1t walues.Chauhan et a[10] introduced

a study involving a R&PURbasd Random Number Generator (RNG) desigh nam&DEPUF. Their proposed
C-RO-PUF design comprises a cascaded-RR@F design using Linear Feedback Shift Register (LFSR). They
demonstrated that the suggesteBRQG-PUF design exhibits reliabilitgnhancing feates by increasing the number



of CRPs In their study, Aung et a[11] investigated the use &tatic Random Access Memor$RAM) PUFs for

the security of 10T devices. Using the data remanence method, they derivedia9RABM PUF from initially 512

bit SRAM values. They measured an error raketgf{ x p 1T and a staility rate of w @  tfor the derived SRAM

PUF. Shifman et al[12] have proposed a more reliable SRAM PUF in their study. Tingested PUF was
manufactured using the TSMLCu & daprocess and is more reliable compared to previgmeration SRAM PUFs.

In these PUF arrays, a new fmelection test was conducted, demonstrating its effectivenesdarvimating all
unstable cellg 1 qu E8Silverio et al[13] presented a lowost and seratompact 12&it key encryption optical
system by combining a PUF identifier used in optical authdrdicavith the use of an organinorganic hybrid
structure. They utilized identity verification decisions based on Hamming distances to determine threshold values fc
optimal decryption and highlighted it as a promising approach for secure and robuptiengystemsLee et al.

[14] proposed optical authentication for sqirbit torque (SOT) devices. They emphasized the potential of SOT
devices for secure key generation due to their durability and high repeatability. They presented a simple optic:
method based on magnaiptical Kerr effect to authenticate the suggested SOT PUF device, and calculated its
reliability asw @@ p8to b

In this reviewinformative insights and eltations regarding the types of PU#&sd their application methods on
reconfigurable integrated cirits such as FGAs and ASICs. Within this study, elucidation is given to the
fundamental randomness processes of each PUF architecture, as well as their design methodologies, cryptogray
purposes including key management, authentication, and desigitysdeurthermore, acomparative analysis is
presented, covering both the cryptographic utility purposes and potential vulnerabilities, along with possible attac
and defense strategies related to these weaknesses. The primary objective of this stethbigstoaefoundational
comprehension of essential concepts and principles concerning PUF design for the readers, aiming to facilitate ths
understanding. This aspect will also assist readers in accurately comprehending future academic endeavors ¢
potertial contributions in the field of PUF, thereby fostering a more comprehensive understanding of the literature.

The remaining sections of the study are organized as follows: The second section provides explanatory informatic
about typical PUF architectess and their application areas. In the third section, the cryptographic purposes of PUFs
are addressed. The fourth section delves into attack and defense strategies concerning PUFs, along with secu
risks. Concluding with the summary of the study, thalfsection encapsulates the outcomes while also incorporating
prospects for future research endeavors.

2. Typical PUF Methodologies and Basic Areas of Usage

PUFs hardwarebased security mechanisms used in applications such as secure identity catibierdnd key
generation. This technology relies on the unique characteristics of the physical world to enable differentiatior
between any two objects, forming an irreproducible andraphicable foundation. PUFs operate by creating a
"challenging questin” based on these distinctive features. Each PUF instance generates an output value derived fro
the unique attributes of a physical object, which is exclusive to that object alone. This output value reflects a statistic
aspect of the physical objedisecific attribute, making it impossible for any other object to produce the same output.
Similarity between PUF responses is measured by Hamming Disfielije The Hamming distance is used to
quantify the similarity between PUF responses. For two binectovs of equal length, the HD is calculated as the
number of changes needed to transform one vector into the other. The calculation involves performing XOR operatic
on the bits of the vectors:

7o Bp o048 of (1)

where in this contexd & represents thé bit of vectord.

PUFs can come in various types based on design principles and physical atfitnitestance, among the physical
attributes, there can be electrical, optical, agmetic characteristics. These attributes ensure that each object
possesses a unique PUF instafdee primary purpose of PUFs is to provide reliable identity authentication and
secure key generation by producing distinct output valBek:s mitigate theisk of security vulnerabilities by
preventing counterfeit identities and copied keys. Furthermore, they serve as a decentralized identity verificatio
method, ensuring secure communication and data transfer.



The equation representing the basic operatiandirbiter PUF is as follows:

i WBr (2)

Here:

Y, represents the output of the PUF (response).

The function™Qillustrates the internal operation of the Arbiter PUF. This function represents the comparison of
external bit paths determined by the input challen@e.

2.1 Ring Oscillator Based PURRO-PUF)

RO-PUFis a silicon PUF that generates a response based on the frequencies of digital ring oscillators on the chi
As the precise frequency of such dstdrs is significantly affected by process variations, their exact measurement
will contain unpredictable and devispecific information. The initial concept of ROPUF was proposed by Gassend
and colleaguefl5], and it relies on a single reconfigurable oscillator foundation.

An RO-PUF consists of a series of ring oscillators, each compufsedingle number of inverters, forming a closed
loop. The oscillation frequency of the RO is approximately calculated as follows:

B -t-siabVo, (3)

Heregs 5 gapsesents the number of stages in the ROfands the nominal time delay of each inverter. The total
delay in an RO loop should also include tietays caused by the paths connecting the active devices to each other.
Therefore, two ROs with the same number of stages and the same configuration should have the same character
frequency. However, the variability in the production processeSoofidementary MetalOxide-Semiconductor
(CMOY9) integrated circuits leads each RO to have a unique operating frequency. This enables the individue
identification of different instances of the circuit. Typically, an inverter in the chain is replaced nGthAAID

(NAND) gate to enable or disable the oscillatjib6]. The RO structure ian ROPUF is depicted in Fi.

enable Jro

Do

Figure 2. Structure of one RO in an RBPUF

2.2 Arbiter PUF

Arbiter PUFwere initially introduced in the articl¢$7-18]. These functions consist €ktages, such as multiplexers

for instance. Two electrical signals compete simultaneously and in parallel through these stages. Precise paths
determined byQexternal bitso 8 & applied to the stages, where febit is applied tolie stage. After the final
stage, a memory cell called an "arbiter element" determines whether the upper or lower signal arrived first an
produces a corresponding output of zero or one. The external bits are generally considered as thebcbiilesge
PUF,s0d & 8 &b, and the output of the arbiter element is interpreted as the resphas&rbiter PURstructure

is depicted in Fig3.
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Figure 3. Arbiter PUF

2.3 Static Random Access MemorySRAM) PUF

As the namasuggests, the stable structure of two consecutive inverters is utilized to increase the trip point difference
with an equal probability of logical statesmieee BReevious SRAM PUFs used the powugr state ofp” YSRAM

cells, while some recent worksdetl specialized pullp/pulFdown transistors to allow multiple evaluations of cells
without the need to toggle the entire supply for each evaluation. An example of suchesmnentation is shown in

Fig. 4. Prior to evaluation, when tR® &signal is bw, the internal nodes are heldsaéanda Gat thew Q ©vel,
preventing the cell's accessrsistor from conducting. Onc® € is activated, the access transistor becomes
conductive, anddad @@ Gabegins to discharge towardsQXe. Themismatchinduced trip point difference between

the two inverters is amplified by a positive feedback loop, causing the cell to approach a state where one intern
node ise Tard the other is2ed18]. The SRAMbased PUF cell is illustrated ing-4.

En 4,——||7<1

Figure 4. SRAM-based PUF cell

2.4. Optical PUF

A precursor to PUFs based on utilizing unclonable physical irregularities is referred to as the Unique Object (UNO)
During the Cold War era, for instance, a thin layer of hgtfilecting particle was sprayed onto the surface of nuclear
weapons, forming a structure where particles were randomly distributed. Consequently, the interference pattern tr
emerges after illumination becomes unique and unpredictable based on the viewing angle. Aereantigghknown

PUFs, the optical PUF stands out as a physicallywamefunction. The goal here was to create awag function

using physical methods rather than number theory. Particularly, when illuminated at a specific angle, a comple
interferencebased twadimensional dot pattern is generated within a heterogeneous transparent plastic token, ant
this pattern is recorded using a hicgpacity device camerl Fig. 53 a photography of the PUF token is shown
with its respective sample holder that videalized to block most of the external light sources, having only a small
orifice for the laser to illuminate the sample. Moreowerkig. 5hh an example image of the speckle produced is
shown where it is noticeable the granular profile of the pafied} [2].
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Figure 5. Photography of a) organiaorganic hybrid, and its respective sample holdsed as a PUF device and b) the speckle
pattern produced upon the laser incidence on the token.

Cryptographic Applications of PUFs

PUFsplay a significant role in cryptographic protocols within the field of information security. The unique attributes
of PUFs can be harnessed for secure identity authentication, key generation, and other cryptographic applications.
this section, the cryptographic purposes of PUFs will be discussed in detail.

3.1 Secure Key Generation

When used for secure key generatithe output values derived from the unique attributes of each object in PUFs
can serve as strong and unpredictable cryptographic keys. This simplifies key management systems and prevents
physical copying of keydJnlike traditional key generation nietds, where keys might be generated algorithmically

or stored centrally, PUFs harness the individual characteristics of each device. This uniqueness greatly enhanc
security, as it renders keys virtually impossible to predict or replicate.

3.2 Identity Verification and Authorization

PUFs are employed in identity verification mechanisms, enabling users to securely prove their identities by utilizing
the unique attributes of their physical objects. This helps prevent the use of counterfeit identitiesusmotinad
access attemptin the realm of identity verification and authorizatiGiJFspresent a stark contrast to traditional
methods. While conventional approaches often rely on passwords, PINs, or knedsddeauthentication, PUFs
harness the inment physical uniqueness of electronic components to provide a new level of security. Traditional
methods are susceptible to various attacks, including brute force, password cracking, and phishing, while PUF
bolster security, making it exceptionally clesfjing for attackers to impersonate legitimate ugdu$:s strengthen
Two-Factor Authentication (2FA) with hardware tokens, increasing the effectiveness of online account protection
Furthermore, they play a pivotal role in decentralized identity systemppwering users with sedbvereign,
privacy-preserving identities while reducing the dependence on centralized authorities.

3.3 Usage in Cryptographic Protocols

PUFs can be utilized to enhance the security of cryptographic protbtdie realm of grptographic protocols,

PUFs have emerged as a versatile and robust tool with humerous applications. These innovative devices fil
application in various critical aspects of cryptographic security, includigggenerationwhere PUFs leverage the
unique plysical characteristics of individual chips or hardware to generate cryptographic keys that are inherently
resistant to cloning or replication. PUFs also play a pivotal robuthenticatiorby providing a secure means to
verify the authenticity of devicear users, ensuring that only authorized entities gain access. Additionally, PUFs
contribute significantly talata encryptionenhancing the security of data by generating and managing encryption
keys in a manner that is highly resistant to tampering autlnorized access. Thereby bolstering the overall security

of cryptographic protocols in a wide range of applications.

When employed in cryptographic protocols, PUF technology can enhance habédseadesecurity. Thanks to their
unique and unclonable atutes, PUFs can effectively contribute to areas such as key management, identity
verification, and secure communication. Tabldemonstrates how PUF technology can be integrated into various
cryptographic protocols and the security domains in whichiteautilized.



Table 1. Integration ofcryptographicprotocols with PUFs

Cryptographic Protocol

PUF Integration

Purpose and Usage Areas

Security Contribution

Key Generation
Authentication

Data Encryption
Message Verification
Token Based Security

Distributed Key Management

Powerful key generation from

PUF

PUFbased authentication

Encryption key generation witk

PUF

Digital signature verification

with PUF

PUFbased secure

authentication

Secure Key Distribution with

PUF

Encryption, Authentication

Key Security

Secure Sessions over the

Internet, Physical Access

Identity Security, Authorization

Control

Multi-Factor Authentication,
Data Access Control

Data Security, Privacy

Data Integrity, Authorization

Multi-Device Key Sharing

Data Encryption Security

Message Integrity and
Authentication

Identity and Data Security

Key Security and Distribution

PUF Security and Defense Against Attacks

ThePUFstands out as a significant component of modern information se®idEyis a security mechanism based

on generatig random and unique keys through the measurement of unique physical attributes in electronic device:
Thanks to these distinctive characteristics, PUFs are utilized in a range of applications, from device authentication
encryption key generation. Howeyé's crucial to remember that PUFs are inherently sensitive and require defense
against various attacks. PUF security aims to prevent attackers from modeling, emulating, or manipulating PU

responses. In this context, different strategies and defepseaahes have been developed to enhance security.

Table 2summarizes some important works in PUF security and defense against afteedes.works include
innovative methods developed to enhance PUF security and resist various attack types. The imfarthatiable

reflects a broad spectrum of research in PUF security, aiding our understanding of advancements in this field.

This table presents only a snapshot of PUF security and defense against attacks research. In the future,
development of new msttegies and defense mechanisms in the battle between more complex and robust PUI
technologies and more sophisticated attack methods will continue to be a crucial step in the field of informatior

security.

Table 2. PUFsecurity and defense against attaskslies

Title of Study Purpose

Type of PUF Used

Attack Types

Defense Approaches Results

Transfer learning
in modeling attacks
on physical
unclonable
functions (PUFs)

Efficient Transfer
Learning on Modeling
Physical Unclonable
Functiong20]

Physical Unclonable
Fundions-based Linear
Encryption against Code

Reuse Attack§21]

Defend against
code reuse attacks
(CRA)

Defending against mode
extraction attacks with
physical unclonable

function[22]

To protect DNN
models from being
stolen by attackers

Introducing fault
injection via
remanence decay
for memorybased
PUFs norinvasive
exploitation.

On the Effectiveness of

the Remanence Decay

SideChannel to Clone

Memory-Based PUFs
[23]

Initial tamper tsts of
novel tampeiindicating
optical physical
unclonable functions

[24]

To test theamper
indicating ability
of OpticalPUFs

Arbiter PUF

Silicon physical
unclonable
functions (PUF)

Arbiter PUF

Memory-based
PUFs

Opticd physical
unclonable
functions

Modeling attacks
machine learning
model

Code reuse attacks
(CRA)

Black-box model
extraction attacks,
Known plaintext
attacks

Differential
template attacks or
PUFenabled
cryptographic
devices,

Data remanence
experimentbased
attacks.

Mechanical,
thermal, and
chemical attacks

XOR-based lightwejht

The study
demonstrates the
effectiveness of
transfer learning in
modeling attacks on
PUFs

Protection against
malicious code
injection type attacks
with low hardware
and increased uptime

Transfer learning
techniques

PUFbased key
generation and
management with an

linear encryption
architecture (LEA)
Training a
corresponding PB
model at the service
provider side

Attacker's ability to
extract an effective
model is limited

Showing attack
feasibility via
experimental

validation; noting
setup limitations,

Controlling the
remanence decay in th
SRAM.
Using accurate

equipment for precise proposing
control of remanence performance
decay. enhancing
improvements.

The material/method
showed robust
tamperindicating
ability.

Wavefron-shaping
controlled reflection




4. Conclusiors

PUFsplay a significant role in fields such as reliable identity authentication, key generation, and hardware security
with expectations for funer growth and development in the future. The future potential of PUF technology is quite
exciting, offering various possibilities in different areas. Some of theseiachade thdoT, Biometric and Medical
Applications, Data Security and Encryptiondafspplication and Hardware Securiffhis reviewand analysis on

PUFs have addressed the role of PUF technology in critical areas like secure identity authentication, key generatic
and hardware security. PUFs have the potential to provide reliabilitgeanutity by utilizing the unique attributes

of physical objects.

In today's world, the constantly increasing threats and attacks in information security require stronger and mor
effective security solutions. PUFs play a crucial role in addressingapiaagoss various application areas. The use

of PUF technology in secure key generation, identity verification, electronic design security, and many other field:
enables the creation of more robust and reliable systems from a security standpoint. Ticansigndf PUF
technology lies in addressing fundamental security concerns like reliability, authenticity, and protection agains
counterfeiting. PUFs are particularly important in critical areas such as secure data transmission, identit
authentication, rad hardware security in today's rapidly evolving digital age.

In conclusion, the potential and future role of PUF technology are promising. The aim of this study is to explain the
fundamental principles of PUF technology, its design architectures, crgptog application areas, and security
potential, while raising awareness in this field. Expanding the reliability and application areas of PUF technology
will be a crucial step in providing more effective and robust solutions against future securéngésl|
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Abstract

Increasing use of social andyial media and facilitating data sharing make it very easy to access users' voices, videos and images
Deepfake technology is a technology used to produce fake images or sounds from real images or sounds with deep leioihg and a
intelligence techiques. Deepfake technology can produce fake videos or images by learning from large amounts of data with artificia
neural networks. Today, it is used in the entertainment, games and film industry, but it is also used in situationsesticiy as ¢
malicious fake news and discrediting individuals. In order not to encounter these situations in the literature, studies havedeen c
out to detect deepfake images and videos. In this study, real and fake images were collected manually from differentviti¢aset

with a comprehensive literature search, labeling was performed, and a data set was made by applying the necessangstepsocessi
With the created data set, YOLO technology, which can detect objects in images quickly and with highlacuosiegyonvolutional

Neural Networks, is used. Contrary to traditional detection methods, a training was conducted with the YOLOv3 versicem which
handle all operations as a single regression problem by calculating class probabilities, and ting pnociesis was explained. In order

to validate the designed model, the performance of the model was tested using different images. As a result of toeldébthsta m

can detect fake images produced with deepfake technology with an accuracy ratevaisSastained.

Keywords: convolutional neural networkdeepfake image detection, deep learning, yolov3

1. Introduction

Today, the increase in the use of the internet environment and the increase in the use of social media and digi
media by the usensave made it very simple to access the personal information, videos and images of the users il
these environments. As a result, the opportunity to use these images has become quite easy by gaining access t«
personal images of government officials, iness people, celebrities and many others. Deepfakes are a widely used
technology for fabricating fake content from real images and sounds using deep learning techniques. It is frequent
used in the process of changing human faces using deep learningjaesh Deepfake images are created from
artificial neural networks that can learn with large amounts of data. Deepfake images produced using deepfal
technology allow a new image to be created as a result of using a person's face on another bodys BeefiHk&e
media content created using artificial intelligence to make fake news agendas, fake agendas in the policy area,
personal attacks. If deepfakes are used for malicious purposes, they can damage the reputation of individuals
sabotaging persahdata security. Since there is no law to ban deepfakes today, detection of deepfakes is an importa
element in separating and securing real images and fake image data. Convolutional Neural Networks have startec
be preferred especially in studies @atifl manipulation in deepfake images. Karras et al proposed a Contested
generative network model called StyleGAN to generate images of faces that never existed before [1]. In yet anoth

1Corresponding author



study, Zhu et al. proposed a GAldsed face swapping method based aenerative adversarial network called
CycleGAN [2]. Choi et al. have proposed a technique called StarGAN that can be used to change some characterist
of a face such as hair or skin color, gender, age, wearing glasses, and so on[3]. Thies etaaghradective
competitor networlbased technique called Face2Face to manipulate facial expressions of people in images [4]. Witl
the widespread use of creating such fake images and thestaxigedevelopment of deepfake technology, the
methods used to detteimages created using this technology have also begun to be developed. For the detection ¢
deepfake images, models were trained using datasets and with the created models, certain signs and anomalies \
tried to be detected in order to distinguishefakages from real images. Deepfake Detection technology is used to
detect fake images or videos. Deepfake Detection is the process of identifying deepfake content developed for use
detecting fake or modified media content using deep learning techaigdiestificial intelligence. There are different
studies in the literature on the detection of deepfake images. An open source online platform that can integra
Deepfake detection methods called DeepFakeeter has been created by Yuezun Li et al.[Serns using this
platform choose one of the methods that can upload any video that meets the requirement of not exceeding 50 |
file size and use it based on the advanced Inception modules, which is one of the deepfake detection methods offe
by the systm. These methods are Mesolnception4 [6], FWA [7]-MAP, Xceptionc23, ClassNSeg [8], Capsule

[9], DSPFWA, CNNDetection [10] Upconv [11], WM, Selim methods. After the uploaded video passes through
Docker containers, the faces in the video are extrasfégt). the received images go through various preprocessing
steps, it is indicated whether the face is fake or not. Sara Concas et al. aimed to design a deepfake detector the
resistant to background and image size variability, which can properly detgts that have been resized and
compressed [12]. While performing this operation, firstly OpenForensics dataset [13] divided the input data into 8x¢
blocks and processed them with Discrete Cosine Transform. When they tested the CNN architecturgtieely desi
they achieved 99.2% accuracy. Ashifur Rahman et al. have trained a Convolutional neural network that detec
deepfakes in lowesolution and shoterm video data in the Kaggle Deepfake Detection Challenge (DFDC) and
Face Forensics++ datasets [14% A&result of the training, they obtained an accuracy value of 94.93% in detecting
fake videos for the DFDC dataset, while they obtained an accuracy value of 93.2% for the FaceForensics++ Datas
Shan Jia et al. created a new dataset from DeepFakesiffétert models at the top. In this set, they created five
valid categories for Deepfake videos using Facewap[20] software and Autoencoder models with examples in encod
decoder, middleware and input data. Over 70% accuracy got in identifying higly d2edipfakes by designing
DMA-STA, a simple and effective Deepfakes modehotd method based on spatial and temporal attention, and
evaluated on the DFDM dataset[16]. In these study, a model training was carried out, which is used to determir
whether you deepfake viewing is real or fake.

A deep learning and deepfake image detection

In the literature, different deep learning methods have been used for detecting deepfake images and videos within 1
scope of these studies. Deep learning is a subsetabfimealearning that uses classification operations and learning
methods to represent data in specific formats. The basis of deep learning is based on creating a model capable
predicting outputs using artificial intelligence with a data set as inputleWlassifying with deep learning, the
preprocessing steps significantly strengthen the inputs and irrelevant variations are suppressed significantly [18
Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), Deep Belief Network, Deep Bofizm
Machine and Deep AutBncoder techniques are used in deep learning. Convolutional Neural Networks have
achieved great success in areas such as image processing, object detection, face recognition, and video analysis |
It is a neural network that ntains one or more convolutional layers, subsampling layers and standarthyeudi

in Convolutional Neural Networks. Although neural networks are not a new technology, they are based or
Alexnet[20] and Imagenet[21] technologies used in the classificafitargescale data. In the working principle of
Convolutional Neural Networks, there is a structure consisting of layers that can automatically extract and represe
the complex features of the data. YOLO is a technology for taking the entire imageeaard estimating the
bounding box coordinates and class probabilities. The training process of YOLO technology ensures that it has
better generalization ability in general, as it is created using a large dataset. In addition, it can achieve lbetter resu
as it offers users the opportunity to use various data augmentation techniques. In this study, YOLOv3 technoloc
using Convolutional Neural Networks was used. YOLOv3 consists of 106 layers in total[22]. The YOLOv3
architecture consists of 3 differeaykrs. This architecture is shown in Figure 1.

11



Darknet-53

m "f'. 44

. Concatenation

. ] Scale 1
. Addition 82 Stride 32 N
&

- Residual Block 7
Detection Layer : Scale 2
e Pet E 94 Stride 16
- Upsampling Layer J

® Further Layers Scale 3

106 Stride 8

YOLO v3 network Architecture

Figure 1. Architecture of YOLOvV3 [22]

YOLOv3, three different estimation scales are used when estimating. The detection layer is used to detect featu
maps of three different dimensions, consisting ofl&2,and 8 steps, respectively. The deepfake images included in
the dataset used in the study were resized to 416 x 416. In order to train the model quickly and with high accurac
the training process was carried out using YOLOvV3 technology.

2. ProposedMethod

Deepfake is a technology that uses a person's face to be mounted on another person's body to obtain a different im
Internet users first encountered the images produced by this technology in 2017. The first studies to produc
deepfakes occurrad 2014 by training the Artificial Neural Networks (GAN) with very large data sets. Deepfakes,

a type of artificial media that uses artificial intelligence to transform a person's image into a manipulated photo o
video, can make people appear to be sagirdping things they're not actually doing. Research reports state that the
images, sounds or videos produced with this technology can be used to facilitate crime in the coming years. With|
the scope of preventing these events from occurring, a studgawasd out to detect the images produced by
deepfake in this study. The original images of the people and the fake images produced with deepfake technolo
from these original images were collected manually and turned into a dataset. The generated dadee into
training, validation and test data. The validation data was used to measure the accuracy of the model, while the t
data was used to test the model after the model was created. The operations performed are shown in the block diag
in Figure 2.

Internet Browsing And Manual Image Collection
Image Tagging Process

Pre-Processing
Auto-Orient: Applied
Resize: 416x416
Rotation: Between -10° and +10°
Brightness: Bctwe:n -25% and +25%

Dataset Creation

v
Model Training

Figure 2. Model training block diagram

12



In the block diagram in Figure 2, the process of manually displaying the dataset to create, image creatiol
preprocessing and model development is given step by step in the block diagram.

Dataset creation and preprocessing

Real and fake images produced with deepfake technology, different from the images or videos on the internet, we
collected manually in image format. The collected images were then labeled using the bounding box labeling metho
In order to enrich the collected images before transfer, automatic orientation process was applied to the existir
images. The input format of all image data was resized to 416x416 to make it ready for the training process usir
YOLOv3. Then, 10 degrees rotatiand 25% brightness adjustment were made on the images for better recognition
of each image. After the performed operations, the number of images of the data set was updated to 44100. T
clustered datasets are divided into 70% training data, 10% vatididta and 20% test data.

Modeling

The results we obtained to show the accuracy of the created data set are included in this section. In order to get be
results in the studies, the Graphics Processing Unit (GPU), which can create clear graphittee ysiogessing
resources, and the Google Colaboratory technology, which provides cloud environment support that provides
virtual storage, were used. CUDA (Compute Unified Device Architecture) technology produced by NVIDIA
company is established in JupytNotebook created in Colab environment. While creating the data set, labeling
operations were carried out with the bounding box method and Roboflow technology was used for these operatior
In order to use the YOLOv3 technology, which can perform olgjetsction using Convolutional Neural Networks
(CNN) with the created data set, a Jupyter Notebook was created in the Colaboratory cloud environment created
the Google company, and the necessary code blocks, parameter values, technologies andtfdesfewes to the

cloud environment and the training process was started.

3. Experimental Results

The accuracy of the model trained with the created data set is explained in this section. The studies were carried
in the Google Colaboratory environmewhich was created by the Google company, which provides GPU and cloud
storage to the users. Images included in the data set to be used for model training were labeled with the bounding t
method using Roboflow technology. The Training Charts obtaafted applying the necessary preprocessing steps

to the created data set are shown in Figure 3.
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Figure 3. Training graphs loss values
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The train values in the graph in Figure 3 represent the measurements of the values of the training set, althile the \
values represent the measurements of the values of the validation set. The box_loss value focuses on the measul
the loss rate that will occur after the application of the bounding box technigue used in labeling operations. Lov
values in the graph dhicate that the model has improved to generalize and the data set is better labeled. The cls_la
value shows the measure of the loss rate resulting from the classification. The decrease in the value in the gra
indicates that a better classification isi\do
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Figure 4. Training graphs metrics values

The precision value in Figure 4 shows the precision values in the given prediction of the model, while the recall valu
shows the current performance of the system. The value of mAP_0.5 in the otherngliaptes the average
sensibility value, and the value of mAP_0.5:0.95 indicates the average precision. From the results in the graph, it
seen that the modeling process was successful and a good data set was created.

Experiment study and results anadysi

In order to carry out the model training process, firstly, the necessary codes were written in the code block created
Jupyter Notebook, and Darknet technology was put into use and cloned to the cloud environment was carried ol
Darknet technology igsed to print the detection rate of the images entered into the model to be used in the detectio
of deepfake images. After the Darknet technology has been cloned, the CUDA technology offered by NVIDIA, which
we will use to perform the training, has begioaded to the cloud.
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Detection Image of the
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Figure 5. Model architecture

As seen in Figure 5, first of all, real and fake images were collected manually and turned into a data set. The necess
model files and the parameters in the files were prepared and the dass ssitared into the YOLOvV3 model for
training. After the training was carried out with YOLOv3 technology, the required directory was changed and the
weight values obtained as a result of the training were entered into the Backup file opened by ent@ongléhe

Drive account. According to the weight values obtained, the deep learning average loss value was obtained as 0.15
different images were entered into the model, and as a result of evaluating the deepfake probability, results abo
95% were obtaied.

Figure 6. The rates of detection of whether a few of the images in the dataset are fake or real.
Figure 6 shows the accuracy percentages obtained as a result of determining the probability of the image being fa

or real by entering the imagesthe dataset containing deepfake and real images into the model. In order to obtain
these values, necessary information was given to the model from the Backup file in which the weight values obtaine
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as a result of using YOLOv3 technology were recorded tlaesk ratios were printed with Darknet 53 technology.
The results show that the images in the dataset were detected with high accuracy.
Rates obtained in deep learning studies on deepfake images and videos

Many studies have been carried out in the literausing different data sets for the detection of deepfake images and
videos. In this article, a table was created showing the accuracy rates obtained from studies using deep learni
techniques and the accuracy rates obtained from other studiesiteréteile. Comparison Results With Studies In
The Literature are shown below.

Table 1. Comparison results with studies in the literature

Referanceg Dataset Methods applied to the images used in the model Accuracy
Rates
[12] OpenForensics The images were compressed by dividing into 8x8 blocks
training was carried out. 99.20%
[14] Kaggle Deepfake Detectiq Model training was performed using lewsolution videc
Challenge image data. 94.93%
[14] Face Forensics++ Model training was performed using len@solution video
image data. 93.20%
This Mixed dataset created by the| Model training was carried out with real and fake imag
Study | authors data by performing resizing and automatic orientation. 95.00%

In the first study in Table 1 the authors aimed to design a deepfake detector that is resistant to background and ime
size variability by properly detecting resized and compressed images. While performing this process, they first too
the mages in the OpenForensics data set as input data and divided them into 8x8 blocks. The obtained outputs w:
processed with the Discrete Cosine Transform. When they tested the CNN architecture they designed, they achie\
99.2% accuracy. In the seconddstun the table, the authors have trained a Convolutional Neural Network that
detects deep fakes in lergsolution and shoduration video data found in the Kaggle Deepfake Detection Challenge
(DFDC) and Face Forensics++ datasets. As a result of thimgydiirey performed, they obtained an accuracy value

of 94.93% for the DFDC dataset, while an accuracy value of 93.2% for the FaceForensics++ Dataset in detectir
fake videos. Finally, in this study, a data set was created by bringing together real ihzemdefrom different
videos and data sets on the internet and fake images obtained from these images using deepfake technology. U:
the YOLOV3 technology working with the Convolutional Neural Network (CNN) with the created data set, a model
was creatd that can detect whether the images are fake or real. This model, which was created as a result of tl
studies, was found to be 95% successful.

4. Results

The ease of sharing personal images on the Internet and the increase in digitalization hgvingessed the
opportunity for people to access their images. With the increase of these images, it is also used maliciously
manipulate the photos or videos of famous individuals, to create and spread fake news content, and to defame
blackmail politcians or government officials. For these reasons, deepfake images have become a growing concel
today. In order to prevent these situations, the techniques developed for the detection and identification of deepfa
images are also gaining importance. Aligh deepfake technology is an area with potential risks, it is possible to
reduce these risks with the development of detection and prevention methods. In this study, a method has be
developed to detect deepfake images. First, a dataset was createdaged created with different deepfake
techniques were added to this dataset. Then, a model is trained to detect deepfake images with YOLOV3 technolos
which uses Convolutional Neural Networks (CNN), one of the deep learning methods. The model obtaiesdlas

of the training was used to evaluate the possibility of deepfake in new images. As a result of model training an
evaluation, more than 95% successful results were obtained. This shows that it is an effective method for detectil
deepfake imagesiowever, as deepfake techniques are constantly evolving, it is of great importance to maintain a
continuous effort to update the model and recognize new deepfake methods. In future studies, it is aimed to enlar
the data set and to get better resultsitggrating new technologies into our model. In this context, different deepfake
images will be collected manually and added to the dataset in order to enlarge the dataset. Then, as a result of train
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the expanded data set in different versions of YOEEChhology, the rates obtained in these versions will be
compared. As a result of the studies, the YOLO version that gives the best result will be selected and it will b
provided to help the researchers who will work in this field.
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Abstract

One of the main areas of study in computer vision for surveillance is enaagsis. Numerous tasks are involved, such as crowd
density estimate and person counting, crowd tracking, and crowd behavior detection. Many present methods of detectio
tracking, and activity recognition, which are only relevant to sparse sceneg, plerfioom well in crowded settings due to the
enormous number of individuals gathered there with frequent and strong occlusions. The total number of people in crowde
activities or places such as concerts, celebrations, commemorations, political raflersasrstrations, sports events, public
transportation stations, shopping malls are desired to be estimated due to security and other various reasons. Itfeaa be said
case that whether the approximate number of people in a crowded demonstratiostmeethds known, it can be determined

how many security guards and security vehicles should be on duty, which roads should be closed, and what kind of traffi
arrangement should be made within the scope of the security measures to be taken. Withie thietisisopaper, the estimated
density of people in a crowded environment is desired to be obtained by means of cameras, cameras, mobile phones. For 1
purpose, deep learning models namely AlexNet and ResNet are the convolutional neural networkuegshiteed in in this

study for image classification and estimation. The results show that images with the features of different angle, color deptt
resolution and size can be processed and classified successfully with high accuracy.

Keywords: crowd couning, crowd analysis, people density, deep learning, image processing

1. Introduction

It is crucial to estimate the total number and density of people in crowded activities such as concerts, celebratior
commemorations, political rallies or demonstrasipsports events, public transportation stations, shopping malls for
various reasons. Among these reasons; video surveillance, public safety, city planning and planning for the futul
activities are the most countable. For example; if the approximateenwhpeople in a crowded demonstration on

the streets is known, it can be determined how many security guards and security vehicles should be on duty, whi
roads should be closed, and what kind of traffic arrangement should be made within the seogecofity measures

to be taken. Ensuring safety and security in environments with high human density is one of the priority issues. It i
important to know the approximate number of people in order to take adequate precautions and make arrangemer
In addition to this, benefits will be provided to the crowd gathered at the exit of an event, such as preventing ther
from waiting for a long time by sending a sufficient number of transportation vehicles such as buses and taxis, ar
taking action by the respsible persons to create new areas in case the space reserved for the people gathered in
open area for an event is not sufficient. This study will allow the knowledge of people in such places by using dee
learning aided classification methods.

The two nain categories of crowd counting techniques are supervised and unsupervised. In supervised crow
counting, the input data is predetermined and labeled, and the machine's objective function (hidden mode
determination is all that is done. Before the olyectunction is established in unsupervised crowd counting, the
machine is used to categorize and label the raw data [1]. Additionally, there are four categories of supervised crov
counting: detection, density estimation, and CNN. Clustering by coustingluded in the unsupervised category.
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The recognition structure, which used a sliding window as a sensor to identify and count the number of individual
at the scene, was the subject of a lot of the early research. Skasaiymethods train object eetors to locate and

count each individual in the crowd by determining where they are in relation to one another [2]. Monolithic-and part
based detectichased techniques are the two categories. The classifier in the monolithic approach is traineg for ever
body part. For specific bodily parts, a classifier is created using thégeat technique [3]. In order to count the
crowd, common features are derived from crowd photos, however their recognition performance is constrained i
densely populated settja. Parbased approaches are employed to count pedestrians in order to circumvent this issue
by detecting particular body parts, such as the head or shoulders [4]. While fréigisedittechniques are used to
make object detection in scenarios with highwl density easier, they are less effective in situations with extremely
high crowd densities or noisy background images. The researchers suggested using rogsessiapproaches to
count objects in order to get around this problem. After completingssign between picture characteristics and
crowd size, the regressidrased technique predicts the number of features [2]. Separating the image or video is
against the rules when counting by regression. Through a general analysis of crowd behavidatiésthe number

of crowds. Regression modeling and Hewvel feature extraction are the two components used. Edges, textures, and
gradient characteristics are examples of-level information that is encoded using the responsibilities of the two
comporents. Then, within the context of surveillance videos, these features are applied and carried out. In order 1
continue to enhance the mapping between the actual and estimated crowd sizes, the linear regression mode
constructed with the realization thfe features [5]. Utilizing observed data to estimate a probability density function
that is not observable is known as counting by density estimation. By combining the use of spatial data with th
density estimate strategy, this technique has made ibpo$s solve the congestion and clutter problem [1]. While
earlier methods dealt with diffraction and scene grouping satisfactorily, the majority of them regressive from
spherical characteristics to direct object counts, discarding any spatial inforitetianight have been there. In
contrast, later research adopted a linear mapping between local patch features and associated density maps in o
to add spatial information into the learning process. As a result, the challenging work of locating gnizirero
individual instances of object was avoided, and a novel method for estimating image density was developed [6]. Th
method's integral over every image region provides the number of objects in that region. Cluster counting is
different method of @unting. According to the presumption that visual characteristics and particular ranges of motion
are homogeneous, counting by clustering divides similar features into various categories [1]. Image clustering i
defined by input picture clustering, alsdemed to as image segmentation, which transforms the image into a
meaningful format and makes it simpler to analyze by segmenting the digital image into a set of pixels or a serie
also referred to as suppixels [7].

Recent studies have placed a greatmphasis on deep learning approaches, particularly-Gaddd algorithms
because of their performance and resilience, as opposed to earlier studies that concentrated on heuristic models, ¢
as detection, regression, and clustetiaged methods. Resuitglicate that while CNN models are more effective

in packed datasets, heuristic models perform better in sparse datasets [8]. Today, Convolutional Neural Networl
(CNN), a special kind of muHayer perceptron (MLP), are frequently utilized because pneguce the best results

in the field of computer vision. CNN was developed by mimicking the human visual system. They are employed ir
the solving of prediction issues, object recognition, categorization, tracking, and semantic parsing in natural languag
processing [9]. The fundamental idea is to scan the content from left to right or top to bottom in order to grasp th
many properties of the examined image, and then to combine the different local features scanned to classify. T!
convolutional layer, thpooling layer, and the fully connected layer are the three layers that make up a CNN [8]. The
convolutional layer's main function is to apply filters to identify features in the input image and produce several
feature maps to aid in identifying or clas#ify it. A linear function ReLU activation is used to convert the negative
pixel values in the feature map to zero values after each convolution process. The output feature map produced
the convolution is sent to the pooling layer. The objective isdatera specific function, such as max pooling, to
reduce complexity for more layers. To produce the final classification result, every neuron in the previous layer i
connected to every neuron in the following layer in the completely connected layer.

In this study, the crowd density classification is applied to crovieinted images by using AlexNet and Resblet

deep learning models. Also, by applying learriate optimization the training and validation loss are minimized for
the current dataset.
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2. Dataset Description

In this study, a randomized dataset containing 4 classes is generated by authors or using online search portals
image repositories. Some crowd images are obtained by means of @oagés are some are obtained by online
datasets [Q], [11]. These generated crowd dataset images have different sizes, resolutions and color depths and we
used in this state without any normalization process. The classes are named as CL1, CL2, CL3 and CL4 f
corresponding people density of maximum,\amedium, belowmedium and minimum, respectively. This dataset
contains 160 training, 40 validation and 40 test images. Some random images for each class are given in Figure 1

Figure 1. Exemplary dataset images for eactsslga) CL1, (b) CL2, (c) CL3, (d) CL4
3. Deep Learning Algorithms and Methods

In this study, the CNNs are employed and used to achieve successful classification for crowd image density. A gene
CNN architecture is given in Figure 2.

Input Layer

—_———

Output Layer
Convolution Pooling Convolution Pooling

Layer Layer Layer Layer Fully Connected
Layer

Figure 2. A general CNN architecture [6]

Deep learningbased classification techniques, AlexNet and Re$§Redrchitectures are used. In this paper, it is
aimed to successfully solve the categorization issue of crowded images by using these CNNs. Due to its originali
at the time, it was first introduced, AlexNet is one of the most popular models and a significant milestone in visua
recognition tasks of CNNs in image classification studies. Eight layers total in this model, five of which are
convolutional and three efhich are fully connected [12]. The most significant architectural characteristics that set
AlexNet apart from other CNNs are its overlapping pooling and Rectified Linear Unit (ReLUipeanty. AlexNet

is also a highly quick CNN to train compared ther weltkknown CNNs. The ReLU function, which offers an
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advantage over tanh in terms of training speed, is used by AlexNet in place of the tanh function, which was th
industry standard at the time. The iBnimagete data of Al
Also, another deep learning model, Resbi@tarchitecture is used. Various ResNet models are proposed in 2015
[13], implementing the concept of residual learning into CNNs. The most significant and distinctive aspects of ResNe
architecture are thuse of skigconnections and residual learning model for CNNSs to discard the vanishing gradient
problem. The ResN&@ 0 i nput i s used as RGB image data with 2
complexity of ResNeb0 architecture is high¢han AlexNet.

4. Results and Discussion

The findings of the suggested deep learning algorithms are presented and discussed in this section. Python 3.10.1
Tensorflow 2.10. 1, Keras 2.10.0 were usetderf owi tahl la ne
Core (TM) i-10700F processor running at 2.90 GHz, 32.0 GB of RAM, and GeForce RTX 3080 GPU. The deep
learning parameters, batch size and maximum epoch are chosen as 16 and 400, respectively.

In this study, image data augmentation i® applied to training images by using theageDataGeneratotlass of

Keras. The augmentation parameters are chosen as given in Table 1.

Table 2. Image data augmentation parameters

Parameter  Value Parameter Value
rotation_range 30 width_shift_range 0.2
horizontal_flip True height_shift_range 0.2
vertical_flip True brightness_range [0.4, 1.5]
zoom_range 0.5 shear_range 0.2

At the end of the both CNNs, a classification layer contaisgftmaxactivation function is alsodaled. The learning
rate i s chos?%ann db €lt Anifa®e, the tiainingOis performed for those minimum and maximum

|l earning rate |l imits before obt aiHtheopgtimal leaning ratsforthe a |l |
currentdataset is obtained. An example training and validation for Re&sMNatodel for minimum and maximum
learning rate values are given in Figure 3.

Model accuracy Model accuracy

) 50 100 150 200 250 300 330 400 0 50 100 150 200 250 300 350 400
Epoch Epoch

@ (b)
Figure 3. Training and validation accuracy for ResMé& model. (a)earningraé of 2,1 1(1b0 Learnt ng r a
By training the ResNeé®0 model with the optimization of learning rate, the training and validation accuracy is
obtained as seen in Figure 4 for learning gate £.0'he confusion matrix regarding to test accuria@lso given in

Figure 5. It can be seen from the graphics that the training reaches up to 97.50% while validation and test accurac
are 60% and 62.50%.
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Model accuracy Model loss
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Figure 5. Confusion matrix for test dataset for ResiS8tmodel.

After evaluating the performance of the ResBi@imodel, AlexNet model is taken into consideration and simulations
are applied. The AlexNet training andlidation process graphics are given in Figure 6 while the confusion matrix
of test image classification is given in Figure 7. By the figures, it can be concluded that AlexNet model converges t
82.50% accuracy for training and 52.50% accuracy for vatidatn addition, 72.50% accuracy for the test image
dataset is also obtained.

Model accuracy Model loss
o8] — Train —— Train
’ —— Validation 64 —— Validation
0.7
54
0.6 A
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oy i 4+
& 05 @
g “ E|
< 041 | ' 34

0.3 ' 29
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0.1 T T T T T T T T T T T T T T T T T T

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Epoch Epoch

Figure 6. Training and validation accuracy for optimal learning rat2 of 1 ¥ far @lexNet model.
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Figure 7. Confusion matrix fotest dataseor AlexNet model

5. Results

In this paper, crowd images with various quality, calepth, size, and zoom attributes are successfully identified by
applying deep learning algorithms in conjunction with the best learning rate settings. In thisesttuatg, éxtraction,
selection, and classification are carried out using thekmelivn deedearning algorithms ResN&0D and AlexNet.

The ResNeb0 and AlexNet training, test and validation accuracies very close to each other but also the validatior
and test performances are much lower than training performance. Validation and test performances for the mode
are resulted in 62.50% and 72.50% for Resbetind AlexNet respectively which are acceptable but improvable.
The main reason for having consideralolyer performance of validation and test is having various crowd images

in the dataset with no image ppeocessing. In order to increase the accuracy performance of the models,
hyperparameter optimization or image-precessing may be applied in futurgpers and researches.
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Abstract

Today, quantum computers are still in development and are an area actively studied by researchers. Although quantum comput
have hidp potential, there are significant technical difficulties and obstacles to achieving practical applications. Many researck
labs and companies are working on increasing the number of qubits, solving stability problems, and improving error correctiol
techniques, and scalability. These efforts aim at advances such as the development of more stable and reliable qubits, t
discovery of more precise control and reading techniques, and the design of more advanced algorithms. This study aims
establish a conndon between quantum computers and classical computers. To achieve this, research and work have employe
a Karnaugkbased approach. Karnaugh maps serve as highly useful tools in the analysis of complex logic circuits. Depending o
one's needs and design uegments, different logic functions can be analyzed and simplified using Karnaugh maps. In this
study, the Karnaugh mépased method is utilized to obtain the Boolean function from the state table of the Quantum circuit
generated from the RCViewer+ synsigetool. Subsequently, the obtained function is transformed into a combinational logic
circuit. As a result, an optimal combinational circuit corresponding to the quantum circuit can be obtained.

Keywords: Quantum Circuits, Karnaugh Method , Quantumg®mational Logic Circuit.
1. Introduction

Quantum computers are potentially revolutionary devices that offer a different computing paradigm from traditiona
computergl]. These computers, based on quantum mechanics, have the potential to perform some calculations fas
and more effectively than classicamputers cannot. Quantum computers are made up of basic units called quantum
bits or "qubits"[2]. Qubits have the ability to be the same in both 0 and 1 states, thanks to a phenomenon calle
superposition, unlike ordinary bits that can only takealue of O or 1. The state of superposition grants quantum
computers the capability to concurrently process vast amounts of information in parallel. The most remarkable aspe
of quantum computers is their potential to achieve a substantial speedalnirig sertain computational problems

by leveraging phenomena such as quantum parallelism and quantum entan@@mikenparticular, quantum
computers can have a significant impact on solving complex mathematical problems such as factorization. This ca
have significant consequences for deciphering and breaking cryptographic systems. But, quantum comput
development and deployment still face siigaint technical challenges. Stability, fault tolerance, data readability,
and scalability of qubits are still areas of study and improvement. In addition, the development of algorithms,
software, and hardware tools for the widespread use of quantum esssudn important step. In short, quantum
computers are devices that offer different computing power and potential than traditional computers, but still nee
development and have significant technical challenges. Their potential has the potential éohgkempact in

areas such as cryptography, optimizing, and molecular modeling. However, further research and development
required for quantum computers to become widespread.
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Literature Summary

In recent years, existing studies and articlebérliterature related to quantum technology, in general, have also been
seen in research on topics such as cost calculation, fault tolgifarazed quantum optimization. In addition, there

are many studies on reversible lofit. Reversible logic is a vital topic today and has applications as divdmse-as
power CMOS, quantum computing, nanotechnology, cryptography, optical computing, DNA computing, digital
signal processing (DSP), quantum dot cellular automata, communications, and computer graphics. There are ma
studies in the literature related teese application areas. Gaur et[@).compared the operating costs of quantum
gates in their study. Thus, they contributed to future studies on the opecsirmd common doors. In addition, 3*3

MCT and MCF gates are also explained and used in this EluidRoy et al[7] presented an implementation of a
reversible ALU (Arithnetic Logic Unit). This application demonstrates a reversible ALU that uses the MRI
(Modified Reversible Gate) gate and the HNG (Hybrid Nanometric Gate) gate to generate six logical computation
[7]. InRatheretal8], a | ow quantum cost 41 4 r ev e raes)ivdspresgniet,e
and thena-d i t reversible multiplier was designed. I n t
proposed. TKG was used in both designs. Her work has made a significant contribution[&] trsdear et al[9],
proposed a new 4*4 reversible RR (Redédller) gate. The reduced latency and quantum cost of a reversible
universal shift register using a gate was calculated. The proposed design was functionally tested and%erified
Garipelli et al[10], introduced basic reversible logic gates that can perform more complex operations using reversible
circuits designed for more complex systdi. Mia et al.[11], some reversible logic gates that can carry out more
complex operations using data and quantum computers in the design of more complex systems with reversible circu
have been studied. The article shows data on revegalds that help design complex circiit&]. Thakral et al.

[12], discussed thproposed new reversible logic gates and their quantum implementation using the RCViewer+
tool. The methods used were seen as Toffoli Networking Methodology, Quick Guide for RCViewer/RCViewer+
Tool, and Quantum Implementation of Reversible Logic GHi2s The continuation of the literature summary is
presented in Table 1 in tabular form.

Table 1.Historical development and results of studies in the literature on the synthesis of quantum reversible circuits

Scientific Study Year Dataset Method Result Synthesis Tool
Nagamaniet 2015 Vedic math techniques 4x4 Urdhva Tiryakbhayam QC: 143 RCViewer+ Decompose
al[13] Toffoli, Peres and Multiplier design CL(Ancilla): 32 Circuit Tool
Fredkin gates GO:28
UD: 341
TRLIC: 240
Misra et 2017 QCA field in QCADesigner QC:%25 RCviewer +
al.[14] nanoelectronics DC gate GC:%66
GO%50
Sultana et 2017 16 units 4 variable gates Toffoli mapping Oort QC:24,5 RCViewer+
al.[15] Reversible Comparison Ort GC:9,25
Ort TG:23,25
Misra et 2018 CNOT, NOT, CV R-CQCA QC: %36,66 RCVeiwer+
al.[16] Flipflops R-
BCD CQCA:%65.49
Thakral et 2018 Fredkin gate Quantum Applicatin of Fredkin QC: 7 RCViewer+
al.[17] Gate GC: 7
TG: 7

**T -depth: Depth of gate is a measure of how many 'layergjatfet are executed in parallehumber: total number ofdates in the quantum circuit, Qubit
cost: Qubit Cost is Total Qubits Required to [Besihe Quantum. DFT: Design for Several Testability Using the Method of Converting a Standard Circuit to
Its Testable Form, QCA: Quantum Dot Cellular Automaton, GC: Gate Count, QC: Quantum Cost, UD: Unit Delay, LC: Logicalngp@putiGarbage
Output, Ci Fixed Input, QCA: Binary Decoder, Le@ost Module, BEDesigner: 1D Codec with Binary Low Cost, BEDesigner: 1DQER:B¥nary Gray,

GB-2: Gray Binary, NGR1: New Gate = New Gate, R = Reversible, TG: TQubit Gate Number, f£QCA: Reversible Conservativeu@tum Cellular
Automaton

Motivation

Generally, combinational logic circuits are used for conventional computers and electronic devices. Quantur
circuits, on the other hand, play an important role as a potential technology of the future in thd Gelmstom
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information processing and computation. Classical circuits focus on providing deterministic affceerresults.
Quantum circuits, on the other hand, enable parallel operations and potentially faster and more efficient computatiol
using quanim properties such as superposition and aliasing. There are still significant technical challenges to th
development, and deployment of quantum circuits. At the same time, there isn't much study and research on t
connection between classical circuitddaguantum circuits. This situation provided motivation for the proposed
study.

Combinational Logic Circuits

Combinational logic circuits are electronic circuits that combine electronic components to perform a specific logical
operation. Computers, cgllhones, televisions, digital clocks, and many other electronic devices contain logic
circuits. Logic circuits perform logical operations based on two basic logical values (true and false, often denoted ¢
"1" and "0"). These operations can be expresséadjuayers of boolean algebra principles and basic expenditure
operations (such as and, or, not). Combinational logic circuits are built with a combination of basic structures know
as connectors. Logical elements produce results on behaviors, usestparsl applied to inputs "Example logical
elements encompass gates (such as AND, OR, XORY|dpg, multiplexers, and decoddds] The design and
analysis of combinational logic circuits constitute a vital subje@@ctronic engineering and computer science.
Advanced combinational logic circuits are tailored to fulfill diverse requirements like high performance, low power
consumption, and optimized functionality. These circuits serve as the fundamental buildksyfbtqerocessors,
memory units, buses, and other intricate digital systems."

2. Material

In the study, the RCViewer+ simulator and Karnaugh map were used. The Karnaugh map is preferred because
offers significant advantages in the design of smallet simpler logic circuits. In addition, the study of the
combinatorial logic circuit equivalent of the quantum circuit also provides the connection between them by using th
truth table.

Rcviewer+ Synthesis Tool

RCViewer is a simple application softwangitten in C++.TFC formafl12]. An explanation of the array indexes
given in Table 2 indicates what the codes and i nde
design of reversible circuits and parameter exiva [19].

v A,B,C,D
.i A,B,C,D
.o A,B,C,D
BEGIM

t3 A,C,D
t3 C,B,A
t3 A,B,D
t2 B,A

t2 C,B

tl B

t2 B,D

EMND
Figure 1. Example TFC File

The ".tfc' format in Figure 1 is explained below.

"A, B, C, D": Shows the list of all variables in the network.

"V A, B, C, D": Shows the list of input variables in the network.

"iA, B, C, D": Shows the list of output variablesthe network.

".0 A, B, C, D": Input constant in the network

BEGIN: Indicates the network start of the gateway.

In the lines after BEGIN, the doors are arranged according to the prescribed format.
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END: Indicates the network end of the gateway.

In electonics and computer science, "gates" are basic elements used for information processing and performing log
operations in digital logic circuits. These gates produce outputs by applying certain logical operations relative to th
inputs. Conventional digitéogic gates are used in classical circuits while quantum gates are used in quantum circuits.
The ".tfc" format of the gates in quantum circuits is shown in Table 2.

Table2.Di spl ay of dodi2s in A.tfcdo format

GATE TFC Format
NOT gate TOF(0O; a) tla
Cnot gate TOF(a;b) t2 a,b
CCNOT gate TOF(a,b;c) t3 ap,c
SWAP gate FRE(O; a, c) F2 a,b
FREDKKN gate FRE(a;b,c) F3 ab,c
V Gate W
V* Gate W)

Karnaugh Map-Based Method

Karnaugh Map is a tool used to simplify boolean algebdadgsign logic circuitR0]. It is named after the American
mathematician Mauce Karnaugh. The #nap consists of cells arranged in a grid and representing combinations of
boolean variables. The purpose of the Karnaugh Map is to express a boolean function in a simpler form. It optimize
the design of the combinatorial logic circuithese maps visually represent the "1" and "0" values of the boolean
functions. It makes it easy to find a simplified expression by grouping similar combinations. Usiagd{boolean
equations can be found in logic tables or circuit diagrams. Karnaugé anemenerally used for the analysis of
functions with 2, 3 or 4 inputs. It uses a quadrilateral map for drtpedt function, an octagonal map for a three
input function, and a hexadecimal map for a fioynut function. Each cell is associated with néigting cells on

the map. A simpler expression is obtained by combining similar neighboring cells.

The basic usage steps of Karnaugh Map are:

I. The truth table of the boolean function is created.
Il. The size of the Karnaugh Map is determined (2x2, éx@l), this size depends on the number of variables.

IV. By grouping the "1" cells in the map, their cells are combined to obtain a simplified expression.
V. The simplified expression is expressed in boolean algebra notation that represents the ooiganalftyoction.

Examples of Some Commonly Used Basic Logic Gates in the Karnaugh Map

The examples in Figure 2 show how some logic functions with different input numbers are represented by Karnauc
maps. These are just a few examples, and larger Kdrmaags can be used for functions with more inputs.
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AB 0|1

A | Exit .
NOT Function (1 input): 0] 1 NOR Funct!on @ bt
1] 0 inputs): oJ1]0
1]0]0
AB|0]|1 A\B\C|00|01]11]10
. . L e [---]--- 3-inputAND - [---- - |----
AND Function (2 inputs): 0100 Function: 0]0[0]0]|O0
1|01 10111
MB 0|1 ABIC 000111 | 10
OR Function (2 inputs): O||O||1 3-input OR Function: 0]0]1]1]1
1]1]1 1 ]111]1]1
AB|O0]|1 AB\C|00|01|11]10
] e S 3-input XOR - [---- === ]----
XOR Function (2 inputs): 0]0]|1 Function: 0O |]O0j1|1]0
11]1]0 1]1]0]0]1
AB|0]|1 A\B\C|00|01]11]10
. . B [---]--- 4-inputNAND ---- [-----------|----
NAND Function (2 inputs): 011 Function: 0]0[1]1]0
1]1]0 1]1]0]0]1

Figure 2. Karnaugh map representation of logic functions

3. Proposed Method

In the study, the proposed method consists of three steps, these are quantum, Kapawgid classical circuit
steps. The block diagram of the proposed method is shown in FiguaeBirLthis section, these steps are explained
in detail.

atfcofile " . Truth Table
Quantum Circuit .
Input variables => ABCD
v ALB,C,D >
- el Output variables => AB CD
.i ALB,CLD a o A
Lo ALB,C,D i N oooo ==> 1010
BEGIM —A P - ? o S o001 ==> 1011
t3 A,C,D v c * c 0010 —= 0001
t3 CLB,A b b 0011 ==> 1000
t3 A,B,D 0100 ==> 0100
2 B.A 0101 ==> 1101
0110 ==> 0110
t2 C,B
1 B o1l —= o111
1000 ==> 0010
t2 B,D Quantum Step 1001 == 0011
END 1010 == 1001
1011 ==> 0000
1100 ==> 1100
1101 —= 0101
77777777777777777777777777777 1110 ==> 1110
P i 1111 ==> 1111
i Map layout Map _
o _ o I
! cb ‘ D | oD ‘ b c.b ‘ ¢.p ‘ c.p ‘ cb
' A F o 1 3 2 4_B 1 1 1 o 1 Combinational Logic Circuit
! IRFcenn
. AB a 5 7 6 — AR O 1 0 0 i ‘” TTET
i t .
| A._B 12 13 15 14 A_R 1 0 1 1 i
' A B s 9 11 10 A._B 0 0 0 1 | I
i
I

i

L P ARBECTDD %

|
i
i
|
i
i
i
|
i
i
|
Logical Boolean Expression !
i
|
i
i
i
7

I
l‘ (©,1) i B. C
i (1.3) A._B._D
(1,5) A_C._D ﬁ Do= ABTL ABD + ATD + ACIS+ ABIS+ ABC =
! (10,14) A._C._ D e
] (12,14) A _B. D
| (14,15) A._B._ C Combinati onacxl Logic C tep
I

Figure 3. Block diagram of the proposed method
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Quantum Step

Quantum circuit design involves arranging and controlling logic gates (quantum gates), which arenuslke to
quantum computers work and solve certain computational problems. Quantum circuits differ from conventiona
computer circuits in that quantum gates represent gates with properties unique to quantum mechanics, rather tf
classical logic gates, and atesigned using a variety of synthesis tools. In the quantum step of the study, a sample
".tfc" file is created, as can be seen in Figure 4, and the ".tfc" file is run with the RCViewer+ Tool installed on
classical computers and converted into a quantucaiti The truth table of the Quantum circuit consisting of four
inputs, four outputs, and seven gates is

taken.
atfcofile Quantum Circuit Truth Table

A RCvi --- G dliT\Onelrive\Masadsta k3.t Input variables => ABCD
v A,B,C,D ﬂ Tewer+ *WUsers\adliT\OneDrive\Masadstd\ornek3.tc LS
-i A,B,C,D File View Tools Help 000 oos 1010

.o A,B,C,D ~ - —r— = ;;
BEGIN EHEBEODS (MEN &M 2 o o
0011 ==» 1000
t3 A,C,D 0100  ==> 0100
0101 ==» 1101
t3 (,B,A 0110 ==> 0110
t3 A,B,D 0111 ==> 0111
bt B’,Q, A A 1000 ==> 0010
1001 ==> 0011
t2 C,B B $-L-e— B 1010  ==> 1001
» 1011 ==> 0000
tl B C i C 100 ==> 1100
1101 ==> 0101
t2 B,D D & s 14 D 110 ==> 1110
END 1111 ==> 1111

Figure4.The result of the quantum circuit design and
Karnaugh-Map Step

In the Karnaugh step, as seen in Figure 5, the Karnlagibased method is applied to the truth table obtained in
the quantum step. In practice, one of theput A, B, C, and D variables, D output, whose value is equal to 1, is
taken and written in placof DO. A hexadecimal map is then used for a-foput function. Each cell is associated

with neighboring cells in the map, and a simpler expression is obtained by combining similar neighboring cells. The
map layout is created by replacing the valuesesmonding to the bits.

e — S

4 " Truth Table 1
|
f A|B|C|D|Do Map |
0 |ojojo 0|1 JE.E‘E.D‘CD‘ET) |
: 1 (00|01 ]1 A B 1 1 1 0 :
2000|100 I:> 50 1 o0 o i
: 3 0 0 1 1 1 A.B 1 0 1 1 }
4 (0|1l0|0 |0 ‘
s lol1]o]1 |1 AB 0 0 0 1 |
i 6 0|1 ]1]0]0 1
S 701|110 ﬂ 1
. 8 |1lofolo]o ;
i 9 11010 1 0 Map Layout }
101|010 |1 = | A ==
Coaliloli 1l QC.D ‘C.D ‘C.D ‘C.D i
C 1211001 AE e 1
1311|010 AB 4 5 7 6 1
111|101 A_B 12 13 15 14 }
11111 A. B 8 9 11 10 3
|
| )

~ 4

Figure 5. Using karnaugiMap from the sample state table
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Combinational Logic Circuit Step

A hexadecimal map is then used for a foyut function. Each cell is associated with neighboring cells imtne
and a simpler expression is obtained by combining similar neighboring cells. The map layout is created by replacir
the values corresponding to the bits.

1 Grouping Combinational Logic Circuit W:
! (0,1) A.B. C Sutanud l
1 (1,3) A.B. D ‘ } l
| (1,5) A C.D {
(10,14) A_C. D | "H'I:} i
| (12,14) A. B. D ‘ Friee i
| (14,15) A.B.C | j- |
| BiT -
| o D |
| _ _ H'a"_’ |
i Logical Boolean Expression | | | ]
3 De=ABC +ABD+ ACD+ ACD +ABD + ABCD =) ;¢ ‘IH i
, el
q I

Figure 6. Classical circuit generation from the resulting logegbression

4. Conclusion

Because quantum circuits are built on a different paradigm than combinatorial logic circuits, they should not be
applied directly, like the traditional Karnaugh map. The design and optimization of quantum circuits are darried ou
with special algorithms and techniques that take into account the properties of quantum mechanics. However, as ¢
be understood from the explanations and studies, the Karnaugh map provides advantages such as simplifying
operation structures, reduginthe delay times and facilitating the debugging process. The connection of quantum
circuits with combinational logic circuits has been tested. It has also been found that it can be used to quickly analy:
complex logic functions with a large number ofutgpand outputs. It is foreseen that the use and development of this
method in the future will contribute to the study. The Karnaugh map is a viable and effective method only for a
certain number of entries (2, 3, or 4 entries). Other techniques and mettagdneed to be used for logical
expressions with more inputs.
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Abstract

Artificial intelligence, machine learning, and deep learning all significantly affect our daily lives. These technologies
are utilized in a vaety of fields, including voice assistants, social media, health, and internet search engines.
Computers with high computing speed are required for these technologies. The speed of today's classical comput
is insufficient for these processes. Quantumgoting has made it possible to reach high processing power. In this
situation, converting classical computer algoritimguantum computing algorithms is a difficult task. This study
proposes an approach based on deep learning and natural languagengroths proposed approach transforms
classical code into quantum coding. The proposed approach involves developing a neural network. The datas
contains C code as classical code, and TFC code as quantum code. The preprocessing of the dataset inclu
operations like normalization, tokenization, and vectorization. The proposed approach used the preprocessed data
to train the neural network. The proposed approach is evaluated as accuracy rate and loss value. As a result of |
evaluations, the proposegproach has been verified.

Keywords: Quantum computing, Natural Language Processing, Deep Learning
1. Introduction

Information technologies play a significant role in our lives as a result of the modern world's rapid technological
growth, and their se gradually becomes essential. A variety of industries, including computer vision, satellite
imaging, health, the Internet of Things, text and speech analysis, have begun to adopt emerging deep learni
technologyl]. With the increase in studies in Hgeareas, more powerful equipment is needéten studies in this

field are desired to be done with classical computers, time and energy costs drethigltontext, researchers have
sought alternative solution$hey turned to software solutions, libese solutions were also insufficie@n the
hardware side, reaching the upper limits of Moore's Law limits developm&atsrding to Moore's Law, a
microprocessor's transistor count will double every two years. This law is no longgivlidoluions consisting

of classical computers and methods are insufficiérg.development of quantum computers and quantum computing

in the laboratory environment has been a ray of hope for the field of artificial intelliggaaetum computers have
some advatages as well as some disadvantagjee.most important of these disadvantages is that there is not enough
quantum algorithm to run classical algorithms on a quantum corf®%ieHowever many researchers try to use the
advantages of quantum computirog different problem&i 9].

In this study, quantum circuits are built from a hlghel language using deep learning methdé®m these
algorithms, long shotierm memory architecture, which is an improved version of the recurrent neural network
(RNN), which provides high efficiency in the field of natural language processing, has been[afljzé{ Long
shortterm memory has the benefit of having a gate that determines whether or not its network data is important. Tf
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Google Colab platform was lired to speed up model training for the application, which was written in the Python
programming language. The platform enables the use of T4 GPUs with several cores for tensor processin
Tensorflow library, which is frequently used in artificial intgihce, machine learning, and deep learning, is used.
The LSTM structure and layers that we will employ in the neural network are produced with the aid of the TensorFlow
library. It has been vectorized so that the computer can process and interpret commandsickly[12]. This
increases the accuracy of the predictions by clustering the vectorially nearest values together.

The C programming language code given as a source to the application is initially preprocessed. The preproces:s
dataset ishenvectorized and tokenized@he neural network can take this data set as input. The vectorially generated
output values from the neural network are used to create a TFC data file that representBrédioligatesThis
generated data is the quantum cir@quivalent of the source C language prograis method allows for the
conversion of some classical computer algorithms into quantum circuits. As a result, a solution is offered fol
applications like artificial intelligence that need high speed.

There ae studies like source code generation and word/sentence predictiofa$est studies include automatic
code completion and source code generation using deep learning techniques. In on§l8f,thamethod using
abstract syntax tree (AST) and deegrieng is proposed.STM and Multiple Layer Perceptron networks were used
in the experiments and their comparison with other methods was discbsaezk code is produced with the method
used.The method produces efficient results for compiled languagdsas C++ and Javim this study, the Multi
Layer Perceptron's accuracy is 90.1%, whereas that of the ic3dated neural network is 90.3%. Automatic text
production using the LSTM model is covered in another work in the litefaijr& he text, whichs given as free
from punctuation marks, is processed and a new text related to this text content is prddhécadcuracy rate of
the produced texts as a result of the training is 80%.

2. Background
2.1. Quantum Computing

In the early 1900s, studiegere started in the field of quantum mechaniosquantum mechanics, photons and
subatomic particles can represent two different states called superpfitjbés They maintain their superposition
state as long as no observation is m3de beskno wn exampl e of this situation
The cat is in a box with a bottle of poison and radioactive matéika. photons and subatomic particles, the cat
inside the box is both dead and alive until obserVden we adapt this sition to the computer structure, unlike
classical computers, quantum computers can store both 0 and 1 values in superposition at the Jdraestorege

units here are called qubit3ubits represent the processing capacity of a quantum conmMitiée.current classical
computers have 6Hit processing power, this capacity can reach 2000 qubits levels in quantum confjndays
studies show that quantum computers with more qubit numbers are being pfbdudid

The biggest advantage of quantunmpuiters is that they complete the sequential operation of classical computers
in a single unit of time in parallelThis saves a great deal of timEhe disadvantage is the requirement for a
temperaturecontrolled laboratory environmento get accurate selts, the system temperature should be kept at 0
Kelvin (-2 7 3 . 1[9. SiAce )t is difficult to keep the system at absolute O temperature, incorrect measurements
occur in the operation$herefore, algorithms are run more than once in quantum cora@uiéithe average of these
values is accepted as the res@uantum computers are much more advantageous than today's -gengosk
computers and supercomputers in terms of time and erdthgugh access to quantum computers is limited today,
there ae many simulators available to researchépsiantum simulators such as Qiskit, Ocean, Q#, and CIRQ are
currently used for quantum programnif@i 21]. Quantum circuit equivalents of higével languages here can be
defined with quantum scripts such as ORASM, cQASM, Quil, and BlackbirdQuantum computing programs are
currently operated through these simulatéscess to physical quantum computers operating in the laboratory
environment is provided by the cloud services of IBM and Microsoft.
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2.2. Natual Language Processing with Deep Learning

Natural language processing is a method for the creation and analysis of spoken and machine l@hguages.
concrete studies in the field of NLP were made by ARPA in the 19805 result of these studigle Harpy system

was established with a dictionary of 1000 woildse Harpy system successfully understood up to 90% of the spoken
languagélhen, MIT created a chat program called Eliza that can respond with advice in the role of a psychotherapis
The ansvers given by the application were insufficient in terms of meaiiing. and similar studies work on a rule
based.The computer makes predictions by making inferences with predefined rules. In cases where language
change, these rules need to be changddtis is a difficult process to manage. By the 2000s, machine learning and
deep learning methods began to develop. These methods achieved high performance in text processing areas. C
learning and machine learning methods are used in research on tatgumge processing. In deep learning,
recurrent neural networks (RNN) and long shertn memory (LSTM) algorithms are generally usBdcurrent

neural networks are often used in text processing.

LSTM has been developed for situations where RNN ifffiegent. It also stores state values in its memory and uses
state values in its predictiondSTM can make higlperformance predictions in muitlass classification
applicationsLSTM consists of input, output, forget gate, ¢ and h states. The feladtiidtinguishes it from other
networks is that it has a forget gate in its structbipeget Gate is responsible for deciding whether the data in the
network will be forgotten or noAn example LSTM structure is shown in Fig. 1.

Figure 1. LSTM Architecture

3. The Proposed Approach

The proposed approach contains a system for converting classical computer code to quantum computer code. T
method transforms C programming language codes into TFC codes. The proposed method first preprocesses th
codebefore submitting it to a neural netwotlhie Seq2Seq model was used as the neural nefWoek.STM neural
network, the decoding unit, and the tokenization and vectorization of the data from the data set are all included |
this model. The TFC code of & C code is created by decoding the neural network's otitipaitolock diagram of

the proposed approach is given in Fig. 2.

START

A4
» Classical Code (C code)

hd

Pre-processing Seq2Seq Model

Code Optimization Encoding (Tokenize, Vectorize)

Code Spliting Artificial Neural Network

Dataset Preparation Decoding

v
Quantum Code (TFC code)

FIMSH

Figure 2. The block diagram of the proposed approach
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There are different codes in each line of the data set file used fongrdims system. The number of rows here
indicates the amount of data we have. For the data set to take up less memory on the computer and be proces
faster, the data is preprocessed to digitize. The preprocessing steps of the data consist of thetfolbevdtages.

Standardization. <START>and<STOP>tags are added to indicate the start and end of the commands in the dataset.
In command expressions, a space is used to separate the operator and Albelaads split with spaces and each
expressia is processed separately.

Tokenization. It is the stage of creating a special numeric value equivalent for each of the expressions in the data s
and storing it in an arrayn this approach, the computer will be able to process quickly with numeuiesviaistead
of textual expressions.

Vectorization. The deep learning algorithm we will use in the application cannot directly process tokenized
categorical datal'his data must be converted into digitized vectors for the algorithm to procesthis sage, the
data from the tokenization stage is converted into binary vectors with the One Hot Encoding method.

The proposed approach, it is aimed to transform-lggal programming language commands into quantum circuits

by utilizing natural language pressing and deep learning algorithfriee Tensorflow library was used to build a
neural network. Two inputs, two LSTMs, and a dense layer make up the neural network that has beefmtfermed.
first input layer encodes the input data and the second inputitagesponsible for decoding the input dathe
incoming data is compared to the data already recorded in the LSTM layer's memory before being passed on as in|
to the following layer.The dense layer is equipped with a softmax activation function, wiriohides high
performance in mukclass classification operatioris.this way, probabilistic values reach the output of the network
and estimates are made accordingjlye achitecture of the neural network is given in RBg.

input_1 input: | [(None, None, 19)]

InputLayer | output: | [(None, None, 19)]

Istm input: (None, None, 19) input_2 input: | [(None, None, 59)]
LSTM | output: | [(None, 256), (None, 256), (None, 256)] InputLayer | output: | [(None, None, 59)]

\ /

Istm_1 | input: [(None, None, 59), (None, 256), (None, 256)]
LSTM | output: | [(None, None, 256), (None, 256), (None, 256)]

dense | input: | (None, None, 256)

Dense | output: | (None, None, 59)

Figure 3. The architeaire of the neural network

The neural network's dense layer outputs can include both probabilistically negative and positive values. It is ensur
that all outputs fall between the range of 0 and 1 and that their sum is 1, by using the softmax acthaiion f
Decoding is used together with these probability values and the LSTM stat8tdatiag from the <START> tag,

until it encounters the <STOP> tag, all expressions in between are deEB@ecbommands are produced as output
from the decoded statemts.

4. Experiments and Results
The proposed approach uses deep learning to create neural networks with two inputs, two LSTM, and one der

layer. If the batch size is increased because of the experiments, the model starts to overfit and prodeces incorr
results. Increasing the epoch value increases the training time, but the accuracy increases linearly with the epc
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value. The epoch value is chosen as high as possible within the hardware resources. For the neural network mode
produce the most éffent results, the optimum parameter values were determined by experiments. The most
successful training results were obtained with the optimum parameter values in Table 2.

Table 2.Parameters
Parameter Value

Parameter Name

Optimizer Adam

Loss Function Categorical Cross Entropy
Activation Function Softmax

Learning Rate 0,001

Epoch 100

Batch Size 25

Shuffle True

Adam and RMSProp are widely used algorithms in applications for natural language processing. RMSProp and Ada
algorithms were tried as tmization functions in the training process. The Adam algorithm was more successful
than the RMSProp algorithm. The success rate is negatively affected by decreasing the learning rate. The Softm
function, which provides high efficiency in muttiass cassification, is used in the applicafi@B]. As a result, the

output vectors have values between 0 and 1, and the total of all values is equal to 1. The Shuffle parameter is amc
the most crucial parameters, along with the activation function. Higtmracy is achieved when the shuffle
parameter is true. Instead of using datasets for the training, we used realistic data that we created ourselves. T
dataset consists of C codes and TFC codes. A part of this dataset is given in Fig. 3.

at+; £5 4,3,2,1,0;t4 2,2,1,0;+3 2,1,0;+2 1,0;+t1 0O;
++a; t> 4,3,2,1,0;t4 3,2,1,0;t3 2,1,0;t2 1,0;tl 0O;
at+=1; t> 4,3,2,1,0;t4 3,2,1,0;t3 2,1,0;t2 1,0;tl1 0O;
a=a+l; t5 4,3,2,1,0;t4 3,2,1,0;t3 2,1,0;t2 1,0;tl1 0O;
a=l+a; 5 4,3,2,1,0;t4 23,2,1,0;+3 2,1,0;+2 1,0;+t1 0;
b++; t5 9,8,7,6,5;t4 8,7,6,5;t3 7,6,5;t2 €,5;tl 5;
++k; t> 9,8,7,6,5;t4 8,7,6,5;t3 7,6,5;t2 6,5;tl1 5;
b+=1; t> 9,8,7,6,5;t4 B,7,6,5;t3 T,6,5;t2 6,5;t1 5;
b=k+1l; +5 9,8,7,6,5;t4 8,7,6,5;+3 7,6,5;t2 6,5;t1 5;
b=1l+b; t5 9,8,7,6,5;t4 8,7,6,5;t3 7,6,5;t2 €,5;tl 5;
Figure 4. A part of the dataset
Model accuracy Model loss
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Figure 5. Accuracy rate and loss value of the proposed approach during training
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The results of the experiments, 80% of the source data being training and 20% testing, are as in Fig. 5. This figu
shows the change in the accuraatgrand loss value of the training made with 100 epoch values of the neural network
and 25 batch sizes. While the accuracy rate does not exceed 50% in the first 30 epoch iterations, the accuracy r
exceeds 90% after reaching the 80th iteration. The Isétehhas not been increased to avoid overfitting the model.
The training result accuracy rate was 96.9%.

5. Conclusions

In this study, an approach is proposed to create quantum circuits for quantum computers, which have much fas
computational powehan classical computefBhanks to the proposed approach, it is predicted that it will accelerate
the development of studies in the fields of artificial intelligence, machine learning, and deep |daromdgr to

create quantum circuits used in quantomputers, LSTM neural network architecture is used. The neural network
is trained with categorical crogmtropy loss function, Adam optimization algorithm, 25 batch size, and 100 epoch
iterations. Real data were produced for the training of the neusabrkeand the trainings were made with these
data. Successful results have been obtained in the traiingsidering successful and unsuccessful results, the
analysis of the effective factors was ma#élesuccess rate of 96.9% was achieved with optimurarpaters. After

these success rates, it is thought that there will be a shift from computers with high hardware costs to quantu
computers. Thanks to this study, classical algorithms will be adapted to quantum computing.
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Abstract

Quantum circuits are the foundatiof quantum computers and quantum technologies. These circuits are created using quantum
systems called quantum bits (qubits). Qubits are in a complex state that can take both a 0 and a 1 state at the skkee time, ur
the bits used by traditional comptgeThis provides features such as the ability of quantum circuits to perform parallel processing
and solve some computational problems faster. There are many types of faults in quantum circuits. It is importanatdtdetect f
so that the quantum circaito be developed can produce accurate results. In this study, a method using a truth table is propose
to detect possible faults that may occur in quantum circuits. The truth table is obtained from the ".tfc' files usegatich@t
quantum circuitsThe obtained truth table is compared with the output of the quantum circuit.

Keywords: Quantum Circuits, Fault Detection, Quantum Computing, Truth Table.
1. Introduction

Quantum computers are a revolutionary technology that has the potential wohgugtational speeds unmatched

by conventional computers. The basis of this technology is the design and use of circuits called quantum circuit
Quantum circuits are created using complex quantum systems and are the basis of quantum computers and ot
quantum technologies. However, it is very important to ensure and test the accuracy of these circuits. The truth tab
of guantum circuits is a table that shows the results of all the input combinations of a quantum circuit. This table
shows the correct outp for each combination of inputs and is used to test the functionality of the quantum circuit
and check its accuracy. To construct the truth table, first, all combinations of the input states of the quantum circuitr
are listed Then the output is calcgldtfor each combination of inputs, and the results are added to the table. The
table is used to test the functionality of the quantum circuit. And it can be used to check accuracy. Creating a tru
table in quantum circuits ensures the circuit works pigpé&ihis table can also detect faults within the quantum
circuitry and for development purposes.

Tools Used in Quantum Applications

A Qiskit: It is a library developed by I BM Quantu
common toolused to build and simulate quantum circuits and generate truth tables. With Qiskit, the functionality of
quantum circuits can be tested and the results analyzed.

A Ccirgqg: I't is a quantum programming f r aaneéanalysikof d e v
quantum circuits with Python. Cirq can be used to generate truth tables when simulating quantum circuits.
A PyQuil: It is a |library developed by Rigetti Com

Python languag. PyQuil can be used as a tool to create and analyze truth tables of quantum circuits.

1 Corresponding author



A Q# Language: It is a quantum programming | anguag
with Python, can be used for the creation and simulafiguantum circuits and the creation of truth tables.

A Quant um | n s {pasedeuantumtconipwing platforin dawedoped by QuTech. It comes with Python
integration and can be used for the creation and simulation of quantum circuits and tbe ofeaith tables.
Widespread use of the Python programming language in the quantum computing community has led to th
development of various tools for constructing truth tables in quantum circuits. Tools such as Qiskit, Cirg, PyQuil,
Q# Language, and Qotum Inspire are common tools used for the creation and analysis of truth tables of quantum
circuits. These devices have powerful capabilities for performing quantum computations and modeling quantur
circuits.

Related Studies

Quantum computing is a veryating field with the potential to exceed the limitations of traditional computers.
Quantum circuits form the basic building blocks of quantum computers and are circuits where quantum gates perfor
various calculations by manipulating the states of quibitsth tables are important for analyzing the functionality
and performance of quantum circuits.

Detection and isolation of faults is an extremely critical step in the physical realization of quantum circuits. The field
of quantum computing, another ingsting topic, is also developing rapidly. Today, there is a shortage of
professionals with deep computer and physics knowledge who can meet the needs of companies developing &
researching quantum technologies.

This article focuses on extensive studiefafts in quantum circuits. The studies in the literature on truth tables used
to evaluate the functionality of quantum circuits are examined. The literature review includes some of the theoretic:
information and studies from past years to the presegtiantum fault tolerance and quantum computing.

Rahaman et 4lL] focused on fault diagnosis in reversible circuits under the missing gate fault model. Under this
model, they presemndea new fault detection technique in a combination circuit with missing gate [fHults

Barends et gR] present a quantunelated study by showing a set of universal logic gates in superconducting
multiqubit processors. They statdtht the average orubit gate accuracy reached 99.92% and theguimt gate
accuracy reached 99.4%. Lin et al[3] By introducing a tool called physical design sensitive faaléirant quantum

circuit synthesis (PAQCS), they offer a 30.1% reduced overhead in converting logic circuits to physical circuits
compared to previous wofB]. Bera[4] showed that the behavior of faulty quantum circuits under the siagle f
assumption can be fully characterized by faulty gates and corresponding fault j4tte@rs et al[5] analyzed
stateof-the-art reversible adders for quantum computing and classified them using metrics comparsigetigtins

and weakness¢S]. Bocharov et dl6] showed hat they developed a simpler and more general method for reversibly
synthesizing probabilistic quantum circUi@. Cai et al.7] examined the recent development of bosonic codes and
discussed the opportunities of bosonic codes in-faldtant quantum computation and other quantum applications
[7]. Chen et g8] investigated the pwgously uncontrollable quantum circuits by proving the conditions for the two
circuits to be partially equivalent, and developing algorithms based on this cof@]tidurl et al[9]staed that
decision diagrams are a promising data structure in quantum circuit simulation and they have found a successt
application9]. Wang et aJ10] focused on a new image encryption algorithm and shovetdhé truth table is based

on the new chaos and spread val{E3]. Mirizadeh et a[11] used the FHAS atgithm by designing faultolerant
reversible half and full adders/subtractfirs]. Singh et a[12]implemented quantum circuits in Python in different

test scenarios faster usi@iskit [12]. Swathi ¢ al[13] made applications focusing on various reversible logic Gates
[13]. Yetis et a[14] developed a new algorithm for optimal circuit generation and focused on imagdldata
Karmakar et aJ15] proposed a fauliolerant logic gatdbased RO PURL5]. Golestan et dl16] discussed the use of
quantum computing in power systearsd summarized recent developmdte). Sharma et gL 7] continued their
studies by focusing on various iss(i£8]. Kissinger et al[18] proposed a method that aims to reduce the number of
non-Clifford gates in &ulttolerant quantum computatiofs3]. Bar et al[19] aimed to overcome the limited qubit
number barrier by using a variational quantum circuit (V®].
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Motivation

Quantum circuits serve as the fundamental components of quantum computers, and quantum gatessaae circuit
designed to achieve specific quantum operations. The truth table is a tabular representation that maps ing
evaluations to corresponding output states, commonly used in classical computers to depict logical operations.

In the literature concerninggversible quantum circuits, it becomes evident that understanding the count of inputs,
outputs, and gates is crucial for optimizing quantum circuits. An identified gap in the literature pertains to the
automatic determination of inputs, outputs, and gasatities within quantum circuits. This existing gap within the
literature constitutes the principal motivation for our study. The motivation to detect the truth table in quantum
circuits is important for quantum computers to become more complex andlscdaier this motivation,
determining truth tables of quantum circuits can help evaluate factors such as fault tolerance, side effects, ar
efficiency of quantum gates and circuits. Thus, it can guide the development process to enable qguantum compute
to produce more reliable and accurate results.

2. Types of Faults in Quantum Circuits

Quantum circuits are constructed using sifgibit and multiqubit quantum gates. Circuit failures can arise during
the creation of quantum circuits. There are varieasons for circuit faults, including issues within the system, faults

in system components, and disruptions from the external environment. There are types of faults that permanently
temporarily affect the capabilities of a circuit for a long or limitiete. Failure models that may occur in quantum
circuits have been examined in five types in the literature. These fault types are shown in Figure 1.

Fault models
Stuckat I Missing gate CrossPoint
fault Bridging fault fault Cell fault fault

Y Y Y Y Y

( Single) Qppearan%
OIS

Wired OR

Wired AND

Stuckat 0

Stuckat 1

Single

Multiple

Figure 1. Failure models in quantum circg]

As depicted in Figure 1, quantum circuits can experience failures such as6Muokiging, Missingyate, Cell, and
CrossPoint faults. These failures can have an impact on the results of quantum circuits. Figure 2 illustrates th
instances of Stueht, Bridging, Missing gate, Cell, and Cre’gint failures.
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Figure 2. Fault types of quantum circuj&d] a) The stuclat fault model b) The bridging fault model c) The single missing gate
fault model d) The multiple missing gate faoibodel e) The singteell fault model f) The single appearance cypsit fault
model

3. Material Method

The initial phase involves the generation of sample quantum circuits. During the construction of these circuits,
MATLAB program was employed, lding to the development of a specialized software package. Within this
software package, ".tfc" files are generated. Subsequently, the necessary modifications were made to these ".t
files, resulting in the transformation of these files into quantumuitsrcThis transformation was accomplished
utilizing the "RCViewer+" quantum simulation tool. The purpose of creating these data sets is to extract the stat
table of these circuits and to compare the state table we want with the state table of tlogrdaiiltp determine
whether there is an fault in this circuit. The truth table was obtained after the quantum circuit converted from the
A.tfco file was passed through matrix multiplicati
quantum simulator from the previously generated ".tfc" file. The acquired truth tables will be subjected to a
comparative analysis. An illustrative representation of the approach introduced in this research is provided in Figut

3.
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Comparison of truth tables and error detection
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Figure 3. Graphical summary of the proposed method for the detection of the quantum circuit and input number

Data Set

In this study, the primary objective is to assemble a dataset using quantum simulators that are implemented
conventional computers. Thiataset will then be subjected to image processing techniques and harnessed by dee
learning models to identify various elements within the circuits, including inputs, outputs, gates, and circuit
components. By acquiring the state tables of the scrudigjgantum circuits, it becomes feasible to detect any faults
present within these circuits. The approach employed to determine the output of a provided input in the quantul
circuit is elucidated in Figure 4.

- — P=ABGD
- ——Q=AB@®D
c — o - R=(A+B) ©C
D —— S-AB@D
E — — =ADB@E

Figure 4. The equation used to construct thth table of the quantum circuit

The process of generating the truth table then involves calculating all combinations of the inputs of the quantur
circuit and determining the output for each combination. These results can then be collected in a table.

It presents the complete array of input state combinations alongside the associated circuit outputs for each ste
These outputs have been joletermined for every possible input combination. This computation is achieved by
performing matrix multiplicatios of gates that are deployed within the qubits of the circuit, corresponding to each
distinct input state. The truth table that emerges from this process is depicted in Figure 5.
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Figure 5. The truth table obtained as a restltratrix multiplication
4. Experimental Results

In this research, the creation of the dataset involved the generation of ".tfc" files through the MATLAB program.
These generated ".tfc" files were subsequently imported into the "RCViewer+" programe aiagulting quantum
circuits were saved in ".bmp" format. The truth tables of the recorded quantum circuits were created by the
ARCVi ewer +0 generation and compared with the trut!
recorded the samegwt for life in the table. The fact that the tstate tables are the same shows that there is no
fault in the circuit.
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Figure 6. Comparison of truth tables created by two different methods

The accuracy of quantum circuits holds paramount importanite inuccess of quantum computing, as faults can
rapidly accumulate and undermine the integrity of computation results. To evaluate the performance of quantur
circuits, truth tables are employed. These truth tables facilitate the assessment of quanitsnbgijextaposing

their outputs against the anticipated outputs. Such tables offer insights into the precision of individual quantum gate
as well as the overall accuracy of the entire circuit. Accurate truth tables play a pivotal role in the déBa@ndf e
gquantum circuits, enabling researchers to pinpoint and rectify faults within the circuitry. Consequently, the generatio
of precise truth tables stands as a crucial and indispensable phase in the advancement of quantum comput
technology.

Experimental results obtained in the process of constructing the truth table of quantum circuits are used to test tt
functionality of quantum circuits and check their accuracy. These results show that the output is calculated correct
for all combinations oftte input states of the quantum circuit.

Experimental results are constantly studied and improved to improve the accuracy of quantum circuits and to be ak
to solve more complex problems. These studies will help quantum computers and quantum tecloealogies

more widespread.

5. Conclusions

In this study, the complete array of input states for the quantum circuit is generated through the utilization of the TF
library. Subsequently, by computing the output value for each distinct combination, a cemspretiruth table is
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formulated. This procedure aids in comprehensively documenting the behavior of the quantum circuit across a
potential input scenarios.

Truth tables have a wide variety of potential applications in quantum computing. It can heasédize the design

of quantum circuits, identify and correct faults in quantum hardware, and evaluate the performance of quantur
algorithms. Additionally, accurate truth tables can be used to compare the performance of different quantur
computers and siulators, allowing researchers to compare their results and identify areas for improvement.
Experimental results have shown that the generated truth table accurately reflects the functionality of the quantu
circuit. This method could be valuable for tagtquantum circuits and checking their accuracy.

This endeavor establishes an initial foundation for constructing truth tables for quantum circuits. Subsequent effor
could potentially enhance and fitne this methodology, or even explore alternatmereaches tailored for more
extensive and more intricate quantum circuits. The realm of truth table creation within quantum computing hold:
numerous uncharted avenues for future investigation and innovation. These opportunities extend to research a
devebpment, offering prospects for devising novel techniques to generate comprehensive truth tables.
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Abstract

Deep learning methods, capable of finding solutions to a wide range of prabidmsdely applicable in almost every field due

to the increasing computing power, have become the popular technology of today. Global companies are increasing the
investments in this direction, leading to the emergence of humerous newpstarmpanis. Similar developments are also
evident in the field of quantum computers and quantum computing. While the birth of physical quantum computers is still
relatively new, it is predicted that quantum computing will revolutionize health, finance, cybessseatitrs, and various
complex computational problems. In recent literature research, significant attention has been given to the interseston of th
fields, with a focus on the development of quantum neural network models and the interest in quanithmmspr increasing
efficiency in machine learning. This study demonstrates the current state of artificial intelligence fields such dsarifidia
networks, deep learning, machine learning, in conjunction with quantum computing technologpyvesassl the achievements
attained. The studies are presented by conducting despatific analyses, showcasing their position and financial magnitude

in the industry. The success of quantum neural networks in recent literature studies has been mentioned.

Keywords: quantum computing, artificial neural networks, quantum neural network, artificial intelligence
1. Introduction

The concept of Artificial Neural Network (ANN) has emerged as a result of mimicking the neuron structure of the
human brain. ArtiCial neural networks are systems composed of components resembling neurons that have th
capacity to encode, store, and use information for various tasks. Over time, quantum computing has made fascinati
progress, and these efforts have had a significapact on its faster operation. Additionally, when compared to
classical computation, quantum computing possesses a much stronger potential. The advancement of quant
computing offers unprecedented opportunities to overcome problems that traditionatersngannot solve. For
example, Shor [1] is a quantum algorithm used to rapidly find the factors of large nhumbers. This algorithm car
factorize numbers that would take years to compute using classical methods, in a short period of time. Moreover, tl
Grower algorithm [2] is a quantum search algorithm used to quickly locate a specific target in a database. It ha
demonstrated superior performance compared to classical computations.

Classical Artificial Neural Networks (Classical ANN) require more companati resources and time to perform
certain complex tasks. On the other hand, Quantum Neural Networks (QNN) can leverage the advantages of quant
computation to solve more complex problems faster and more effectively. The concept of quantum neural networ
computation was first proposed by Kak [3] in 1995 and later studied in detail. In 1995, Menneer and Narayanan [4
suggested Quantuinspired Neural Networks (QINN), and this topic was extensively addressed in Menneer's [5]
doctoral thesis. Narayanan and mheer [6] demonstrated through experimental and simulation methods that
quantum ANNs are more powerful and efficient compared to traditional ANNs. In 2003, Kouda and his team [7]
introduced the Qubit Neural Network model, which is based on qubits. AddijipRigure 1 provides the number
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of published articles and total citations containing the term 'Quantum Neural Networks' over the years, reflecting
both the guantitative and qualitative dimensions of research on this term.
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Figure 1. Published arti@s and total citation count containing '‘Quantum Neural Networks'.

It has been suggested that both classical and quantum components could be utilized for the more effective functioni
of quantum neural networks. In 2014, Schuld and his team [8] propd@3adrdum Neural Network (QNN) model

that combines the unique characteristics of quantum computation with those of neural network computation. In thi
study, they presented a systematic approach to enhance the QNN model by examiningnadhiods, thereby
providing a more organized perspective on QNN research. Schuld and his team [8] proposed several requiremel
for the creation of a meaningful QNN model. These requirements are listed below:

1 The initial state of the quantum system can encode any bingugrsee of length N. For instance, it should
be able to represent a binary sequence like 001101. This implies that QNN possesses a form of memo
capability and enables the representation of input data.

1 QNN can reflect one or more fundamental neural coatjmit mechanisms. These mechanisms encompass
the operating principles of neural networks (attractive dynamics, synaptic connections, integration and firing
training rules, the structure of a neural network).

1 It is based on quantum effects such as evalutsuperposition, entanglement, interference and is fully
compatible with quantum theory.

1 Below are listed some advantages of quantum neural networks compared to classical artificial neura
networks:

I Evaluating multiple different possibilities simultanstu through the properties of superposition and

entanglement [9].

Better analysis of specific molecular structures and properties [10].

Faster and more effective results in optimization problems [10].

Achieving high performance with fewer hidden neurf@js

Faster learning ability compared to traditionals [11].

High processing speed [12].

Superposition provides an exponential storage advantage to the quantum network [13].

E R

With the presence of these features, scientists are showing intense intate&tnoing quantum neural networks.
The future potential of quantum neural networks is highly expansive, making the subject exceptionally compelling.
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2. Current State of Quantum Neural Networks

Quantum neural networks are a unique model created by cioiglire fundamental structure of traditional artificial
neural networks with principles of quantum mechanitghis section, we will take a closer look at how quantum
neural networks operate and delve into the topic in more detail by examining sorimg exixlels.

2.1. Basic principles of quantum neural networks

Artificial neural networks (ANNs) emulate the biological neural system for information processing [14]. ANNs
employ artificial neurons to process input data and generate outputs, adjustingumte weights through learning.

They excel at recognizing intricate data patterns. In the standarddifeeeonfiguration (input, hidden, and output
layers), external data is initially processed by the input layer [15,16]. Hidden layers meticplameglys inputs,

aiding in extracting higtevel features, and the output layer derives results from processed data, showcasing the
learning potential of ANNSs.

Quantum Neural Networks (QNNs) combine classical ANN traits with quantum mechanics' propstikisg in
an intriguing model [10], [17], [18]. QNNSs represent artificial neurons as quantum circuits housing parameters of
guantum gates. Quantum effects govern in@ron connections, enhancing learning and computation.

QNNs synergize the advantagef quantum computing with the processing prowess of artificial neural networks,
establishing a potent computational paradigm. Notably, QNNs transcend classical ANNSs' limitations, particularly in
processing extensive datasets or solving complex probléfls This transformative potential in addressing
conventional ANN constraints distinguishes QNNSs as a pivotal innovation.

2.2. Quantum neural network models
2.2.1. Quantum Multi-Layer Perceptron (M-P) neural network

The Quantum MP neural network is aextended version of the traditional-®1(Multi-Layer Perceptron) artificial

neural networks, incorporating principles of quantum mechanics. Zhou and Ding [19] aimed to enhance the
performance of classical neural networks by developing this model to gjilez@um computing capabilities. The
Quantum MP neural network aims to process data using the concept of quantum linear superiority and incorporate
principles of quantum computation.

In traditional MP neural networks, each processing unit calculaeestlkput by multiplying the input and weight
values and then applies an activation function. The output of a neuron depends on the weighted sum of inputs an
predetermined threshold. If the threshold is exceeded, the neuron gets activated and praslupes @0]. This
activation function is often referred to as a function that provides the nonlinear structure of the neural network.

The Quantum MP Neural Network introduces a new approach to the learning and processing capabilities of neura
networksby incorporating quantum mechanics into traditional neural network computations. By leveraging the
advantages of quantum computing, this model has the potential to offer better performance, especially for comple
data processing and learning tasks.

2.2.2 Variational Quantum Circuit Neural Networks (VQ-DQN)
The VQDQN model is a noteworthy subject among recent advalesetiresearches. This model has been addressed
in the study by [13], and it has been demonstrated to provide an effective approaemiostiadvanced quantum

processors in recent times. In this context, it is crucial to closely examine the fundamental structure and operatir
principle of the model. The mentioned MQIIN model incorporates the circuit model shown in Figure 2.
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Figure 2. VQ-DQN model architecture [13].

This circuit model integrates the quantum processor and classical computer, aiming to harmonize quantut
advantages with classical robustness. Figure 2's circuit model involves quantum gates and parameterized adjustme
Parameterized gqguantum gates, I|like Rz(d) with d, enl
adapting them for the quantum circuit format, yielding the desired output. Parameters in the quantum circuit ar
updated based on the losmétion outcome versus target output. This generates new input sets for improved results,
iterated until desired accuracy is met. This model robustly merges quantum and classical computation strengths.

2.2.3. Hybrid Quantum Neural Network (HQNN)

A Hybrid Quantum Neural Network (HQNN) is a vital advancement in this new era, offering advantages, especially
with Noisy Intermediaté&Scale Quantum (NISQ) devices. This model integrates classical and quantum computing
seamlessly. Despite NISQ limitations, theswides hold promise, leveraging complex quantum system traits for
quantum advantage.

An artificial intelligence model, the Hybrid Quantum Neural Network (HQNN), involves the integration of classical
and quantum devices. The fundamental structure of HQ8Iblsilt upon a processing logic consisting of five steps.
The first step involves preprocessing the input data and preparing its features. Subsequently, the input is transforn
into quantum form through data encoding. In the third step, the quanturit @rparameterized and undergoes
unitary evolution. Quantum measurements are performed in the fourth step to obtain quantum state information. Tt
final step involves the classical processing of the obtained quantum state [21]. The overall structukiNef HQ
demonstrates the effective combination of quantum and classical computation. Particularly, unlike classical artificia
neural networks, the importance of preserving nonlinear features is emphasized in HQNNs. To achieve this goe
classical neuron laysrcan be used in the output processing stage.

A Hybrid Quantum Neural Network (HQNN) stands as a noteworthy development in this emerging era, showcasin
several benefits, especially in the context of Noisy Intermedatde Quantum (NISQ) devices. Thigpeoach
seamlessly merges classical and quantum computing. Despite the inherent constraints of the NISQ era, these devi
retain substantial promise, making notable strides in unlocking quantum advantages through the utilization c
intricate quantum syste attributes.

2.2.4. Qubit Neural Network

Matsui and colleagues [22] have proposed a Qubit neuron structure that showcases quantum learning capabiliti
This original Qubit neuron model demonstrates the ability to effectively overcome challengetaligerdpression.

They put forth a suggestion for a Qubit neural network that governs the interactions between neurons according
quantum rules [6]. This Qubit neuron structure has paved the way for the emergence of a layered, new quantu
feedforward neulanetwork structure, as described by Kouda and colleagues [20].

Jeswal and his team [12] explain that a qubit neural network constitutes dayeiltid structure composed of
guantum bit neurons. In his own study, Jeswal demonstrates a general modeaofuengneuron, drawing upon
Kouda's previous research [7]. The qubit neuron model is given in Figure 3.
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Figure 3. Qubit neuron model [7].

Kouda and his team [6], through an analysis of simulation results based on the qubit neuron structure, lndiserved t
the qubit model is significantly more effective in learning problems compared to the traditional model. Additionally,
as mentioned in the study [12], the learning capability of the qubit neural network was examined ushigphety

control problen. As a result, the qubit model exhibited superior performance. In this context, théagarkid qubit

neural network proposed by Matsui and colleagues [23] has been integrated into a neural network composed of qu
neurons to test pattern recognitiordasimilar problems within the neural network.

Figure 4 summarizes the advantages and disadvantages of the described quantum neural network models. Each m
has been developed using quantum mechanics properties in different ways and has variousragpfitans. The
advantages and disadvantages listed in the table reflect the factors that should be considered when choosing tr
models. The performance of the models will be influenced by application requirements and the proper utilization o
quantuméchnology. Therefore, it's important to carefully examine the table when determining which model is more
suitable for a given situation.

Quantum
Neural Network Advantages Disadvantages
Model
. May h. limited | in, acity.
Quantum M-P It is a model developed based on quantum Eff?;ﬁ:;euslglgf u:iizlmgfgzarels\;s
Neural Network properties. It provides fast learning. au
required.
Variational It effectively moves nonlinear operations l‘sﬁ"e.:g;ig:gnaenl;a::;e (;fsgilé?l?ttug‘f
Quantum Circuit from classical computers to quantum 2 R ten Y .
NeuralNetivorks processors. environmental uncertainties to affect their

results.

g By combining the strengths of classical Its design and optimization is complex. The
Hybrid Quantum ¥ 5 £ AR 2
and quantum devices, it may be possible limitations of quantum devices may cause
Neural Network : . P :
to solve more complex problems. implementation difficulties for this model.

It has quantum learning abilities and
Qubit Neural efficient learning capacity. It can achieve
Network effective results in areas such as data
compression and control problems.

Quantum computations need to be
performed stably and reliably. Calculations
can be complex and require high
computational power.

Figure 4. Advantages and disadvantages of quantum neural network models.

3. Literature Research and Applications

In this section of our paper, we aim to provide readers with insights into the usage areas and applicability of QNN
by discussing current literature research and applications we previously mentioned.

In the article [24], the authors proposed a hybridiappbn aiming to recognize handwritten characters by adding a
guantum convolutional layer to a model based on convolutional neural networks (CNN). This model processes inpt
data through the quantum convolutional layer to generate feature maps. Thenoamolutional filter operates

on spatially local subregions of the imaggabsequently, these subregions are encoded into quantum states, passec
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through a random quantum circuit and subjected to a decoding process. In the experiment, both the wahvolutio
neural network model and the proposed quantum convolutional model were used. When the size of the trainir
dataset was smaller, the proposed quantum model outperformed the classical CNN model; however, as the date
size increased, the accuracy diffiece between them decreased.

In the article [25], a new model called Hybrid Quantum Convolutional Neural Network (HQCNN) is proposed and
utilized for the classification of symmetprotected topological (SPT) phase data. This paper aims to expedite the
training process by combining a traditional fully connected network with a quantum filter. The quantum filter extracts
features from the data using quantum convolution (QConv) and quantum pooling (QPool) layers, followed by the
activation of a fully connectke neural network. The HQCNN model with 4 quantum filters exhibited superior
performance compared to other models with 1, 2, 3 and 5 filter, achieving a classification accuracy of 99.22% on te
data. The results demonstrate that the combination of quditien® and traditional neural networks is an effective
approach in the task of SPT phase classification.

In the article [26], the Parallel Sefirganizing Neural Network (PSONN) architecture presents an approach using
errors guided by fuzzy measures ancbirporating quantum integrators for backpropagation. The Quantum Version
of Parallel SeHOrganizing Neural Network (QVPSONN) architecture performs processing in multiple stages for
denoising color images and extracting pure color objects. Initiallyr tolges are divided into segments, which are
then sent to QMLSONN (Quantum Multayer SelfOrganizing Neural Network) for parallel processing. During

this process, the QVPSONN architecture adjusts weights using the quantum backpropagation algortifyn to re
errors in the object extraction process. The experiment was conducted on both syntheticwwoddrémlages,
revealing that QVPSONN outperforms PSONN in terms of image extraction quality and processing time.

In the article [27], a QNN and Quantudenerative Adversarial Networks (QGAN) were developed for binary image
classification. The proposed QNN model, designed specifically for binary classification, so dataset has been creat
by selecting only the digits 0 and 6 from the MNIST handwrittert digiaset. Subsequently, the QGAN model was
utilized to generate new data samples based on examples from the original dataset, thereby augmenting the dats
To adhere to the qubit limits in the model, the dimensionality reduction method Principal Cobpoalgsis (PCA)
was employed. The proposed quantum neural network (QNN) model in the article was designed using th
TensorFlow Quantum library. It's mentioned that the proposed QNN model consists of four dense layers, which ai
organized in the followingequence:

A The data size is reduced.

A Data is transformed into quantum information using the Projected Quantum Kernel Feature (PQK) technique.

A The transformed data serves as input to each layer of the model.

A Throughout the training of the QNN model, hyperpameters are optimized, and training is conducted.

[25]
The model trained with 12,000 image data points and it was tested using 2,000 data points. Test results were compa
with a Fully Connected Neural Network (FNN), and the proposed QNN model achievedgegioemance than the
FNN model. The QNN model attained an accuracy rate of 98.6%, precision of 98.5%, sensitivity of 98.8%, anc
specificity of 98.5%.

In the article [28], a Hybrid Quantum Neural Network (HQNN) is proposed for predicting the respainggsoin

cancer cells, which combines graph convolutional, convolutional, and fully connected layers. The application use
the GDSC dataset, the largest database containing information on cancer cell line susceptibility to drugs and gene
relationshipsWhen tested on a reduced dataset consisting of 5000 training and 1000 testing drug/cell line pair:
provided by the dataset, the quantum model outperformed the classical model.

The article [29] explores the feasibility of using the QNN algorithm for breaster diagnosis. The QNN model
employed the actual breast cancer dataset and achieved success in training and data réMbgmitmmpared to
classical Convolutional Neural Networks (CCNN) for mammogram image diagnosis, our study showcases the
advantge of QNN in providing higher accuracy in a shorter training time. From this examination, it can be concluded
that the commercial utilization of real quantum computers would be a powerful tool for detecting breast cance
rapidly and with high accuracy.
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In the article [30], an experimental application of quantum neural networks for recognizing and analyzing facial
patterns is presented. Using Principal Component Analysis (PCA), the most significant features of facial pattern
from the LFW facial dataset werextracted. The extracted data was then used to train QNN, and the system was
tested using programs developed in the Matlab language. When the system was tested using faces of 5 differ
individuals, it achieved a Total Classification Accuracy (TCA) @8

In the article [31], a hybrid approach combining classical Convolutional Neural Networks (CNN) and QNN is used
to detect amplitude shift keying cybattacks in a Controller Area Network (CAN) dataset. The dataset was generated
by subjecting CAN dataecorded from a KIA Soul vehicle to amplitude shift keying attacks. In the experimental
phase, CAN data was first transformed into feature maps using a classical neural network (CNN), and these ma
were further transformed into quantum data using quaetwading. The transformed data was then used for attack
detection with a QNN. This QNN is a customized quantum classification model to detect attack using quantum dat:
The hybrid system was compared with a standalone quantum neural network (QNN) ag&adwherm Memory

Neural Network (LSTM NN). The models were developed using the TensorFlow Quantum library and tested on the
provided Cirg simulator in the same library. The hybrid QNN, standalone QNN, and LSTM NN achieved accuracy
rates of 93.9%, 62.09and 87.8%, respectively, with using their respective test datasets. The experimental results
demonstrated that the hybrid network was more efficient in detecting complex cyber attack patterns. Finally, it wa
concluded that the hybrid quantum neural neknsmuld be extended to detect other types of cgliaicks as well.

Figure 5 depicts the success probabilities of the quantum neural network method proposed in some of the descrik
articles and the compared classical methods. Success rates obtainfthjraith 3500 training images and 1500

test images, success rates obtained from [26] foiwedt images exposed to noise with the same ratios, accuracy
rates achieved through standard performance metrics on 12,000 handwritten images trained astlig@@@@s$ in

[27], a performance rate difference of 15% calculated based on the mean squared error function in [28], and tf
success rates of the proposed hybrid quantum neural network and the LSTM neural network in [31] are sequential
displayed.

Proposed Quantum Method Proposed Classical Method

100

SUCCESS RATES

[24] [26] [27] [28] [31]

Figure 5. Comparison of proposed quantum methods and classical methods
4. Conclusion

This research has demonstrated that quantum neural networks yield impressive results, particularly in data analyt
and classification tasks, compared to classical neetalorks. These networks stand out for their ability to uncover
complex relationships and patterns that traditional methods might struggle to solve. Thanks to the computation:
power of quantum systems, they can achieve higher accuracy rates even afi dasemsufficiency or complexity.
Furthermore, quantum neural networks draw attention with their enhanced data processing and modeling capacitit

The conducted studies are gaining popularity and it has been observed that the performance of queaitum ne
networks can be further enhanced, also their application can be extended to various types of problems. Althou
concrete applications on quantum computers are not currently feasible, many experimental results hold great prom
for the future.
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Abstract

Deformations in retinal vessels inform us about dangerondittons such as glaucoma, macular degeneration, and ophthalmic
diseases. Manual segmentation of retinal vessels from fundus images is challenging faretiid physicians. Deep
learningbased automatic segmentation methods have recently succeedednienting organs and vessels. This study
emphasizes a fully automatic deep learraged retinal blood vessel segmentation method to help specialist physicians. The
most crucial innovation in the proposed architecture is applying the hybrid convaadfomnque. The model based on the Unet
architecture uses standard convolution and Depthwise separable convolution together. This way, the number of parameters |
been reduced significantly. In addition, the deptke separable convolution enables theppeed architecture to focus on high

level features along the channel and depth. The proposed architecture achieved a 99.6% dice score in the DRIVE dataset. T
obtained score showed that the proposed model is very robust.

Keywords: Unet, depthwise sepdrie convolution, layebased hybrid convolution, retinal vessel segmentation
1. Introduction

The Fundus camera is used to view the fundus region formed by the inner and posterior surface of the eye. Disea
such as glaucoma, macular degenerationriestderosis, and oth@phthalmolodr disorders can be detected in the
images obtained from the fundus camera[l]. The fundus camera allows a view of the blood vessels in the eye, op
disc and pit, fovea, and other elements such as the retina [2]. Thanks to fundus images, it allowsasie dfagn
ophthalmological and ocular diseases. However, manually segmenting vessels and observing differences in vess
in fundus images is timeonsuming and challenging [3], [4]. In addition, diagnostic differences that vary among
physicians are anothproblem. In addition, diagnostic differences that vary among physicians are another problem.
Due to the difficulties of manual segmentation from fundus images, examinations with ceaigetetechnologies

have become increasingly important in recent yeaesp learning (DL) architectures with convolutional neural
networks (CNN) layers trained using effective data processing techniques have started to show superior performan
as computenided diagnostic methods in recent years [5]. The emergence of-Wet Brchitecture in organ
segmentation has revolutionized deep learhiaged biomedical image analysis [6]. The contributions of this study,
which was obtained by making various modifications to tHedt architecture, to the literature are as follows:

1 The computational cost is considerably reduced by using depthwise separable convolution in the
convolutional layers of the et architecture.

1 Thanks to the depthwise separable convolution, the network gives more importance to-kinechiglatures
in the image, both channel and spatial, for more precise segmentation of vessels in retinal blood vess
images.
Figure 1 shows some image examples and basic facts from the DRIVE dataset.
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Figure 1. Examples from the DRIVE dataset

2. Related works

Many researchers have focused orshhped and Mhaped DL networks. Among these researchers, Gu et al.
proposed a bottorap and topdown deepcontrolled CNN network in the method they named BISN [7]. Arsalan
et al. proposed the PLRSet architecture, which deices pooling time and preserves feature maps of blood vessels
by using residual blocks without a pooling layer. In addition, thanks to thespaial information, the loss is rapidly
reduced, and convergence becomes faster [8]. The attention mobligewith stepped residual blocks (CRAUNet)
proposed by Dong et al. uses a DropBlock module added to the residual blocks to prevent overfitting. Thus, low ar
high-level features are equalized to highlight the boundaries of the segmentation region [9kt\&lapgoposed a
contextsensitive network (CANet) with multiple expanded convolutions at different rates to obtain contextual
information at a multscale [10]. As detailed by Hussain et al., dilated convolutiomMet)(DilU-Net) is a CNN
architecturehiat upsamples by combining hitgvel features from different decoders [11]. Lin et al. proposed the
StimulusGuided Adaptive Transformer Network (SGAVet), which includes inductive bias and satfention
mechanisms for retinal blood vessel segmentalibis architecture proposes an approach that captures details in the
image with a residual block encoder[12].

3. Methodology

This section gives information about the data set used for training and testing, the architectural structure of tt
proposed mthodology, the loss function, and the performance metric used.

3.1. Preparing the dataset

DRIVE dataset consisting of fundus images was used in the training and testing stages of the proposed method [1
The DRIVE dataset consists of 40 color fundusges, 33 of which are natiabetic and 7 of which are diabetic.

The dataset contains 20 training and 20 test images. The original images in the DRIVE dataset are in TIF format wi
565 x 584 pixels dimensions. The ground truth images are 565 x 584 alifd fior@at. The images in the dataset

and their basic facts were first converted to PNG, a-bigility image format. The training data was increased to
810 by applying various data augmentation methods such as random crop, flip vertical, flip horlgolegiritht,
random zoom, an 6 tothaimagesmonveded @ PNG(fdkh0 Some images obtained after the data
augmentation techniques applied to the data set are shown in Figure 2.
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Figure 2. Sample training set images obtained frdata augmentation methods
3.2 Details of the Proposed Architectures

The architectural structure of the proposed methodology is shown in Figure 3. It is obtained by replacing the secor
layers in the binary standard convolution blocks in the Unet antbie with the depthwise separable convolution
layer. 2 x 2 filters were used in the standard convolution layers, shown in orange in both the encoder and decod
blocks. In the depthwise separable convolution layers, 3 x 3 filters for depthwise comvahuid x 1 filters for
pointwise convolution were used. Unlike the standard convolution, thanks to the depthwise separable convolutior
high-value features in the images are monitored spatially and in channel size, resulting in better network performanc
In addition, the computational cost is significantly reduced, and a solution is brought to the hardware limitations

Besides, the proposed architecture uses ADAM as the optimization algorithm and ReLU as the activation functio
[14].
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Figure 3. The prgosed architectural structure



3.3 The Dice Loss Function

The cost calculated for the backpropagation of the proposed architecture is based on the Dice Loss(DL) functio
Dice loss and its derivatives (hybrid loss functions) are among the most usddnctions in segmentation in the
literature. Dice loss is obtained by subtracting the Dice Similarity Coefficient (DSC) from 1. In DSC, TP stands for
True Positives, FP stands for False Positives, and FN stands for False Negatives. DSC and DL méthematic
expressions are shown in Eq. 1 and Eq. 2.

DSC = (2*TP)/(2*TP+FP+FN) 1)

Dice Loss=1DSC (2)

3.4. Performance metric

For the perforrance measurement of the proposed architecture, DSC, which is one of the most used coefficients i
the proposed methodologies for segmentation in the literature, was used. The mathematical expression of DSC
shown in Eqg. 1.

4. Experimental results and dscussion

41Model 6s i mpl ementation details

ADAM optimization algorithm was used to optimize the parameters of the proposed model, and the learning rate we
chosen as 0.0001 after experimental studies. The proposed model has been trained and tegted\MEDIA
GTX_1080_TI graphics card ardhaconda ecosystem with Pytorch cuda library version 1.TB4 DRIVE dataset

is fed into the proposed architecture with dimensions of 565 x 584 and 3 channels. In addition, the mini batch_siz
was chosen as 2.

4.2 Ablation studies

The proposed model was first tested with an architecture from 16 channels to 512 channels. Then, the encoder stal
with 32 channels and ended with 512. However, the most ideal result was obtained with the model from 64 channe
to 512 channels. Table 1 shows ablation studies for 25 epochs. In addition, since the input channels of the propos
model are 64 and the batch_size is set to two or higher, Cuda offers sharing with the help of a ram accelerator, so
trainingwasrelatvgl sl ow. That és why it set the batc_size to
convolutional layers in the convolutional blocks had depthwise separable convolutions.

Table 1.Ablation studies for 25 epochs
Number  of  startig Training Validation Test

Architecture channels DSC(%) DSC(%) DSC(%) Epoch
Unet Wlth Layefbased hybrid 16 03 933 o4

convolution

Unet Wlth Layerbased hybrid 32 o5 95.6 %

convolution o5
Unet Wlth Layefbased hybrid 64 99.9 99.4 9

convolution

Unet W|th Layefbased hybrid 128 97 974 o8

convolution
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4.3 Performance analysis on the DRIVE dataset

The training and test DSC performance values of the proposed model in comparison with the basic Unet model a
shown in Table 2. As can be seen from Table 2, se&n that the proposed model is a robust model with a test
performance of 99.6% in both parameter and performance measurement results.

Table 2. Comparative performance results

. Training Validation Test Epoch
Architectures Methods Parameters(M) DSC(%) DSC(%) DSCE6)
: Fundus
Baseline Unet ) 7.7 99.7 99.4 99
Images -
Unet with Layefbased hybrid ~ Fundus
. . 51 99.9 99.8 99.6
convolution images

In Figure 4, the prediction and ground realities of the proposed model are shown comparatively. It is seen that tt
estmated values in the qualitative analyses are almost the same as the ground truth images.

Image Y _true Y_pred

Figure 4. Qualitative analysis of images predicted by Unet with Ldgsed hybrid convolution method

The proposed model is a robust model. However, when téeuof parameters in the model decreases, it is seen
that the model tends to fail in the training test stages. Hag®ed hybrid convolution can be used to reduce
computational costs in very high parameter and complex models.

5. Conclusion

To the besbf our knowledge, this study performed a labased hybrid convolution for the first time. The proposed
methodology performs standard convolution in the first layer in each convolutional block and depthwise separabl
convolution in the second layer. Depibe separable convolution has enabled the number of parameters to be
significantly reduced. Reducing the number of parameters in complex models is essential due to computation.
limitations. More importantly, it provides better feature extraction astéris to layers both in channel depth
dimension and spatially. However, the depthwise separable convolution performance in architectures with lov
parameters gradually decreases. A new computational approach is considered in future studies, including gra
structures distinct from convolution.
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Abstract

Quantum and reversible circuits may need to be represented in differentl@g@gnding on their intended use. Different formats

are used to represent these circuits in different environments. Researchers in the field of applied quantum computitig may ne
different forms of quantum circuits, and they perform this conversion mgnbmethis study, a tool is developed to automatically
convert quantum circuits kept in tfc format to OpenQASM and Quirk environments to facilitate researchers working in the field
of applied quantum computingVith the developed tool, it is aimed to make process, which is performed manually in an
errorprone and tim&onsuming manner, quick and without errors. The tool, which is coded in the Python environment, includes
two main modules. These are the tfc20penQASM and tfc2Quirk modules. The mokeldeetHc file path as input, and check

the compatibility of the gates used in the tfc file with the environment to which it will be converted. If appropriatesérsion

is performed by rukbased, and the output is the converted format. We hopthéhdeveloped tool will provide convenience to
researchers working in the field of applied quantum computing.

Keywords: applied quantum computing, machine readable form, OpenQASM, Quirk, reversible circuits, tfc
1. Introduction

Reversible circuits arercuits that produce the same result when a series of operators repeat in revef$g otuer
circuits used in quantum computing must be reversible circuits, so the gates used to create the circuit must |
reversible gates. For example, the NCT (NOT, CNOT, and Toffoli) gate cluster consists of reversilpi}. y&fte=n

a NCT gate is applied twice, the original input is obtained as a result of the reverse of reverse. Today, quantu
computers can operate gates of only 1 or 2 qubits. However, the Toffoli gate can be operated thanks to a set of ge
that conssts of one or two qubif8]. In theoretical reversible logic, muljubit notations can be used as a practical
representation, although they cannot be operated by real quantum computers. MCT notatior@o(ittolted

Toffoli) are examples ahese notations. There areXhcontrol qubits and 1 target qubit in n qubit MCT notations.

For MCT notations, if all control qubits satisfy the condition, NOT operation is applied to the target qubit. MCT
notations basically have the ability to exprBl&3T, CNOT, and Toffoli gates. The NOT gate can be expressed as a
1-qubit MCT, the CNOT gate as adqbit MCT, and the Toffoli gate as agBbit MCT. The symbol t is used to
represent MCT notations in a reversible circuit expressed in machine readable(fdon]. In this format, the

NOT gate is denoted by t1, the CNOT gate t2, and the Toffoli gate t3. A general MCT gate of n qubits is denoted b
tn. The expressions after the symbol tn represent qubits andtlogiltet is often used as the target qubit. The NOT,
CNOT, Toffoli and MCT gates/notations used in this study are given in Table 1.

1Corresponding author



Table 1.Essential quantum gates used in this s{&ily

Gate L
Name Symbol Mission
PaulkX —p— Take the inverse of the qubit
(NOT) d
Controlled
Not Take the inverse of the target qubit only if the
(CNOT) control qubit is 1
Toffoli Take the inverse of the gt qubit only if the
(CCNOT) control qubits are 1
Multi . . . .
: Take the inverse of the target qubit only if the
Controlled . ; o o .
. control qubits are satisfied the condition. If it h
Toffoli . ; .
(MCT) only 2 control qubits, the gate is called Toffoli

The reversible gates are not limited to NOT, CNOT, Toffoli, and M&T However, only MCT based quantum
gates that can be expressed with tfc filesiacluded in the study. Tfc files are preferred in the representation of
reversible circuits because they are easy to express and understand theoretically. There are many example revers
circuits stored in tfc format on the RevLib web §itg However, they need to be converted to a suitable format in
order to run them in a simulation environment or on physical computers. Researchers working in the field of quantur
computing have to perform this conversion omty. OpenQASM is another representation used for quantum
circuits [8]. Quantum circuits can be modeled with this language in services offered by service providers such a
IBM [9]. Modeled quantum circuits can be run on simulation or physical quantum computers. On the other hand, th
Quirk simulator developed by Algassert offers a practical use in real time and is a popular simulation environmern
preferred by reseahers in this field10].

In summary, quantum circuits can be expressed in different ways (formats). Tfc, real, OpenQASM, Quirk are amon
thedifferent forms of representation. Reversible circuits represented in tfc format can be opened through applicatior
such as RCViewer+, and quantum circuits can be compared and optitdikeleh addition, files in .tfc format can

be converted to .real format with RCViewer+. However, tfc files may need to be converted to OpenQASM languag
to run on simulator or real backends. Or these circuits may need to be convertedtforere@ghulationin Quirk
environment. In this study, a tool has been developed to convert tfc files to OpenQASM and Quirk formats in orde
to save time for researchers in this conversion process.

2. Tfc, OpenQASM, and Quirk Formats

This section describes the tfc, Opek®M and Quirk formats used to represent quantum circuits in different
environments. Machine readable format (tfc, real) is used for practical storage of reversible circuits. Operations suc
as viewing, plotting and optimizing reversible circuits expregsaaachine readable format can be performed with

the application named RCViewef#2], [13]. This application supports conversion between tfc and real formats. On
the other hand, OpenQASM is the generally used representatiqndntum circuits. Apart from these, there is a
URL syntax rule for displaying quantum circuits in the Quirk environment. Researchers studying in the field of
quantum computing may need to make tfc files suitable for OpenQASM and[Q4jirk

Tfc files are a format created for 8t@ reversible logic circuits. According to this format, the features that tfc files
should have are given beldd3]:

All variables must be specified with 6.vé, and 6, 0
Variables that take input should be expressed with .i (.ia,bs EGhevar i abl es must be defi
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Out put variables should be expressed with .o (.0 b
is not specified, the inputs are used as output.

Quantum notations are written betweba BEGIN and END tags. There must be at least one notation between the
tags.

The # symbol is used for comment lines.

In tfc files, NOT, CNOT, Toffoli and MCT gates/notations can be represented respectively as "t1 a;", "t2 a,b;", "t3
a, b, c; ", d.nrde tf¢ format @presentation of the sample quantum circuit including NOT, CNOT and
Toffoli gates is given in Fig. 1.a. Diagram of the quantum circuit after opening with RCViewer+ is given in Fig. 2.b.

# comment line = E 4
2 .V a,b,c
' .i a,b,c
.0 a,b,c
5 BEGIN
5 tl a d d

t2 a,

t3 a,b,c b b
9 t2 b,

10 t3 a,c,b c -1
11 END

B COM S |fd @[ & Pd| R

0O oo

() (b)
Figure 1. Example quantum circuit representation in tfc format (a) tfc file format, (b) RCViewer+ screenshot

Operations such as circuit cost calculation on reversible circugsmedl in this format can be practically performed
with RCViewer+. Calculating the circuit cost is important to measure the efficiency of algorithms in quantum
computing. Usually, quantum circuits are stored in RevLib with this cost yAlu€he cost metrics calculated by

the RCViewer+ of the guantum circuit given in Fig. 1 is given in Table 2. With this application, it is possible to
perform simple optimization operations such as simplification of sequentss. gat

Table 2.Cost metrics by RCViewer+ for the quantum circuit in Fig.1

Number of input/outputs 3
Gate Count 5
Quantum Cost 11

Two-qubit cost model:
Number of twequbit gates 12
Number of onegqubit gates 1

For the most general universal reggatation of quantum circuits, QASM is used. Quantum circuits expressed in the
OpenQASM language can be run in environments such as IBMQ Expefigijcén the OpenQASM language,

NOT, CNOT and Toffoli gates are supported amtimg gates given in Table 1. It has been stated that quantum
computers can operate 1 or 2 qubit gates, and the Toffoli gate is operated using an equivalent gate set of 1 an
qubits[3]. Although the representation of MCT notations is possilile Toffoli gates, disadvantages such as the
use of extra qubits may arigk6]. In the OPENQASM language, qubit and classical bit numbers must be defined
first. In OpenQASM, NOT is expressed as "X q[t];", CNOTxpressed as "cx q[c], q[t];" Toffoli is expressed as
"cex g[el], q[c?], q[t]", where t is the target and c,c1,c2 are control qubits. The example quantum circuit given in
Fig.1 and its OpenQASM version are given in the Fig. 2.
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include "gelibl.inc";

o el o Q@
creg c[3]; al11
x gql@]; o
cx gl[e@], ql1]l; al21

Pt pa

ccx ql@], ql1], ql[2];

cx q[1], gl@];

ccx ql@], ql2], q[1];
(a) (b)

Figure 2. Representation of the example circuit in Fig. 1 with OpenQASM language, a) OpenQASM language, b) IBMQ

Experience screenshot

o =1 On N

-
L

0

In the code written in the OpenQASM language, first definitions are anadiéhe library is included in the project.

The numbers of quantum bits (qubits) and classical bits are defined with qreq and creg words respectively. Classic
bits are used for reading outcomes, and collapsed qubits are stored in classlta hited that the first qubits are

the control qubits and the last qubit is the target qubit for the gate operations.

Quirk, on the other hand, is a rdhe simulation environment that enables the simulation of quantum circuits. It
offers practical use forircuit corrections as the effects of added and removed gates are observed instantly in the
Quirk environment. Quirk is a wdllased simulator and the screenshot of the quantum circuit created in this
environment is given in Fig. 3. For the representatiath@ftircuit in the figure, the following expression should be
added to the Quirk url addregsc i r cui t ={"col s" : [ [ " X", [ "A","x"1,["A"
format, each substring in the cols array represents the columns inathteimucircuit, that is, the gates at the same

tn runtime. The screenshot of this expression created by the Quirk simulator environment is given in Fig. 3. As it i
shown in the figure there are 5 gates executed in 5 different tn runtimes. In this wagtdiédients are denoted by
AX6 and contr ol statements by AA0 symbol. Thus, a
notations. Thus, a generalized structure is obtained for the representation of MCT notations, including NOT, CNOT
and Toffoli gat es. [ AXO] in the given expression a
used are shown as 1. The absence of a control qubit means that a NOT gate must be applied to the first qubit. Wt
looking atthe lastcolumnhe expression ["A","X","A"] shows. Her e
the control qubits and the second is the target qubits. Therefore, this gate refers to the Toffoli.

/ N T
)
10 NP,

Figure3.Qui rk screenshot foX"fheé¢ "dxprddsim&xn ][ XX, [ AAT

3. The Developed Tool

In this study, conversion of a reversible circuit stored in tfc format are carried out to express it in OpenQASM anc
Quirk. OpenQASM is a quantum circuit representation language also usBMuantum Experience. Quantum
circuits modeled in this language can be simulated or run on real quantum backends. On the other hand, Quirk i
web-based practical simulator, which allows to create circuits in line with the parameters coming from the ur
Information about tfc, OpenQASM and Quirk formats is given in the previous section. The tfc version of the quantun
circuit that sums two-gubit inputs and overwrites the output on the 2nd input is given in Fig. 4.a. The RCViewer+
screenshot of the cud is given in Fig. 4.b.
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1 # 2 qubit self adder circuit = E $’m| $|ﬁ"|?
2 # ba inputl, dc input2, edc output
3 .v a,b,c,d,e
4 .i a,b,c,d,e
5 .o a,b,c,d,e

6 BEGIN a a
7 t2 b,d
5 t2 b,e b —4&— b
9 t3 a,c,b
10 t3 b,d, e C A C
11 t2 b,d
12 t3 a,c,b d 4 o - d
13 t2 a,c

, an an
14 €2 b,d e 7 I e
15 END

(@) (b)

Figure 4. 2-qubit adder representation, a) tfc format, b) RCViewer+ screenshot

In order to convert tfciles to OpenQASM or Quirk environment, it is necessary to open the file and read the input
output number and qubit tags. In order to extract the necessary information from the tfc files, the line starting with .
should be read and the tags here shouktdyed in an array. The elements in the array represent qubits, and the qubit
order will be used instead of the label in the transformed circuit. In order to providenirtput flexibility in the
developed tool, the restrictions imposed on these havbeawst taken into account. After reading the number of
qubits and tags, appropriate meta information is generated if necessary. Then the lines written between BEGIN a
END are read step by step. At this stage, it is necessary to ignore the blank liremvihrsion of the gates written
between BEGIN and END should be provided appropriately. This step differs depending on the OpenQASM or Quirl
environment. Since MCT notations are not supported in OpenQASM, the module will fail if there are gates othel
thanNOT, CNOT and Toffoli. The pseudo code for converting tfc files to OpenQASM is given in Table 3.

Table 3.Pseudo code for converting tfc to OpenQASM
1- Read the tfc file
2qubit _| abel s[] = split the Iine which s
3- Print OpenQASM metadata
4-tLine = read the lines from BEGIN to END:
4171 f tLine == 66 than go to step 4.
4271 f the gate in the tLine has a gate
4.3.1 Read the qubit labels in ttieine
4.3.1.1 If qubit number == 1: than apply x gate to corresponding qubit order in qubit_|
4.3.2.1 Else if qubit number == 2: than apply cx gate to corresponding qubits
4.3.3.1 Else if qubit number == 3h&in apply ccx gate to corresponding qubits
4.4.4.1 Else: Error and go to step 5.
5- End

Since the tfc and OpenQASM structures are similar to each other, as can be seen in Table 3, a practical convers
can be made as x if t1, cx if t2,cancx if t3. The Python code of the method whose pseudo code is given in the table
is given in Appendix A. After the-gubit adder tfc file given in Fig.4 is given as input to the module, the OpenQASM
output in Fig. 5 is obtained. OpenQASM output is shaith a red rectangle in Fig 5.b. In order to change the inputs

of this circuit, the NOT operation is applied to the qubits g[1] and q[3]. Since the inputs q[3]q[2] and q[1][0] are 10,
the output of q[4]q[3]q[2] is 100.
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include "gelibl.inc"; . e e e e — = = 1

_ I *
greg ql5]; |
creg c[5]; q[1]
ex g[l], gq[3]; . e: o I !
ex q[1], ql[4]; q[2] I L |

ccx ql@], ql2], ql1l; I

cex gql[1], ql31, ql4]; q[3] °| 1 o

9 eox gl[1l, ql31; [
18 ccx q[@], ql2], ql1]; | o
11 cx g[e]l, q[2]; S T e === -
12 ex q[1], q[31; '
(@) (b)
Figure 5. Converted OpenQASM format of Fig.4, a) OpenQASM format, b) IBMQ Experience screenshot

O 00 =1 O 0 = ) P

100110,

The conversion process for tiguirk simulator is a bit more complicated. As explained in the previous section,
circuits in Quirk are not expressed by gates applied to rows, but by gates applied to columns at runtime tn. Therefol
in order to perform this conversion, it is necessaryrite the relevant sign in the order of the qubit in which the
gate is applied by using the nested for loop. There are three possibilities here. First, the gate is not connected to
qubit, which in this case is expressed as 1. Secondly, the gate tsatiorthe qubit, but this connection is not the last
connection, in this case it wildl be the control qut
qubit is located in the last element of the gate, the qubit is the target mptésented by the "X" sign. The tfc to
Quirk pseudo code is given in Table 4. The Python code of the pseudo code given in the table is available in Appenc
B.

Table 4.Pseudo code for converting tfc to Quirk
1- Read the tfc file

2- qubit_labels[]=pl it the |l ine which starts wit
3- tLine = read the lines from BEGIN to END:
31i1lf tLine == 66 than go to step 3.

32ilf the gate in the tLine has a gat
3.3.1 For each qubit label (g1) in the tLine:
3.3.11 For each qubit label (g2) in the qubit_labels[]:
3.3.1.1. If g1!=g2: than add 1 to URL
3.3.1.1. I f qgql==9g2 and g1 is no
3.3.1.2. If g1l==g2 and q1 is the last element: than add "X" to URL
4- End

The tfc file of the 2Zqubit adder example in Fig. 4 is given as an input to the module. The output of the module is
given below:

https://algasset.o m/ qui r k#circuit ={%22col s%22:[[1," A", 1,"XxX",
[, A", 1,"x", 1], ["A","x", A", 1,11, ["A",1,"X",1,1]
The Quirk simulator screenshot generated by this output is shown in the red rect&iglé i On this output circuit,

the NOT gate is applied to the 2nd and 4th qubits from the top. Therefore, as in the previous OpenQASM exampl
the ba and dc inputs are set to 10. In this case, the edc output is expected to be 100. The url expriegidorspe
each column has been added to the figure. I n this

shown by A*0 in figure) is used for control qubits
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https://algassert.com/quirk#circuit={%22cols%22:[[1,"•",1,"X",1],[1,"•",1,1,"X"],["•","X","•",1,1],[1,"•",1,"•","X"],[1,"•",1,"X",1],["•","X","•",1,1],["•",1,"X",1,1],[1,"•",1,"X",1]]}
https://algassert.com/quirk#circuit={%22cols%22:[[1,"•",1,"X",1],[1,"•",1,1,"X"],["•","X","•",1,1],[1,"•",1,"•","X"],[1,"•",1,"X",1],["•","X","•",1,1],["•",1,"X",1,1],[1,"•",1,"X",1]]}
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Figure 6. Quirk Simdator screenshot

4. Conclusion

In the field of applied quantum computing, researchers may need to represent quantum circuits in differer
environments. Since quantum circuits are stored in different formats in different environments, the conversior
process is carried out manually by the researchers. Automating thesedimmaming and errggrone works is
important in terms of preventing time loss and minimizing errors.

In this study, it is aimed to transfer reversible circuits stored with tfc fileseéaQASM and Quirk. Quantum circuits
containing NCT (Not, CNOT and Toffoli) gates can be converted to OpenQASM code from the tfc files thanks to
the developed tool. Since generalized MCT gates include NCT gates, they can be expressed in Quirk simulator. A
result, the developed tool has the ability to transfer quantum circuits containing MCT gates to Quirk simulator. The
developed tools are coded in the Python language and presented in the appendixes. It is hoped that the developed
will provide practiality for researchers in this field.
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Appendix A

import re
[1] def tfc20penQASM (filename):
f = open(filemname, "r")
tfcfile = f.read()

#Reading qubit layers and numbers
variablesLine = re.search(v.*, tfcfile).group()
variables = variablesLine.split(" ")[1].split(",")
qubit_number = len(variables)

strOut = "OPENQASM 2.@pinclude\"gelibl.ind";\n"
strOut += "greg qg["+str(qubit_number)+\§;
strOut += "creg c["+str(qubit_number)+;"

#Reading the lines after the BEGIN tag
tfcCodeBlock = tfcfile.split("BEGINN")[1]
tfcCodeLines = tfcCodeBlock.splitfi")
for i in range(len(tfcCodeLines)):

if(tfcCodeLines]i] == "" or tfcCodeLines[i] == "END"):

continue

gateAndQubits = tfcCodeLines]i].split(" ")
if(gateAndQubits[0][0] !="t"):

strOut = "Unsupported Operato
break

qubits = gateAndQuibits[1].split(",")
if(len(qubits)==1):

strOut += "x q["+ str(variables.index(qubits[0])) +\f;

elif(len(qubits)==2):

strOut += "cx g["+ str(variables.index(qubits[Ph "], q['+ str((variables.index(qubits[1]))) + th"

elif(len(qubits)==3):

strOut += "ccx q['+ str((variables.index(qubits[0]))) + "], q['+ str((variables.index(qubits[1]))) + "], q['+

str((variables.index(qubits[2]))) + h"

else:

strOut = "Only Toffoli and lower gates are supported in OPENQASM "
break

print(strOut[:1])
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Appendix B
import re
[1] def tfc2Quirk(filename):
f = open(filename, "r")
tfcfile = f.read()

#Reading qubit layers amdimbers
variablesLine = re.search(v.*, tfcfile).group()
variables = variablesLine.split(" ")[1].split(",")
qubit_number = len(variables)

#Reading the lines after the BEGIN tag
tfcCodeBlock = tfcfile.split("BEGINN")[1]
tfcCodeLines = tfcCodeBlock.splitfi")

strUrl="https://algassert.com/quirk#circuit={%22cols%22:[";
for k in range(len(tfcCodeLines)):
if(tfcCodeLines[k] == " or tfcCodeLines[k] == "END"):
continue
gateAndQubits = tfc@deLines[k].split(" ")
if gateAndQubits[0][0] !='t":
strUrl = "Unsupported Operator"
break
qubits = gateAndQubits[1].split(",")
strUrl = strUrl +"["
for i in range(qubit_number):
urlChar="1"
for j in range(len(qubits)):
if variables[i] == qubits[j]:
url Char = ""
if j == len(qubits}1:
urlChar = "X"
break
strUd+= urlChar+'""
strUrl = strUrl[-1]+ "],"
if strUrl != "Unsupported Operator":
strUrl = strUrl[-1] + "]}"
print(strUrl)
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Abstract

Supply chains play a crucial role in health, as in many other sectors. Supply chains are used also to deliver medieiniss to pa
like all products used in the field of health. It is important that the drug is suppiedifie warehouses as soon as possible so
that patients can buy drugs from components such as clinics, pharmacies, hospitals, nursing homes. In this study, permutati
based genetic algorithms are used to reach drugs from warehouses to distribution shahra<linics, pharmacies, hospitals

and nursing homes in the shortest way. The solutions are arranged to be supplied drugs from the closest warehougésto distrib
centers in different locations. As a result of the experiments, it is seen thatiaggtedy between 1:22% more efficient process

is obtained compared to random distribution.

Keywords: Supply chain management, Genetic algorithms, Medical drug warehouses.

1. Introduction

With the increase in the human population, many basic needssiclothing, nutrition and shelter have entered into

a constantly evolving cycle. In order for this cycle flow to progress smoothly, different needs and concepts hav
emerged. The cycle flow basically aims to satisfy the product reaching the end tasersiof high efficiency and
speed performances. At this point, the supply chain process, which goes through until the product reaches the €
user, should be carried out smoothly. Supply chain management systems ensure that the product is delévered to
end user in the fastest and most efficient way. One of the sectors where supply chain management is most neces:
is the health sector. Procurement and storage of medical supplies or drugs is of great importance for healthce
institutions serving paties such as hospitals, clinics, and pharmacies. The health sector is one of the sectors wher
innovations are frequently experienced in order to reveal different health problems depending on the huma
population and to meet the demand for health needs.

Suoply chains are expressed as the whole of the stages that a product starts with the raw material supplier and reac
the end user [1]3]. The health sector supply chain is the whole of the processes from the manufacturer to the ent
user, including activies such as design, research and development, planning, purchasing, delivery and storage [4
The purpose of these activities is to prevent the disruption of the process and to ensure high efficiency. In order
eliminate the problem of product supplydactors that are in a flow, the products obtained through supply chains
must be preserved and stored under appropriate conditions. In this case, the need for supply warehouses for prodi
arises. For example, with the flow of the health sector, productsas medical electronic devices, hygiene products,
medical supplies, drugs are used. These products are kept in medical warehouses under appropriate condition:
order not to waste time on procurement as needed. As in every sector, accuracy in demsastsfis seen as the
basis of efficiency in the health sector supply chain. Because demand forecast accuracy is directly effective in stag
such as raw material supply for the product to be produced, production planning, inventory management, ar

1Corresponding author
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detemination of financial targets. Especially companies producing pharmaceuticals need to make better demar
forecasts. Any mismatch between supply and demand can adversely affect patients. Experiencing this situation in t
drugs that chronic patients shoulske continuously can cause loss of life as well as permanent damage to the patient
[5].

The supply chain is of great importance in the healthcare industry. Thanks to the supply chain, the supply of medic
supplies that are consumed and needed in théhrseadtor, which is in a loop, is provided quickly. The importance
and urgency of drugs and materials needed by patients is one of the factors that explain the importance of this sup
chain. Moreover, by analyzing the consumption rates, medical supphiese current amount is at critical levels,

can be procured in excess of the need and stored in medical warehouses [6], [7].

The distribution network of the healthcare industry pharmaceutical supply chain is shown in Figure 1. In Figure 1
where the drg distribution network is visualized, the formulations developed by the research and development tean
are combined with the raw materials, resulting in drug manufacturing. After manufacturing, the packaged drugs ar
sent to global warehouses via globalrigas. Medicines brought to local warehouses through local carriers are
delivered to patients if they are obtained from hospitals, pharmacies, nursing homes and clini¢$15], [8]

BaD Raw Maten|'ia| Supplier LL.
(Content Creator) Hospitals

Global

Local
Distributor _ | Distributor,

'
o ; - — — Patient
Production Packaging Primary Secondary
Warehouse

Warehouse
(Global (Local Nursing
Warehouse) Warehouse) Homes

Pharmacies

Clinics

Figure 1. Drug Distribution Network [5][13].
2. Genetic Algorithms

Genetic algorithm is a type of heuristic algorithm inspired by natural events. It is preferred for solving optimization
problems. Another reason for preference is that the genetic algorithm can be applied to more than one problem a
has a multisolutionstructure [16]. The main purpose of the genetic algorithm is to protect the strongest individuals
in the population and to discard the weakest individuals. In the genetic algorithm, it is aimed to create new generatiol
and increase the population in aadjity way with the transfer of similar genes in the remaining strong individuals
[17]. A genetic algorithm is a computational, populati@sed search technique that finds exact or optimal optimized
solutions for the survival of the fittest and fittest[i]19].The genetic algorithm aims to provide the best possible
solution as quickly as possible [20]. In order to do this, it allows the discovery and development of multiple potentia
solutions at the same time. Genetic algorithm aims to produce beltieeichby sharing certain gene traits from two
existing parents and inheriting them genetically [21].

Genetic algorithms are based on the logic of combining the genetic inheritance of two parents and certain gene tra
to create new individuals who intiiethe good traits of the parents. In order to change the genes in the reproduction

of new individuals, a structure expressed as a genetic operation is needed. Selection, crossover and mutation

commonly used genetic operators. By using genetic opsisioh as selected chromosomes, crossover and mutation,
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new offspring are created. With the help of the crossover operator, the good characteristics of the two parents selec
from the current population are used to create an offspring.

The mutation opator motivates the gene's potential to generate new genetic information. The aim is to derive ¢
different knowledge from the existing knowledge. Thus, the optimum solution area is expanded and the probabilit
of finding a more suitable solution increas€ke reproduction steps continue, being passed down from generation
to generation, until the desired solution or maximum evaluation is reached. The termination of the genetic algorithr
is usually accomplished by meeting the termination criteria.

3. The Prgposed Method

In the study, the distribution is optimized according to the nearest drug warehouses and the nodes where the drt
will be distributed. Considering the problem as a ranking problem, it can be compared to the traveling salesma
problem. Firstthe nodes to the warehouses are clustered according to their proximity. These sub nodes are the
efficiently visited using permutatiebased genetic algorithm. According to permutatbased coding, all nodes are
arranged in a nerepeatable manner to farchromosome structures. The visual of the proposed approach is given
in Figure 2.

Warehouse Modes

l_l

Get the next node (n)

.

Compare with all
warehouse

.

Assign n to nearest

warehouse
I

Are there any other
nodes?

Split groups

Are all groups

No Fetch the next grou
optimized? group

Y

* Genetic Algorithm

| Output | L

S |

Optimal route found

Figure 2. The proposed approach
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In genetic algorithms in the Figure 2, the crossover operation can be performed apaittgléoublepoint and
multi-point, similar togeneral genetic algorithms. An example of a doylaliet crossover is given in the Figure 3.

In Figure 3.b, it is seen that unsuitable chromosomes occur as a result of crossing two individuals. Because, in FigL
3.b, nodes 1 and 5 are located twice anfttst chromosome. As a solution, when we see repeated values in these
chromosomes, it is necessary to replace the first unused node with the repeating node.

(c)
Figure 3. Doublepoint crossover example in permutatioased genetic algorithms
a) determination of crossover points, b) performing the crossover, c) Optimizing the chromosome

In permutatiorbased genetic algorithms, mutation operation is usuallforpeed by swap operation. In swap
mutation, the contents of two genes are replaced with each other. Swap mutation example is given in Figure 4.

swap mutation

1 5 6 2 3 7 4 8

1 5 7 2 3 6 4 8

Figure 4. Example of swap mutation

4. Expreimental Results

In order to test thproblem, 5 warehouses and 40 nodes that need to distribute drugs are created synthetically. TF
nodes created represent components such as hospitals, pharmacies, clinics and nursing homes where drugs wil
delivered to the patient. In the problem, itassumed that the drugs needed by the nodes are available in all
warehouses. For more complex cases, it can be taken into account that some drugs are not available in so
warehouses or they are available in insufficient numbers. The locations of thdisghyhereated warehouses and
nodes are given in Figure 5. In the figure, red circles represent nodes, and black diamonds represent warehouses
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Figure 5. Locations of nodes and warehouses synthetically created

The following steps were followed to soltlee problem:

1- Group nodes by nearest warehouse

2- Calculate optimum routes with the help of Genetic Algorithm within the group

The optimum routes obtained as a result of the studies are shown in Figure 6. Here, the locations of the warehou:
are also andomly generated, and determining the locations of the warehouses according to the nodes may be t
subject of another research.
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Figure 6. Experimental results
In order to show the effect of the study, the nodes grouped according to the nearestiseateén they were

randomly sorted by brute force algorithm. The results of process, which was run 100 times and 1000 times, are giv
in Table 1.

Table 1.Min, max and avg distances of randomly generated routes for 100 and 1000 runs

Nodes Random 100 BExaution Random 1000 Execution Optimized
Min Max Avg Min Max Avg
Red 1.7632 2.9924 2.4281 1.7476 3.0633 2.4314 1.2222
Green 1.0250 2.0712 1.5266 1.0090 2.0712 1.5844 1.0052
Turquoise 1.8654 3.0810 2.5110 1.6436 3.2885 2.5079 1.1110
Blue 1.1283 1.9099 1.5513 0.9589 2.0378 1.5618 0.9158
Purple 1.0402 1.3194 1.1897 1.0402 1.3194 1.1824 1.0402
TOTAL 6.8221 11.3739  9.2067 6.3993 11.7802  9.2679 5.2944
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As a result of running 100 times, the costs of all nodes were found to be 6.8221 in total. As amasuilh@f1L000

times, this cost decreased to 6.3993. As a result of the optimization performed with the proposed method, the tof
cost is 5.2944. When these results are evaluated, it is seen that the proposed method provides approximately 2
according tdhe situation repeated 100 times and approximately 17% compared to the situation repeated 1000 time

5. Conclusion

The flow steps of distribution systems are of great importance for supply chains. It is more important that the supplie
in the medical #lds arrive quickly and without any problems. In addition to medical supplies, it is vital that medicines
reach patients as soon as possible. In this study, the process between warehouses that play an active role in the |
supply process to patients aodmponents such as clinic, pharmacy, hospital, nursing home has been optimized.
First, the closest warehouses to these components were determined. It is assumed that all required drugs are avail
in all warehouses. Then, the order of the componentsrisit be visited by each warehouse is optimized with the
help of genetic algorithms. As a result of the studies, it is seen that a more efficient process is obtai2¥dy 17
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Abstract

After the spread by digital communication like email, message and online meeting applications, automatic summarizing of th
dialogues or conversations become more important. In this study we focused on abstractive dialogarzationnby
transformers. Researchers and engineers solves different nlp problems by transformers with high performance. But training
transformer with high accuracy requires large data set and hardware which have high compute capability. So, nohaysresear
and engineers prefer to use{tr@&ned transformers like BART, T5, GPT etc. and fine tune thesegined models for a specific

task. There are so many grained transformers trained for summarization on the online platforms. Waufied fourmost

popular of these prirained transformers (BART, T5, LED, BlenderBot) for dialogue summarization task and compare their
performance by different criterions. Dialogsum dataset was used for the fine tuning operations. In the training phasedve obta
lowest loss value from fine tuning of the BART (0.72). BART also has obtained highest ROUGBRJGE2 and ROUGHEL

scores from the experiments. BlenderBot model has lowest ROUGE scores. T5 model has minimum trainable parameters a
BlenderBotmodel has maxinum trainable parameters. When the summaries produced by fine tuned models are examined, it is
seen that all models generate meaningful, accurate and highly successful summaries from the dialogue texts.

Keywords: Abstractive Summarization, Deep Learningaldg Summarization, Fine Tuning, Transformers

1. Introduction

Summarization applications are a very important area for natural language processing. There are summarizati
applications with two different perspectives, namely Abstractive and Extrastienarization. In extractive
summarization approaches, the obtained summary text consists of the sentences in the original text. Statistical
unsupervised techniques are generally used in extractive summarization applications [1]. In abstractive
summarzation applications, sentences that are not in the original text are usually produced by a neural architectur
In this study, Transformer neural architectures, which are frequently used in natural language processing and achie
high results, were usedsammarize dialogue texts. Transformers are a kind of enta#moder neural architecture.

With the special structures such as-sgiéntion and positional embedding in it, Seq2Seq is much more capable than
classical encoder decoders in solving probies. However, Transformers, especially used in text applications of
natural language processing, need a lot of training data and hardware with high computational ability and memor:
Companies such as OpenAl, Facebook, HuggingFace have developgeéitigghance Transformers by processing

very large data on hardware with high computing capability and memory in order to implement certain natura
language processing applications and presented them to users on online platforms. Researchers and engineers
wantto implement specific natural language processing applications perfortuifimg by applying a new training
process in these pteained Transformers. In this study, we finmed some prained Transformers that perform
abstractive text summarizatiamd compared each model obtained according to some criteria in the performance and
training stages. Before the detailed explanation of the proposed method, it is important to give the existing dialogL
summarization approaches14] in the literature inthis section to understand the importance of the subject and the
current methods used.

One study focused on summarizing patidottor dialogues using the mT5 grained Transformer neural
architecture [2]. The main purpose of choosing the mT5 modegisttitly is due to the fact that the model used can

1Corresponding author
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support different languages. Because the language of the dataset used is Chinese (Outpatient dataset).
performance of the proposed method was evaluated witHR2, R-L (ROUGE metric), BLEU and BERT®etrics.

The performance of the proposed method was determined as 0.2085 with thetRc. In another study, a neural
approach was developed for abstractive summarization of meeting recordings [3]. In the study, ari Erexmmbbsr
architecture was deloped in which BiLSTM layers and attention mechanisms are used. The proposed method wa:s
evaluated with the metrics-R R-2, R-3 and RL. The R1 performance of the proposed method was determined as
0.6834 and the R performance as 0.4993. In anotheudst a neural network approach with Transformer
architecture was developed for the dialog summarization problem [4]. The Transformer architecture used in th
developed method is BART. The proposed method was evaluated with the ROUGE metric as in puelésusisl
obtained 0.4786 R, 0.2564 R2 and 0.4473 R performances. Another study focused on the dialogue
summarization with a neural architecture in the Encod@ecoder structure [5]. The model developed in the study
performs sequence tagging andldg summarization processes together. The proposed method was evaluated with
ROUGE and BERT metrics, and SamSum was used as the data set. The iedewcdder architecture used is the
BART neural architecture. The proposed method yielded 0-#30RL89R-2 and 0.42 R_ scores. In another study,

a transformebased method was developed in which hierarchical relations were determined in the word and
expression coding phase, focusing on the inadequacy of classical summarization methods in terms ahiligtingui
personal pronouns [6]. In the proposed method, the SamSum data set was used for training and the ROUGE me!
was used to evaluate the proposed method. As a result, 0.47,3BZR266 R2 and 0.3967 R. scores were obtained.

In another study, an exsirtive summarization method was developed for customer relations dialogues [7]. In the
study, some predefined questions and key points were determined in the dialogue, and the summarization proble
was transformed into a machine's reading comprehensibtepravith a distance control mechanism. The proposed
method was evaluated with the ROUGE metric. Thk $tore was calculated as 0.4827, th2 $ore as 0.2985,

and the RL score as 0.4828. In another study, he developed a B#R&d transformer architacé by making use

of local and global relations in the dialogue to overcome the disadvantages of classical summarization methods
personal pronoun matching [9]. In the proposed method, SamSum data set was used and evaluation was perforn
with the ROUGHEMetric (R1:51.42, R2:25.18, RL:50.25). In a study, an abstractive dialog summarization method
was developed by using transformers with ALBERT and BARFtiai@ing [10]. The proposed method yielded
0.501 R1, .0.2664 R2 and 0.4622 R scores. In anothiestudy, the summaries of the news dialogues were extracted
using a method based on the interests of the users by using the reader profiles [11]. In the proposed method, BE
architecture was used to obtain sentence features. Theafthg of the proposenethod was determined as 0.863.

In one study, summarizing the dialogs found on developer platforms such as GitHub was performetlbinfine

the T5 model [13]. The proposed method was evaluated with a score of 0-82094R61 R2 and 0.5152 £3.

2. Proposed Approach

In this study, performance analysis was performed by performing fine tuningto&jred Transformer architectures

to perform the dialog summarization process. Neural perspective methods are generally used for abstracti
summarizatia. Training Seq2Seq architectures focused on natural language processing requires a lot of dat:
computation and memory costs. Therefore, researchers and engineers can perform fine tunirmaoredre
transformers with a smaller data set to solve spepifbblems. In this study, we performed a fine tune operation
using the DialogSum dataset of four different Transformer architectures with abstractive summarization capability
The block diagram of the proposed method is given in Figure 1. When Figuexanmned, the data set is first
subjected to the preprocessing step. Preprocessed training data is used for retraining pretrained Transformers fr
the HuggingFace hub for fine tuning. The resulting FineTuned Transformer is again saved to the HugbinlgFace
for later use. During the inference and evaluation phase, the preprocessed test texts are sent 4oirted fine
Transformer for summary. The outputs of the Transformer are evaluated with the ROUGE metric. For a bette
understanding of the proposed hwd, it is useful to explain each step in detail.

A. Data Preprocessing
In the preprocessing step;
1 Dialogue texts that do not meet the maximum length criteria are excluded from the dataset.

1 In the dialogue performed by #Personl and #Person2 in the adoguk text, message tagging of each
person is performed.
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9 All text is converted to lowercase letters.
1 All punctuation marks and special symbols are deleted.
1 A Abbreviated expressions such as "1'm, You've"
1 Paddng is performed so that all dialog texts are of equal length.
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Figure 1.Block diagram of the Proposed Approach. Figure 2. Block diagram of the Transformers [15

B. Transformers and Fine Tuning

Problems such as questibmnswering, summarizingebonging to natural language processing are called Seq2Seq.
For the solution of Seq2Seq problems, neural architectures expressed asiedeodder are used. The aim here is

to obtain sequential results by encoding the features obtained from the itgpahdbe Encoder side of the neural
architecture and sending these coded features to the Decoder side. In Seq2Seq problems whose input and outpu
text, firstly the text is tokenized on a welng-word basis. Each of these tokens obtained is expresgedmindex

value and fed to the neural network in a-bio¢ encoded sequence format of this vocabulary size. Following the one
hot expression of the words, the process of making the text understandable by the neural network is completed
using the Embading weights obtained at the time of or before the training. Seq2Seq problems with long sequence
size cause a big disadvantage, especially in Enéddecoder architectures where RNN layers are used. Mechanisms
called Attention have been developed taradhis problem. There are Attention and Positional Encoding mechanisms
in the Encoder and Decoder layers separately in Transformers [15]. In addition, any recurrent or convolutiona
network structure is not included in the Transformers. It performs @ésatpns with fully Attention mechanism
learning. In the Attention mechanisms used here, the handled element in the text is expressed with Query, the ott
elements in the text are Key, and the relationship between Query and Key is expressed withasalogldfkey,

query and value triplet is used in the Attention operation, that is, a single relation calculation operation is performec
this structure in the Transformer is called self attention. In the Attention mechanism, if the value is calcutated fro
more than one key and query, that is, if the Attention operation is performed with more than one head, this is calle
Multi-head attention. Since there are no repetitive and convolutional layers in transformers, the words belonging t
the sequence do nbave a concept of order. With Postional Encoding, this problem has been solved by adding
additional spatial information to word embeddings. A block diagram expressing the structure of the Transformer i
given in Figure 2 [15].

The performance of the Trdnsmer structure in Seq2Seq problems and the more parallelizability of the training
process have caused many different problems to be handled with Transformers. In addition, many pretraine
transformers in different architectures can be accessed. Trégefieing is a frequently used approach in solution
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proposals using deep learning, even before the use of Transformers. Especially for solving problems where trainir
data is scarce, transfer learning is a very effective method to maximize training paderimObject Detection
models (LeNet, VGG, etc.) developed by companies such as Google for computer vision problgaiacgr€NN

layers that extract features from the image are used in networks trained to detect different objects, while structur
sieh as prearained embedding layer can be used in Natural Language Processing applications. In Transformers, c
the other hand, the Transformer architectures developed by different companies and research institutions are obtair
and finetuning operationsire performed with a low number of training data and small training iteration numbers
(epoch) of the problem addressed. In this study, four different trained Transformer structures (BART, T5, LED,
BlenderBot) that were previously trained for text sumnadign were used for the dialog summarization process.
Detailed information about these architectures used is given in the Experimental Results section.

C. Inference and Evaluation

The models obtained after the fitwning of the prdrained Transformers werecorded on the HuggingFace Hub.
Finetuned models are recovered through the HuggingFace Hub to extract summaries from the original dialogu
texts. Then, the output summaries obtained using the section of the data set reserved for testing are subjectec
ROUGE evaluation. The ROUGE metric, the result text and the target summary text in the data set, have featur
such as the total number of common words (ROUGgEhe number of n sequential common word groups (ROUGE

N), and the sequential maximum numbécommon word groups (ROUGE). uses a relative comparison method.
Since the ROUGE metric is widely used in Seg28eegnted studies in the literature, the evaluation of the results
was performed with ROUGE.

3. Experimental Results

In this study, four dferent Pretrained Transformers (BART, LED, BlenderBot, T5) DialogSum [16] wer¢ufires

to perform abstractive dialog summarization. All frained models used were obtained from the HuggingFace
platform. Training and inference processes were carrigdbyg using the Python library called Transformer,
developed by HuggingFace, and the Tensorflow library. All training and inference processes were carried out o
Google's GPtsupported Colab platform. The detailed representation of the experimental wesiltsarried out

under different sulheadings. In the first stage, four different models were trained with low training iteration numbers
and they were compared according to different criteria. Then, these models were evaluated with the test data, and
model that obtained the highest ROUGE score was trained in the higher training iteratioe\aidated.

A. Dataset and Preprocess Results

DialogSum, which presents abstractive summaries of dialogue texts in daily life, was used as a data setrfil®]. The t
validation and test data numbers of the data set are given in Table 1 [16]. In the preprocessing step, firstly, data with in|
size larger than 300 and output size larger than 50 were removed from the data set. Table 1 also includes the amour
daa used in each split after the preprocess step. In Table 2, three sample dialogue texts taken from the data set and
abstractive summaries are given.

Table 1. Data splits and amounts belong to DialogSum [16].
Data Split Amount Preprocessed Data Arnot
Training 12460 12457

Validation 500 497
Test 1500 1497
Total 14460 14451
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Table 2. Example dialogue texts and summaries taken from dataset [16].

Dialogue Text Abstractive Summary

#Person2#: I've tried hundreds of times, but | just ¢ Mr. Smith's getting a cheeakp, and Doctor Hawkin:
seem to kick the habit. advises him to have one every geHawkins'll give
#Personl#: Well, we have classes and s some information about their classes and medicatiol
medications that might help. Il give you mo help Mr. Smith quit smoking.

information before you leave.

#Person2#: Ok, thanks doctor.

#Personl#: Happy birthday, Aims! Lisa gives Aims a birthday present and Aims loves i
#Person2#: Thank you, Lisa.

#Personl#: Here is a present for you. | hope you lik

#Person2#: Oh, great! | love i¥ou know I've beer

expecting this for a long time.

#Personl#: I'm very glad to hear that.

#Person2#: Come here ; let me introduce some fri

to you.

B. Transformer Fine Tuning

As mentioned befordour different pretrained neural architectures were used for Transformer training;BART [17]

1 BlenderBot [18]

1 LED]J[19]

1 T5]20]
Each of the models used here hastpaming for text summarization. The purpose of fine tuning is to give the model
the ability b summarize dialogue. In Table 3, the number of trainable parameters for each model, the number c
epochs, the amount of GPU memory consumed by thegreed models, the space occupied by the models on the
hard disk, the average time spent for each epochthe training validation loss values at the end of the training
are given. In Figure 3, the training and validation loss graphs of each model are given.

Table 3.Model features, training parameters and results.

Model Trainable Epoch GPU Memoy Disk Time Per Training i1
Params Epoch validation

loss

BART-base 139420416 3 33 GB 558 MB 250 sec 0.8034 |
0.7758

BlenderBot 364802560 3 33GB 1.46 GB 315 sec 0.7608 |
0.9011

LED 161844480 3 33 GB 648 MB 624 sec 0.6565 |
0.7310

T5-Small 60506624 3 17.0GB 374 MB 172 sec 1.1630 |
1.0659

Table 4. ROUGE evaluations of fine tuned models.

Model ROUGE1 ROUGE2 ROUGEL

BART 0.4751 0.2080 0.3964

BlenderBot 0.4009 0.1833 0.3240

LED 0.4223 0.2000 0.3778

T5-Small 0.4256 0.1625 0.3429
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Figure 3. Loss graph of Transformer trainings (a: BART, b: BlenderBot, c: LED, ésmall).

C. Inference and Evaluation

After the completion of the training processes, the recorded models were evaluated with the test data. Table 4 sho
the ROUGE scoresf each model for 50 sample dialogue texts taken from the test data. In Table 5, a sample dialogu
text from the test data, the target summary expected to be extracted from the dialogue text and the summaries obtai
from each model are given. When Tablvas examined, it was seen that the best ROUGE evaluation was obtained
with the finetuned BART model. When the graphics in Figure 3 are examined, it is clearly seen that the most stabl
education process is carried out with this model. When the traamdgevaluation results of other models were
examined, it was observed that the ftoaing process again achieved successful results. When Table 5 is examined,
it is seen that all models produce summaries in accordance with the sample dialogue tetdbgregar, it has also

been observed that the LED model creates a less comprehensive abstraction than other models. It was decidet
retrain and evaluate the BART model with a higher training iteration due to both the stability of the training and the
high ROUGE scores it obtained.
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Table 5.Example dialogue text taken from dataset and summaries generated by models from that.
Input Dialogue Text
#Personl#: Honey, | think you should quit smoking.
#Person2#: Why? You said | was hot when smoking.
#Personl#: But | want you to be fit.
#Person2#: Smoking is killing. | know.
#Personl1#: Check out this article. It says smoking can lead to lung cancer.
#Person2#: | don't believe it.
#Personl#: But you know that smoking does harm to health, right?
#Person&: Of course | know it, but you know it's hard to quit smoking. . .
#Personl#: Stop beating around the bush. Will you quit or not?
#Person2#: Yes, ma'am. Whatever you say.

Original Summary: #Personl# asks #Person2# to quit smoking for health. #Persamstitls hard but agrees.

Model Predicted Summary

BART #personl# advises #person2# to quit smoking because smoking is killing and smok
lead to lung cancer #person2# doesnt believe it but agrees to listen to #person

BlenderBot #person2# tells #pson1# smoking can lead to lung cancer #person2# thinks smoking i
to quit

LED #personl# tells #person2# smoking is killing and suggests quit

T5-Small #personl# tells #person2# that smoking can lead to lung cancer maam says smoki

harm to helih right and says smoking can cause lung cancer

D. ReTuning and Evaluation of BART

After evaluating the training process and inference results of different models for 3 epochs, it was decided to retra
the BART model for another 10 epochs. The resflthis trained model are given in Table 6. In Figure 4, the loss
graph of the model is given. The ROUGE evaluations obtained are given in Table 7. In Table 8, abstractive summari
produced by the model from different test data are given. When Tabbx&ngned, it is seen that the loss values of

the model decrease with increasing the number of epochs. When Figure 4 is examined, the validation loss of
model is slightly behind compared to the Training loss, which shows that the number of epochsishbeld
increased too much in fine tuning processes. When Table 7 is examined, it is seen that the ROUGE results obtair
by the model are parallel to those in the literature. When the data in Table 8 were examined, it was observed that t
text summariesbtained were inclusive of the dialogue text and did not have any semantic contradictions with the
dialogue text.

Table 6. Example dialogue text taken from dataset and summaries generated by models from that.

Model Trainable Epoch GPU Memory Disk Time Per Training T
Params Epoch validation loss
BART-base 139420416 10 33 GB 558 MB 250 sec 0.4850 0.7496
Table 7.ROUGE evaluations of reined BART.
Model ROUGE1 ROUGE2 ROUGEL
BART 0.4835 0.2467 0.4065

Table 8. Example dialogue text taken from datasetsummaries generated bytweed BART model from that.
Input Dialogue Text
"#Personl#: Excuse me, can you tell me how to get to the Rainbow Restaurant from here?
#Person2#: Drive two blocks and turn left. Continue on until you reach Heath Streetraright.
Then turn left at the second stop light. You can't miss it."

Original Summary: #Personl# asks #Person2# the way to the Rainbow Restaurant.
Model Predicted Summary
BART #person2# tells #personl# how to get to the rainbow restaurant

#persml# tells here the way to it is simple and easy
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Figure 4. Loss graph of BART 10 epoch training.
4. Conclusions

In this study, some piteained Transformer networks were fingned to summarize the dialogue texts. In this context,
BART, BlenderBot, [ED and T5 models were retrained with the DialogSum dataset and compared based on man
different criteria. The main motivation for realizing such a perspective of the proposed method is based on providin
problem solving with a small data set and low hamwaosts. When the training results and model structures are
examined, it is seen that the number of training parameters increases the training time and hardware costs. On
other hand, it was seen that the number of trainable parameters of the BARTfarosleich we obtained the best
results, was lower than many models taken in comparison. Obtaining the minimum performance in the model wit
the highest number of trainable parameters was associated with the smallness of the data set used. Aftdothe scer
in which the four models were compared, the BART model, in which the best performance was obtained, wa
retrained with a higher number of training iterations. As a result of this training, it was observed that the validatior
loss value decreased ldhain the training loss value. This led to the conclusion that working with very high epoch
values in fine tuning processes may decrease the model performance. The ROUGE performance of the final moc
obtained is higher than the model developed with lowitrg iteration. When the abstractive summaries obtained
from all models were examined, it was observed that the results contrary to the original text were not obtained ar
the summarization process was carried out more comprehensively than the réiseltaba set. When the ROUGE
evaluations of the models were examined, it was seen that they had performances parallel to the results in t
literature.
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Abstract

Nowadays, security and monitoring systems in cities and campus areas are made with video recordings. Applications such
detection of foreign objects and conditiommitoring in video recordings, which are very large in size, require a lot of time and
labor. For this reason, artificial intelligenbased intelligent analysis methods have been developed for video analysis in the
literature. In this study, Mask-RNN was trained with a deep neural network to perform video segmentation of 6 different
classes such as bus, car, hike, dog, motorbike and tennis, which are found in the DAVIS dataset and are frequentlgencounte
in campus areas. The training was repeatedffareht batch_size and learning rate values and its accuracy was tested. The
accuracy of the training, which was done with 0.01 learning rate and 4 batch_size values, was measured as 91.7%. In the n
studies, it is aimed to increase the adaptabilitthefvideo instance segmentation method with the videos obtained in real time
in the campus areas.

Keywords: video segmentation, masicnn, davis dataset, smart campus

1. Introduction

With the widespread use of security and monitoring systems in anaag today, video data has grown rapidly. The
increasing success rates of intelligent systems and models such as machine learning and deep learning on visual |
have allowed image analysis and video analysis to be done with automated systems. Nigethiand image
analyzes that require a long time and labor can be done in a shorter time and with higher accuracy. Many success
studies have been carried out in the fields of image processing, image semantic segmentation and instar
segmentation, esgially with the models proposed in the field of deep learning. Video data is more complex than
image data. Such that in image semantic segmentation, a category tag is assigned for each pixel in a particular ima
In video semantic segmentation, on thieothand, each pixel in each frame of a given video must be assigned a
category tag [1]. Video instance segmentation, unlike semantic segmentation, separates the instances of the se
class in the sample segmentation image, as well as the selection pixehatnan image [2].

Rapid developments in technology have led to an increase in interaction between objects and people. According|
the integration of remotely controlled processes into social life has led to the spread of smart systems and fielc
Campus areas where smart systems are integrated are being developed so that both students, faculty members
administrators can use campus areas more efficiently. The basis of smart campus applications is the creation
campus technological infrastructurAmong the main technologies supporting smart campus applications are cloud

computing, internet of things (loT), augmented reality (AR) and artificial intelligence (Al) [3].

In this study, video segmentation method is proposed in order to automateathaation of video recordings
recorded for security and monitoring purposes in smart campus areas. Video segmentation is used in a wide vari
of applications such as autonomous vehicle [4], video summarization [5], scene comprehension [6], actiol
recoquition [7], object tracking [8], and video annotation [9]. For this reason, there are many studies proposed in th
field of video segmentation in the literature. Some of these studies are as follows:
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Liu et al. [10] proposed a CRbhsed face detection rhed as an alternative to CNN systems that requires$pgled

GPU use using RAI dataset. They showed that their proposed method could detect face from 93.2% F1 Score. Le
al. [11] performed the DAVIS TesEhallenge dataset using the Contextual Guided 8etation (CGS) method to
perform video segmentation. In the method they proposed, they showed that they could determine the categories
human/norhuman, hard/deformable from the video with a Global Score of 75.4%. Qi et al. [12] showed that by
trainingthe OVIS dataset in 25 categories with CMaskTragBNRN, they could detect an object with an AP value

of 15.4%. Brissman et al. [13] obtained an AP success value of 16.0% by training the OVIS dataset consisting of Z
categories with Graph neural network N8) for video segmentation. Huang et al. [14] proposed a video
segmentation method based on Scritfilgervised, whose block diagram is given in Figure 1, using Youtube and
DAVIS datasets.

All For each

( | e Seribble frame SSVOS model
Input video tation trainine
| anno e

Traimng stage

First For each
T Seribble frame SSVOS model
v annotation Pl'E'dil:ti.l}D.
Testing stage

Figure 1. ScribbleSupervised video segmentation model [14]

Sidu et al. [15] proposed two architectures based on recurrent FCN (RFCN) aneStvedtin FCN (MSFCN)
networks to perform video semantic segmentation. The researchers who tested the proposed architectures
SYNTHIACVPR'16, SegTrack V2, DAVIS, KITTI and SNTHIA datasets showed an improvement in the accuracy
of the datasets. Lin et al [16] proposed a video segmentation method based on theRR¥rdposdParadigm. With

their proposed method, they obtained 47.6% AP in the YouViBevalidation set and 70.4%&F in the
DAVISUVOS validation set.

In this study, a method on segmentation of video data, which is one of the important steps to develop smart camp
areas, is proposed. In the proposed method, DAVIS dataset, which includes objects frequently ethaooatepels

areas such as cars, buses, dogs, walking people, tennis players, and motorcycles, was used. The number of orig
data has been increased with techniques such as cropping, flipping and rotation used for data augmentatic
Performance compariee were made against different hyperparameters by training the rich content DAVIS dataset
used in many state of the art architectures at different learning rates and different banch_size values using Mask
CNN deep neural network. Contributions of thisdst can be listed as follows, according to other methods suggested
in the field of video segmentation in the literature.

1 The images in the bus, car, hike, dog, motorbike and tennis classes, which are frequently seen in camp
areas and found in the DAVtaset, were augmented using data augmentation techniques and trained with
the mask r cnn video instance segmentation model.

1 The adaptability of the method was measured by repeating the model training at different banch_size an
learning rate rates.

2. Materials And Method

2.1. Mask R-Cnn Framework

Mask RCNN, the fourth member of the NN family and proposed by Facebook Al Research (FAIR), is based on
estimating the mask of the object in addition to the bounding box used in the F&i&t &gorithm.Using Mask

R-CNN COCO dataset, 80k train images were trained with 35k val images. It allows training using different
backbones. In each Rol sampled during training, the +#tagdki loss is defined as L = Lcls + Lbox + Lmask [17, 18].
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Figure 2. Mask RCNN framework [17]

2.2. Proposed Approach

The automatic realization of security and monitoring systems in smart campus areas has been developed using s
learning machine learning and deep learning methods. In the growing video data, applications cljebt as
detection, segmentation, and keyframe detection have increased the success of watching, examining, summariz
and inferring video records. In this study, bus, dog, hike, car, motorbike and tennis datasets containing images tf
are frequently encattered in campus areas of the DAVIS dataset were used. The original images in the dataset wer
augmented using various data augmentation techniques. The names of the classes used in the DAVIS datset,
number of original data and the number of augmedéta are given in Table 1. A dataset consisting of a total of 560
images with 408 originals and 152 augmented images with 854x480 dimensions was obtained. 70% of this datase
trained at different learnin rate and batch_size values for video instameergation using Mask-®NN deep neural
network ResNet Backbone. Model evaluation was carried out with the remaining data.

Table 1. Dataset Classes and Counts

Dataset Classes Number of Original data Augmented Data Total Number of Data
Bus 80 20 100
Car_roundabout 75 20 95
Dog 60 30 90
Hike 80 20 100
Motorbike 43 42 85
Tennis 70 20 90

Data Preprocessing Traiming Data Preprocessing
B5dx480 Mask R-CHM
B _I Model Cutput
Input Image Framework
Diafa Augmentation Ir=01.001 ir={1.01 Madel Evaluation
hatch_slze=2 batch_size=4

Ewvaluation

Data Labeling . .
o £ Comparison

Figure 3. Proposed Approach Block Diagram

The implementation steps of the method, whose block diagram is given in Figure 3, are given below.
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The images of the Isy dog, hike, car, motorbike and tennis classes determined in the Davis dataset were
augmented with data augmentation methods such as cropping, flipping, and rotation.

Data was tagged in JSON format using the Labelme data labeling tool.

A train dataset wasreated with 70% of the tagged data. The test dataset was created with the remaining
30%.

Mask RCNN deep neural network was trained for different batch_size and learning rate values using the
Detectron2 library developed by Facebook Al to perform Olgjetdction, segmentation, key point detection
processes.

The iterative method for different hyperparameters was tested with test images. Performance was measur
using model evaluation metrics.

Model outputs and evaluation results are given in the expei@hm@sults section.

3. Experimental Results

As an alternative to manual analysis of videos recorded in campus areas, deep-temaihgideo segmentation

has been studied. Mask®NN deep neural network was trained using 854x480 images found irabusog, hike,
motorbike, tennis classes. The training was repeated for 0.001 Ir, 2 batch_size and 0.01 Ir, 4 batch_size values. Dur
model training, the change of loss_cls, loss_box_reg and loss_mask values corresponding to epoch values is 0.(
Ir, Tade 2 for 2 batch_size and 0.01 Ir for 4 batch_size, Table 3 and Figure 5 for 4 batch_size.

s cls tag: loss_box_reg

Table 2 Loss values for Lr = 0.001, Batch_size = 2

Epoch Batch_size loss_cls loss_box reg loss_mask
19 2 1.635 0.2189 0.6898
59 2 0.2044 0.2246 0.6175
929 2 0.1621 0.2208 0.4611
139 2 0.1308 0.2168 0.2808
179 2 0.09947 0.2072 0.1941
219 2 0.06678 0.1974 0.1187
259 2 0.04001 0.1766 0.1068
299 2 0.02778 0.129 0.09447
339 2 0.02781 0.104 0.0884
379 2 0.02087 0.08411 0.09325
399 2 0.02452 0.08236 0.09004

loss_box_reg loss_mask

tag: loss_mask

Figure 4. Loss graphs for Lr = 0.001, Batch_size = 2
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Table 3.Loss values for Lr = 0.01, Batch_size = 4

Epoch Batch_size loss cls loss_box_reg loss _mask

19 4 0.9144 0.2166 0.677
59 4 0.1382 0.2195 0.2149
99 4 0.06339 0.1866 0.1066
139 4 0.02532 0.1168 0.08415
179 4 0.02421 0.09425 0.1
219 4 0.02043 0.05848 0.08774
259 4 0.01838 0.0682 0.08392
299 4 0.01913 0.08032 0.0817
339 4 0.01591 0.05157 0.07931
379 4 0.01869 0.05122 0.08925
399 4 0.01498 0.05293 0.07681

loss_cls loss_box_reg loss_mask

tag: loss_cls taq: loss_box_reg taq: loss_mask

Figure 5. Loss graphs for Lr = 0.01, Batch_size =4

For Lr = 0.001, Batch_size = 2 As a result of the training, the total_loss value is 0.2479 and the train accuracy
value is 0.9611.

For Lr =0.01, Batch_size = 4 As a result of the training, the total_loss vaki®8.1879 and the train accuracy value

is 0.9673. Total_loss and train accuracy graphs obtained at the end of the training are given in Figure 6.

Lr = 0.001, Batch_size = 2

total_loss mask_rcnn/accuracy
tag: total_loss tag: mask_rcnn/accuracy

Lr = 0.01, Batch_size =4
total_loss mask_rcnn/accuracy
tag: total_loss tag: mask_rcnn/accuracy

Figure 6. Total_loss and train accuracy
Theoutput images of the model trained for 6 different classes are given in Figure 7.
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Figure 7. Model output images
Performance evaluation was made using the forngiles in Mask RCNN framework equation (1), (2), (3) and

(4), which were trained for different Ir and batch_size values. Calculated accuracy, precision, recaficamnd f1
values are given in Table 4.
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Table 4. Model Performanc&valuation

0.001 learning rate, 2 batch_size 0.01 learning rate, 4 batch_size

accuracy precision recall fl-score accuracy precision recall fl-score
Bus 87.9% 96.6% 92.0% 93.5% 96.7% 95.1%
Car_roundabou 87.1% 90.0% 88.5% 90.3% 96.5% 93.3%
Dog 89.0% 84.6% 81.5% 83.0% 91.7% 92.0% 88.5% 90.2%
Hike 87.1% 90.0% 88.5% 90.3% 93.3% 91.8%
Motorbike 88.5% 85.2% 86.8% 92.3% 88.9% 90.6%
Tennis 91.3% 80.7% 85.7% 91.7% 84.6% 88.0%

Video segmentation is carried out for various purposes by d#fegent datasets in different areas. Within the scope

of this study, certain classes were used in the DAVIS dataset in order to increase the video segmentation adaptabi
in smart campus applications. The comparison of dataset method and model pedooithis study with other

video segmentation studies in the literature is given in Table 5.

Table 5. Literature Comparison

References Dataset Method Evaluation
[10] RAI dataset CPU-based face detection methods F1 Score : 93,2%
[12] OVIS dataset CMakTrack RCNN AP :15.4%
[13] OVIS dataset Graph neural network (GNN) AP :16.0%
Proposed Method Davis Dataset Mask RCNN Accuracy : 91.7%
(6 classes)

4. Conclusions

Smart campuses are areas that contain many applications and whose infrastradiaes fiieveloped with various
technologies. It ensures that students, faculty and administrative staff benefit from campus facilities at the highe
level and remotely when necessary. One component of smart campuses equipped with various technaoifigs is se
systems. Manual examination of the increased video data in campus areas controlled by video cameras takes a lo
time and there may be situations that may create an overlooked security problem. The development of intellige
systems such as deepatning, which has achieved successful results on image data, has made it possible tc
implement applications such as video segmentation, video summarization, scene detection and suspicious situat
detection.

In this study, video segmentation method blase Mask RCNN Framework is proposed. For the training of the
model, bus, car_roundabout, dog, hike, motorbike and tennis classes in the DAVIS dataset were preferred becat
they are frequently encountered objects in campus areas. In addition, thewdasasetiched by using various data
augmentation techniques. The performance of the model trained at different learning rate and batch size values w
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measured by calculating accuracy, precision, recattire parameters. As a result of the model trawigd0.001

Ir and 2 batch size hyperparameters, 89.0% segmentation accuracy was obtained. With the model trained with 0.
Ir and 4 batch size hyperparameters, it was observed that 91.7% segmentation accuracy was achieved and prodt
more successful res. In future studies, it is planned to increase the scope, accuracy and adaptability of the methoc
with reattime images to be obtained from campus areas.
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Abstract

Today, the great development of artificial intelligence and technptoggther with the use of malicious people, has started to
cause great concern by causing fake content images, namely deepfakes. In fact, this situation has become increasingly seri
and a large technology company in China has started to sell deepfélessbecome quite difficult to detect such fake content.

In this article, a new approach is presented by analyzing the shortcomings and needs of the studies for the detedtika of deep
images. The proposed method is to analyze and comprehensivelyeattad symptoms in deepfake images together with
different neural networks, reducing the inaccuracy of the detections rather than making the detection, Because insthis serio
situation, if a wrong detection is made on a sample image, it can lead tolblgnps. In summary, after making a determination

on an image with the CNN and RNN neural networks used in the proposed method, the model built on the RNN and th
EfficientNetB4 model, the model results used from both neural networks are compared amagenésiinterpreted according

to whether the answers are equal or not.

Keywords:Deepfake Detection, Deep Learning, CNN, RNN
1. Introduction

Although the great development of artificial intelligence affects our lives positively, it poses a big probleih when
is used by malicious people. With the use of artificial intelligence by malicious people, deepfake images have becon
a big problem in our age, and this problem has grown day by day and started to cause concern for the socie
However, besides this gition, good software for deepfake detection has also been developed, but this event ha:
become a chase with the development of deepfake and the continuous improvement of detection processes. As
can understand from all this development, a wrong detatimmon important images and images that will adversely
affect the society can lead to major problems. Generally, various improvements have been made to increase t
accuracy rate in applications. In this article, the detection methods available todaglgzed in detail and focused

on one of the biggest problems, false detection. In this article, the proposed method and this method are convey
with its innovative aspects and tried to be demonstrated with experimental results.

In the proposed methodsing two different neural networks, CNN and RNN, fraud detection is performed separately
with the newly created model over EfficientNetB4 and RNN, which is the ready model and trained over CNN, and
if the result is the same from both models, the deteotisult is obtained, but different. When the results are received,
the image is marked as unrecognized to avoid major problems. For this purpose, both models keep each other
balance, preventing false detections. The special data set was used assiie ttiatanages taken from Kaggle were
placed in the data set and the private data set was tried to be supported. In the improvement we have made befi
we have tried to use different models according to the areas where they are good [1].

Yang et al. Secifically, they tried to detect forgery by utilizing a spatoporal attention module to learn the
features of multiple face regions [2]. Cozzolino et al. They used a comparative learning paradigm to detect forger
in videos consisting of audio, videagaudievideo combinations with the method they developed [3]. Dixit et al.

In forgery on voice, they found the literature review scarce and made a literature review and turned it into an articl
in terms of benefit [4]. Stanciu et al. They aimed to iaseedeep fake detection datasets by using deep learning
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architectures such as Autoencoders eXél [5]. By using Thing et al. CNN and Transformers, fraud detection on
Google DFD, CeleldF, Deeper Forensics and DFDC datasets, revealed their weaknessesragttis [6]. Ahmed

et al. They outlined how to make detection methods better and more robust by raising a critical discussion about tl
problems, opportunities and prospects of deepfake technology [7]. Rana et al. By examining 112 related article
preseting various methodologies from 2018 to 2020, they divided them into 4 different groups and produced a
systematic literature review, as a result of which they tried to prove by comparison that deep-tee@ihgethods

are better [8]. Gu et al. developagaradigm that performs spat&mporal inconsistency learning to detect on deep
fake videos [9]. Tariq et al. He developed an LSb&sed network and tried to contribute to deep fraud detection
using the FaceForensics++ dataset [10]. Kharbat et al. sispumprt vector machines (SVIWhey tried to extract the
picture features and detect forgery [11]. Khan et al. tried to detect forgery by applying 3D reconstructions on over
hundred [12]. Deng et al. They compared it with the Efficient&network by decting forgery [13].

2. Proposed Approach

The proposed approach is made using CNN (Convolutional Neural Network) and RNN (Recursive Neural Network)
In the approach, the Blazeface model was used in the face removal process. EfficientNetB4, one ofgshesetbdel

for fraud detection, is trained over ImageNet, while the R¥iNed model is trained using a special data set. In the
approach, after face subtraction with Blazeface, the extracted face frame enters the EfficientNetB4 and RNN mode
at this stage, twdifferent models are predicted, the results from the two models are compared in order to reduce th
false detection rate of the models, and if there are the same results, the prediction is given as output. is marked
unrecognized image to avoid falsetection if different results are obtained.

Input Sequence Cropped Face Regions

¥ Fake

Precict——< (CNN & RNN) == Fake >} —

N Result
Prediction

\'d Real

< (CNN & RNN) == Real >——»{JJ

ﬂ—b ElazeFace

VA

N

Unrecognizable Picture

Figure 1. Suggested Approach Block Diagram (The model separation made in the proposed approach and the joint decision
taken as a result are given step by step.)

Utilizing two different neural networks and ohgls in the proposed approach provided a safer prediction inference
in fraud detection. This approach has emerged to eliminate inferences that are based on a single architecture ar
single model, which can cause major problems when incorrectly detkrattition to these, great improvements
have been made in fraud detection by using the special data set and tHea&¥Nmodel created within this
approach. There are 10000 images in total, 5000 fake and 5000 real, in the special data set, 80%hafHezeei

used as training data and 20% are used as test data (8000 training, 2000 tests).

A. Model Training

For the created RNlWased model training, training was provided with 8000 images by using the train file in the
special data set.
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B. Face Removal Proces

By using the BlazeFace model while performing the face extraction process, the cropped face frame extraction w;
provided from the image entered as an example. BlazeFace is a very fast and effective model produced by Goog
Kolosov et al. used the bleface model to extract relevant areas from the video and showed that it is a good approact

in this area [14].

C. Fraud Detection with CNN and RNN

In the proposed approach, the extracted face frame enters the CNN's previously trained EfficientNetB4 model ar
outputs a prediction. The basic network structure of the EfficientNet family is given in Figure 2 below [15].

|

| _MBConv6, 5x5

[ convax3 ]

[ MBConve, 5x5

MBConvé, 5x5 |
MBConv6, 5x5

MBConv6, 3%3 |
[ MmBCconve, 3x3 |

[ MBConve, 5x5 ]
[ MBConve, 5x5 |

MBConve, 3x3
[ MBConve, 3x3 |
[ MBConve, 5x5 |
[ MBConve, 5x5
[ MBConve, 5x5

_MBConv1, 3x3 |
[ MBConve, 3x3

\

\

[ MBConve, 3x3 |
\'

\

\'

[

Conv | Convolutional Layer | MBC | Mobile Inverted Bottleneck

Figure 2. EffficientNet Basic Network Structure

The same face frame is entered into the RidlNed and trained model from the special dateageta prediction
output is obtained from here. The model structure is given in Figure 3 below.

Layer (type) Output Shape Param #
time distributed 57 (TimeDi (None, 1, 62, €62, 32) 896
stributed)

time_distributed 58 (TimeDi (None, 1, 31, 31, 32) ]
stributed)

time distributed 59 (TimeDi (MNone, 1, 30752) ]
stributed)

lstm_19 (LSTM) (None, 64) 7889152
dense_ 38 (Dense) (None, 64) 4160
dropout 19 (Dropout) (None, 64) [¢]
dense 39 (Dense) (None, 1) 65

Total params: 7,894,273
Trainable params: 7,894,273
Non-trainable params: 0

Figure 3. RNN model structure

Then, the estimation results from both models are compared. If the two prediction results are the same, for examp
if both o them made a false prediction, the image is faked, and if they both make a true prediction, the image i
output as real, but if one of the models is false, the image is marked as an unrecognized picture in order to reduce
false rate and avoid falsetdetion. The improvement is made exactly here, reducing the rate of false detection.

3. Experimental Results

The experimental results obtained were obtained by working on Google Colaboratory. The special data set used
the study, including images takemiin Kaggle, consists of 10000 images. Of these images, 5000 are reserved, and
5000 are real. The images in the data set are BB in size and 256*256 in size. 80% of the total data set, ie
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8000, was used as training data and 20%, ie 2000, was useddatae$he details of the data set are given in Table
1 and Table 2 below.

Table 1.Train data set

Train Data Set Number of Image
fake 2500
Real 2500
Total Images 5000

Table 2. Test data set

Test Data Set Number of Image
fake 2500
Real 2500
Total Images 5000

The model is trained with the train data set given in the table above. The graph of loss and accuracy rates obtair
as a result of model training is given in Figure 4 below.

Accuracy Curve

—— Accuracy
0.8 1

0.7

0.6

Accuracy

0.5

0.4

1 2 - 5 4 5 6 7
Epochs

Loss Curves

0.8 4

Training Loss
0.7 1

0.6

0.4 4

Loss

0.3 1

0.2 H

0.1+

0.0

Epochs
Figure 4.Loss and accuracy valués Training
(1
After training the RNN model, the test data set mentioned is given as input to the proposed method, allowing th
images to enter both the EfficientNetB4 model and the RNN model. As a result, the model performances are give
in Table 3 below, both separately and adow to the false detection rate that is tried to be reduced, by converting
them to numerical values.

Table 3.Model performance
Model Performance in  False Detection

Test Data Set Test Images Rate
EffectiveNetB4 92.4% 7.6%
RNN Model 84.1% 15.9%
Total 88.25% 5.8%
Performance

In the experimental results obtained in the study, the false detection rates are given in Figure 5 below in clusters
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False Detection Rate

%5.8

Figure 5. False Detection Rate Intersection Set of Models

In the results of working the results of the estimagi obtained according to the data sets are given in Tables 4 and
5 below.

Table 4.Model performance in real images

Test Data Set Model Performance in Real Images
EffectiveNetB4 89.8%
RNN Model 83.0%
Total Performance 86.40%

Table 5.Model performace in fake images

Test Data Set Model Performance in Fake Images
EffectiveNetB4 95.0%
RNN Model 85.2%
Total Performance 90.1%

In addition to all these, the comparison of the proposed method with the studies in the literature is given in Table
Whenwe look at the table, both the false detection rate being lower than other studies and the improvement achiev:
with the method introduced in deep fraud detection come to the fore.

Table 6. Comparison studies
False DetectiorRate

Reference Technique Data Set
Khalil et al. LBP-CNN Private 8.3%
[16]
Matern et al. MLP CelebA+ProGAN 16%
[17] +Glow
Amerini et CNN Face2Face VGG16=18.39%
al. [18] ResNet50=24.54%
Nguyen et Capsule Network FaceForensics+Face2Face 6.89%
al. [19]
Montserrat CNN+RNN DFDC 8.2%
et al. [20]
Proposed CNN+RNN private 5.8%
Method

4. Conclusion

In this article, it has been contributed to the detection of deep fraud by trying to explain how much of a concern dee
fraud is today, how false detection rates cause major problems, anchposant fraud detection is.

In the method, deep fraud detection using a &idsed deep learning algorithm is made with EfficientNetB4 model
and an RNNbased model, contributing to deep fraud detection from a different perspective. As can be understoo
from the improvement, if only the EfficientNetB4 model was used, it would cause a 7.6% false detection, on the
contrary, if only the RNN model was used, it would have a 15.9% false output. With the improvement provided by
the proposed method, the total a@ay rate of the two models was 88.25%, but if we add unrecognized images to

102



this accuracy rate, the total accuracy rate is 94.2%. The reason for adding to this accuracy rate in unrecogniz
pictures is that only 5.8% of the images given as input gavecarrétt output, 5%. Since it marked 95 of them as
unrecognized pictures, the false detection rate was only 5.8%. In summary, this study achieved its main purpose, I
to increase the accuracy rate, but to reduce the false detection rate.
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Abstract

A large part of nature and energy Istained from fossil fuels such as oil, coal and natural gas. However, the amount of fossil
fuels is gradually decreasing due to the increasing energy consumption in parallel with world consumption and benlefits. Foss
fuels are a major contributor to cliteachange, and as the demand for energy production increases, alternative sources (e.g.
renewables) are becoming more attractive. Biofuels such as bioethanol reduce reliance on fossil fuels and can be compatil
with the existing fleet of internal combimt engines. Production of biofuels from renewable feedstocks has captured
considerable scientific attention since they could be used to supply energy and alternative fuels. Bioethanol is omstof the m
interesting biofuels due to its positive impact & environment. Currently, it is mostly produced from sugar and starch
containing raw materials. However, various available types of lignocellulosic biomass such as agricultural and forassy resid
and herbaceous energy crops could serve as feedstotke production of bioethanol, energy, heat and vatided chemicals.
Lignocellulosic biomass is inexpensive, renewable and abundant source for bioethanol production. Bioethanol productiol
includes pretreatment, hydrolysis and fermentation processes.

Keywords: Bioethanol, lignocellulose, pretreatment, hydrolysis, fermentation
1. Introduction

The increasing need for energy has led all the countries of the world to seek a clean, renewable and sustainable en
source. There are many reasons for ubingiass resources as an energy source. These are that biomass is renewabl
and it is an environmentally friendly raw material compared to petroleum products when it comes to the emissions
creates. Biomass is the most important castmmaining raw matéal obtained from sources such as plants, animals
and microorganisms [1]. Biomass is obtained from forest wastes, agricultural wastes (corn, rice, etc.), energy croj
(branched millet, etc.), cellulosic wastes (household solid waste, kitchen wasteyaio)s fuels that can be
obtained using biomass energy are bioethanol, biodiesel, biogas and biohydrogen [2]. Biofuels, especially biodies
and bioethanol, are renewable primary energy sources. Biofuel use and production are important for thefsolution
the global energy crisis. In its decision taken in 2008, the EU commission brought the requirement that the fuel use
in transportation in the member countries should be supported by 10% biofuel until 2020 [3]. Making the use o
biodiesel and bioethanatandatory in the EU, as well as in our country due to the EU harmonization process, will

increase the demand for biofuels. A new communi qu®
by amending the "Technical Regulation on Gasoline Typeblighed in the Official Gazette dated 7/8/2009 and
numbered 27312. According to this communiqu®, bi oe:

added at least 2% as of January 1, 2013, and 3% as of January 1, 2014 [4].
1.1.Bioethanol

Bioethanol is a clear, colorless liquid with a characteristic odor and can be used in internal combustion engines
blending it in 10% without the need for any modification. The two most common uses of bioethan&DajE0%o
Bioethanol + 90% Gasoline) andds (85% Bioethanol + 15% Gasoline) (EIE 2017a). For this reason, it is important
to carry out studies to increase bioethanol production in our country. It is very important to find cheap and abundal
raw materials in biofuel production. Bioethanol, frommgle sugars (sugar beet, cane sugar) molasses, etc.), and
starchy foods (corn, potato, etc.) and cellulose by fermentation [5]. In the world, approximately 50% of ethano
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production is produced using sugar beet and sugar cane, while the remainingds6&ticed using cereals (corn,
wheat). Corn is the most used plant for ethanol production in the United States, but sugar cane and sugar beet
mostly used in other ethanol producing countries. There are three companies in our country that produces anhydro
bi oethanol t hat can be wused as fuel in vehicles.
Tezkim Tar émsal Ki mya (TEZKKM) produce b¢iuonertah afad t
produces bioethanol from sugar beet. Thaseet companies produce an average of 162 million liters of bioethanol
per year. 76 million liters of this is fuel bioethanol. 92% of the produced fuel bioethanol is blended with gasoline
domestically and the remaining 8% is exported. In lzag#de bioethnol production, ethanol production from sugar

and starckcontaining substances is undesirable because these substances are nutrients [6]. Lignocellulosic biome
basically consists of cellulose, hemicellulose and lignin linked together in a complexrstru€ellulose has an
important place in biomass in terms of carbon content. Cellulose contagns Dcose subuAidt s |
glycosidic bonds. This special and complicated structure causes celluloses to be resistant to biological and chemi
treatrment. Unlike cellulose, hemicellulose is a heteropolymer structure consistingaolt&n sugars such as xylose

and arabinose anddrbon sugars such as galactose and mannose. Lignin is composed of three different phenoli
acids (pcoumaryl). alcohol, coféryl alcohol and synapyl alcohol) has a complex structure. It is connected by a
threedimensional structure that is hardly biodegradable. Lignin can be degraded both chemically and enzymaticall

[71.

Most of the lignocellulosic biomass is discardednainerated. But lignocellulosic biomass is not a waste and can
be converted into valuable products. These are biodiesel, bioethanol, biogas, pyrolytic gas, hydrogen (EIE 2017t
Due to the lignin in the structure of lignocellulosic biomass, sufficidmierficy cannot be obtained in the production

of bioethanol. In order to increase the yield, the biomass must be subjected to some preliminary treatment. T}
pretreatment processes used in the degradation of lignocellulosic wastes change the microoastductace and
chemical composition of lignocellulose. This process breaks the lignin and hemicellulose structure. Removes lignir
It degrades hemicellulose. It changes the crystal structure of cellulose. Cellulose remains free. Enzyme and substr
acceerate sugar hydrolysis. In addition, the applied pretreatment processes should not cause reducing sugar lo
should not create byroducts harmful to microorganisms and enzymes during the fermentation process, and shoulc
be a cheap and applicable meth8H [

2. Pretreatment Procedures

Pretreatment processes increase the surface area that the wastes can react with and disrupt the crystalline structu
cellulose. The main purpose of these processes is to increase the conversion efficiency of agricsiéumaiova
products such as bioethanol or biogas. These transactions are; includes physical, chemical, physicochemical &
biological methods [9].

2.1.Physical Preparation Procedures
2.1.1. Mechanical grinding

By splitting the biomass into smaller pieces surface area is increased. Thus, it is ensured that the next methods

are used more easily and effectively. It includes dry grinding, wet grinding, vibratory ball mill and compaction

methods. Lignin and hemicellulose cannot be removed by this procasstuldly, enzymatic hydrolysis of rice straw

was investigated after grinding with ball and wet disc. The conversion efficiencies of glucose and xylose were 78.5¢
and 41.5%, respectively, after ball methzymatic hydrolysis, wet disc m#inzymatic hydrolyis, respectively. After

that, they stated that it was 89.4% and 54.3%, respectively [10].

2.1.2. Microwave preparation procedures
Microwaves are noionizing electromagnetic waves with a wavelength of 1-inm and a frequency range of 300
MHz to 300 GHz covering a certain part of the electromagnetic spectrum. In conventional thermal processes, energ

is transferred to the material by convection, conduction and radiation. In contrast, microwave energy transfers ener
directly to the material through nemdular interaction with electromagnetic waves. Therefore, the heating rate is high
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and the processing time is short . It increases the enzyme activity by increasing the surface area of the lignocellulo!
material [11].

2.1.3 Ultrasonic pretreatment

Ultrasound is described as sound waves propagating at high frequencies that cannot be perceived by the human ¢
When ultrasonic pretreatment is applied, bubble formation occurs in the liquid. After the bubbles formed reach
certain size, they deflate ahéat generation takes place. Thus, solid objects and bacteria are broken down. At the
same time, oxidation in the biomass structure, deterioration of composition, and molecular chains are fragmente
[12].

2.1.4 Pretreatment with highenergy electron radation

It is the transfer of an energy greater than the ionization energy of the atom or molecule to the atom or molecule. F
this purpose, the most commonly wused radiation sou
and Xrays. Thephoton emanating from the radiation source first interacts with the solvent in the environment and
releases millions of dissolved electrons. These dissolved electrons that are released change the chemical ¢
physicochemical properties of the substanca assult of their interaction with the substance. Depending on the
intensity of irradiation, large molecules are broken down and converted to molecules, ions or radicals with smalle
molecular weights [13].

2. 2. Chemical Preparation Processes
2.2.1. Petreatment with acid

Acidic pretreatment processes are carried out using inorganic acids (sulfuric, nitric, hydrochloric and phosphori
acids) and organic acids (formic, acetic and propionic acids). Acidic pretreatment processes can be divided into dilu
and concentrated acid methods. The concentrated acid method is to use an acid concentration above 30%. It is u
with low temperature. Since concentrated acids are toxic and corrosive, the equipment to be used must be resist
to corrosion. In additioracids must be recovered. In dilute acid treatment, the acid concentration is below 10%. It is
applied with high temperature. Acid recovery is not required. It is a suitable process for continuous production. Th
use of inorganic acids such as H2S0O4 andlisl@ore common [14].

2.2.2. Pretreatment with alkali

NaOH, KOH, Ca(OH)2 and NH40H are generally used in the preliminary treatment of lignocellulosic wastes using
alkali. Thanks to the preliminary preparation processes, the lignin structure is déteraond the porosity of the raw
material increases. Thus, the surface area that enzymes can reach is expanded. The raw material becomes n
suitable for the next step, enzyme hydrolysis. In alkaline pretreatment processes using NaOH, it has been report
that the saccharification efficiency increases at low temperature and long residence time [15].

2.2.3 Pretreatment with oxidant

Combined advanced oxidation processes such as 03, O3/H202, VUV, H202/UV, O3/UV, O3/H202/UV, Fenton,
photoFenton, sonochemat oxidation (Ultrasound/H202, Ultrasound/O3 etc.), photocatalysis process It is stated
that there are processes that produce radicals with high capacity. It is based on the principle of generating hydro
radicals (OH) for the oxidative breakdown of angs [16].

2.2.4 Pretreatment with organic solvent
It is a process for the degradation of lignin and hemicellulose structure, in which organic solvents (methanol, ethanc
acetone, ethylene glycol, ethylene glycol) are used under inorganic acidisgtdB804 or HCI). With the applied

pretreat ment s, l'ignin and hemicellul ose bondsarylar e
ether and arylglycereb-a r y | & @-4) eonds ih flhe lignin macromolecule are broken, thus redueetignin
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content in the cell wall. The disadvantages of the system are that the organic solutions are expensive and the react
time is long [17].

2.3. Physicochemical Preparation Processes
2.3.1. Steam explosion

It is one of the most widely used meatment processes. The biomass is blasted with high pressure steam. By
suddenly reducing the pressure, the lignocellulosic structure is broken down and hydrolysis of the hemicellulos
structure is facilitated. The purpose of this process is to releasiedielose and monomeric sugars present in
cellulose. Steam blasting method as a preliminary treatment of lignocellulosic biomass, enzymatic hydrolysis withot
the use of chemicals. It is an environmentally friendly method because it increases iteeetisst[18].

2.3.2. Ammonia application (AFEX)

It is the process of treating the raw material with an agueous ammonia solution at high pressure and temperatu
Ammonia is one of the effective reagents because it preserves plant carbohydrates asdsimraanatic
degradation. In order to ensure the economy of the method, ammonia must be recovered. It is a simple method &
the processing time is short. With this process, cellulose and lignin can be removed. No production of fermentatiol
inhibiting sulstances. The AFEX method was used to obtain fermentable sugar from corn straw and the efficienc
of the process was investigated. The AFEX process was performed both alone and using hydrogen peroxide (|
AFEX) and the results were evaluated. It has bednrdsthat AFEX and FAFEX processes improve enzymatic
hydrolysis efficiency by breaking down the complex structure [19].

2.3.3. CO2 application

It is the process of treating with carbon dioxide at high pressure. Under high pressure (critical pressuye 73 a
carbon dioxide is kept in its supercritical state. When the carbon dioxide pressure is rapidly removed, the bioma:
explodes and the surface area of the biomass increases. Thus, the accessibility of cellulose in biomass becomes ec
No inhibition mmpounds are produced, which affect the subsequent hydrolysis and fermentation steps. Increase
enzyme activity by expanding the surface areas of substrates [20].

3. Hydrolysis

The next step after the pteeatment process is hydrolysis. Hydrolysis meaasteakdown of a molecule by adding
water and can be expressed by the following for mul
2CH3CH20H + 2CO0O2. Before fermentation, carbohydrate polymers in lignocellulosic material must be converted
into simple sigars by a process called hydrolysis. There are several possible processes for the hydrolysis ¢
lignocellulose. We can divide these hydrolysis methods into chemical hydrolysis and biological hydrolysis. At the
end of the reaction, lignin remains as apoygduct, while cellulose and hemicellulose can be converted into
bioethanol by hydrolysis and fermentation processes. In addition to the above two hydrolysis methods, there are ott
hydrolysis methods such as gamma or electron irradiation and microwadiation. However, these processes have

no commercial application. Complete hydrolysis of cellulose results in glucose, while hydrolysis of hemicellulose
yields pentose and hexose sugars obtained. Hemicelluloses in softwood materials mainly contain wiaifenose
hardwoods the predominant component is xylose [21].

3.1. Chemical hydrolysis

The degradation of cellulose by acids usually takes place in two stages, depending on the concentration. In the fi
stage, acids break down and remove the amorphegisns that they can easily reach. The cellulose whose
amorphous region is removed is called hydrocellulose. Therefore, the degree of crystallinity of the cellulose
remaining intact increases. As a result of using concentrated acids and prolongaagtilba time, cellulose can be
converted to glucose, which is its monomeric building block. The acid hydrolysis method is divided into two:
hydrolysis with concentrated acid and hydrolysis with dilute acid. Generally, for the hydrolysis process, the
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hydrdysis method with dilute acid is used. This method is usually carried out either as a step to support fermentatio
or directly to obtain sugars from lignocellulosic material. Hydrolysis with acids is a batch processstapwioethod

is generally preferikto avoid the formation of undesirable-pgoducts. Accordingly, while mild conditions are
applied in the first step, severe conditions are applied in the second step. In the first step, maximum product
obtained from hemicellulose at low temperaturhilevin the second step, more cellulose is hydrolyzed.

The parameters affecting the acid hydrolysis of lignocellulosic material are the properties of the substrate used, tl
acidity of the system and the rate of decomposition of the products durindyisigiréhe properties of the substrate
used; neutralization capacity, easy hydrolysis of cellulose and hemicellulose, proportion of-tiffiqudtolyzable
materials, length of macromolecules, degree of polymerization of cellulose, configuration loiseetibains and

other protective polymeric structures of cellulose in the plant cell wall such as lignin, pectin, hemicellulose, proteins
minerals, elements determines the relationship. The acidity of the system is the concentration of acid used, tl
amaunt of acid solution, the amount of acid released from the biomass during hydrolysis, the neutralization capacit
of lignocellulose, the liquigolid ratio, and the solubility of the solution during heating depends on the movement.
The rate of degradatianf the products during hydrolysis depends on temperature, acidity, reaction time and sugar
concentration [22].

3.2. Enzymatic hydrolysis

Lignocellulose is degraded in nature by bacteria and fungi. Cellulase, xylanase, peroxidase and laccases mainly p|
a role in the degradation of | i gxnyo coesli-ldashbmesfueandsidake] | e
UDglucuronosidase, acetyl xylan esterase and hydroxycinnamyl acid esterase play a role. Enzymes are commerciz
available from companiesish as Novazyme, Zytex India Private Limited, although they are used to isolate from
microorganisms or as enzyme cocktails [23].

4. Fermentation

Technologies for fermentation of monomeric sugar units into ethanol include separate hydrolysis and femmentatio
simultaneous saccharification and fermentation (SSF), simultaneous saccharificatiodfeantbatation (SSCF). It

is also used in neisothermal simultaneous saccharification and fermentation, simultaneous saccharification,
filtration and fermentationconsolidated bioprocessing. Other types of fermentation include batch, batch feed,
continuous and solid state fermentation, while some of these fermentation methods are as follows:

4.1.Continuous fermentation process

This process involves adding substratesture medium, nutrients to a fermenter containing active microorganisms
and continuous withdrawal of products. The resulting products are usually ethanol, cells and residual sugar. Tt
advantages of the continuous fermentation process are high pragiustivall fermenter volumes, low investment

and operating cost. Disadvantages include potential reduction in yeast capacity to support ethanol production due
the possibility of crop contamination and long cultivation time [24].

4.2 Fed-batch fermentation process
This is a combination of batch and continuous fermentation processes that involve loading the substrate into tt
fermenter without removing the medium. Compared with other fermentation processes, the batch feed process

higher productivity, mae dissolved oxygen in the medium, shorter fermentation time and lower toxic effect of the
medium. The disadvantage is that ethanol productivity is limited by cell mass concentration and feed rate [25].

4.3 Separate hydrolysis and fermentation (SHF)
Enzymatichydrolysis differs from fermentation by allowing the enzymes to operate at high temperature and the

fermenting microorganisms to operate at medium temperature for optimum performance. Since hydrolytic enzyme
and fermentation organisms work under optimzanditions, ethanol yield is expected to be high. The disadvantages
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of SHF are the high capital cost, high reaction time requirement, especially since two reactors are required, and t
possibility of limiting cellulase activities by the sugars releasethguhe hydrolysis step [26].

4.4 Simultaneous saccharification and fermentation (SSF)

Here, saccharification of cellulose and fermentation of monomeric sugars are carried out simultaneously in the san
reactor. Since the hydrolyzate is used for simultaadermentation, the usual inhibition of cellulase activities can

be avoided. The disadvantage of SSF is the change in optimum temperature required for efficient performance
cellulase and microorganisms during hydrolysis and fermentation, respecitilielyigh temperature required by
cellulase for hydrolysis can reduce microorganisms such as yeast used for fermentation [27].

4.5 Simultaneous condensation and etermentation (SSCF)

This involves hydrolysis and saccharification being carried out in the saineith the cefermentation of pentose
sugars. Generally, genetically modifi€dccharomyces cerevisiawrains capable of fermenting xylose have been
used since normakaccharomyces cerevisiaannot ferment pentose sugar. Like SSF, SSCF has thetagesiof

lower cost, higher ethanol yield, and shorter processing time. In addition, SSCF helps to minimize the inhibitior
caused by sugars during the enzymatic hydrolytic process and increases the glucose concentration ratio of xylose
most of the microrganisms consume xylose [28].

4.6 Consolidated biological processing (CBP)

For this, enzyme production, hydrolysis and fermentation must take place in a single unit. The most commonly use
microorganism in this proces§lostridium thermosellumis capableof synthesizing cellulase, which reduces
lignocellulose to monomeric sugars and produces ethanol. Although CBP is still in its infancy, advantages such ¢
less energy intensive, cheaper enzyme cost, lower investment cost and less contamination pussiblbien
identified [29].

5. Conclusion

Due to reasons such as increasing oil demand and prices, research on sustainable life, decrease in oil reserves, for
dependency, governments in many countries are turning to renewable energy sources instagdassil fuels.

The geographical and economic conditions of a country generally affect which renewable resources such
hydropower, geothermal energy, wind energy and biomass energy are preferred. Considering the geographic
conditions, forest landsultivated lands and lignocellulosic waste potential of our country, bieb@asesl bioethanol

can be considered as an alternative to petroleum. Therefore, the right choice of the raw material source al
accordingly the appropriate pretreatment, hydrslygsid fermentation processes can reduce the cost of bioethanol
production and increase product productivity.

Considering all these, the use of biomhaased bioethanol in our country as an alternative to oil or by mixing it with

oil at a higher rate wilfeduce our country's dependence on foreign sources, make better use of organic wastes ar
agricultural lands, reduce people's access to energy, and provide employment with a different job field of agriculture
origin will be provided.
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Abstract

In urbanization and urban planning; Failure to approach the concept of "land use and planning in harmony with the ground
throughout the last 100 years is unfortunately the main reason for many technical, administrative, financial and even socic
cultural probéms and painful disasters that have been and are being experienced in settlements. Resilient cities, which a
described as a sustainable backbone formed by physical systems and social structure, are of great importance for the comr
benefit of the city ad society. Cities dealing with dynamic population changes, decrease in energy resources, disasters and cris
carry the heavy burden of change on their shoulders.

The task of reducing all these problems and minimizing their effects places the respgraibilirban resilience. Urban
resilience is not only about measures to increase the durability of the building stock in the city, but also about higw to des
urban spaces and the organization of functions in space. For this reason, the necessityaptigeofprmation” that will help

urban resilience in order to prevent possible risks and to recognize problems in advance and take precautions becontes promir
once again. Cities with high fragility emerge as a result of the "risky urban texture" touilitoral problems of geological,
topographic, morphological, hydrographic and meteorological origin in the urban fabric. Therefore, one of the mosaméalistic
basic ways to understand the typology and morphology of the city is to have geographidabigeowoday's sociology and
architectural knowledge understand the effect of spatial coordinates on human identity and interpret social movements throu
this understanding. In urban planning, creating land use that ireisland provides maximum beitdf only possible by
analyzing the geographical space and geographical criteria and forming a decisive basis in the decision process. Today, it
understood that geographical information is necessary in effective decisking and planning in many &fent fields and
institutions. Making cities resilient with pisaster risk reduction measures and emphasizing the necessity of geographical
information to ensure the safety of the city and society are among the main objectives of this study.

Key Words Geography, Geographic Information, Disasters, City, Urban Resilience

1.l ntroduct ééon

Today, most of the world's population lives in cities. Cities are the center of both economic growth and social life
However, this dense urban lifestyle leads them to face various crises such as natural disasters, climate chan
economic dses and other emergencies. At this point, the concept of urban resilience gains great importance. Urbe
resilience refers to the ability of cities to withstand such crises. However, urban resilience is not limited to the physics
resilience of buildingand infrastructure. Urban resilience also involves the design, organization and management of
urban spaces. This is where geographic information comes into play. By adopting a lifestyle that is in harmony witl
the natural environment in which they live,opée try to change and transform the physical environment in which
they live to a large extent for their own benefit. Today, however, due to the dominance of human dominance, we a
in a fragile structure where the physical environment is exposed toveegapiacts and urban systems are subjected

to unexpected destructive changes, triggering complexity and uncertainties. Today, due to inadequacies in urb
planning processes and practices, cities have to struggle with many different problems suchjastmegiapatial
segregation due to the so@oonomic structure of the population, inequitable distribution of resources and services,
unemployment, urban sprawl, environmental pollution and resource depletion. "Settlement areas" or "humal

1 Corresponding author
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settlements"” i@ the places where "human beings and society and the living environment are shaped and sustaine
in the concept of "environment”, which is defined as all the physical, social and cultural conditions that affect the
existence and development of a wholgamism and the environments in which they are sheltered. These places are
a threeelemented whole consisting of an "artificial environment" in which all technical initiatives are shaped to meet
all kinds of needs of human and society, that is, the humaroeament, which constitutes the target element, and a
piece of nature surrounding it, that is, the "natural environnjét" It is important that these three elements, the
natural environment, the artificial environment and the human environment,rapatdoe within themselves and

can be adapted to changing conditions over time. However, human beings try to create an artificial environmel
independent of the natural environment without planning, projecting and geographical information.

Today, all cites and their inhabitants face a series of natural and/ornmagle shocks and stresses such as
earthquakes, floods, famine, drought, rapid migration, egttacks, epidemics, due to rapid urbanization, changing
climate and political instability. In almostvery region of the world, mamade and shaped cities have become
systems that are directly affected by disasters, while triggering disaster risks that we have faced throughout histo
and which have taken a more dangerous dimension today. In this relpaaiging and more complex world order,
where future predictions become more difficult, individuals, institutions, societies and cities are expected to be abl
to cope with, adapt to and even direct the changes and transformations as well as natureitaral disasters. In

this context, it is vital for all cities to analyze physical, social, economic and institutional systems well and to maintair
"continuous development and adaptation in the face of changing conditions". In other words, in a rapiihgcha
and increasingly complex world, individuals, institutions and societies need to be able to cope with, adapt to an
shape change. This approach overlaps with the concept of "resilience", which seeks to explain how to cope with ti
changes and challeag of an uncertain world.

It can be said that the technical application of the concept of resilience to the urban area started with ecologic
approaches. In the urban area, resilience is mainly evaluated in the context of urban planning approacttiertthe c

of climate change and disaster risks in connection with sustainability. It is aimed to create urban resilience b
planning cities before and after they encounter environmental disasters. When the concept of resilience is associa
with urban goalsuch as sustainability, economic development and governance, the importance of creating a resilier
city in urban planning will be more clearly understood in terms of the ability of the urban system to transfer
information and resourc48]. In this studythe necessity of "geographical information" in creating urban resilience
and the necessity of geography for the city and urban resilience with the science of geography becoming an appli
science will be emphasized. Applied geography is important in tefreisowing the ways of utilizing the natural

and social structure of the space in an appropriate and efficient way. Therefore, the necessity of geography in creati
resilient cities and increasing urban resilience will be the main axis of this study.

2. Urban Resilience and Geographic Information: A Powerful Alliance Shaping the Future of Cities

Urban areas are continuously growing centers that house a large proportion of the world's population. While thi
growth increases economic opportunities amal intensity of social life, it also forces cities to cope with natural
disasters, climate change, economic crises and other unexpected events. It is in this context that the concept of "url
resilience” gains importance. While cities have the potentiaintprove people's quality of life, economic
development and social welfare, they also pose a range of environmental, economic and social challenges. This pa
explores the critical role of geographic information in building resilient cities. Dense lifdsdyles expose us to a
variety of crises such as natural disasters, climate change, economic crises and other emergencies. Urban resilie
refers to the ability of cities to withstand such crises. But it is not limited to the physical resilienceliobbuand
infrastructure. The design, organization and management of urban spaces are also central to this concept. This
where geographic information comes into play.

Geographic information is a key component of urban resilience. Collecting, anayzingsing geographic data is
critical for cities to become resilient to disasters and cope with crises. Geographic information systems (GIS) fulfill
important tasks such as identifying potential hazards, conducting risk analyses and coordinating emergenc
management.
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Human beings, who have developed close ties with the natural environment and its surroundings, have changed tr
environment with the transition to settled life and have been affected by the conditions of the natural environmen
Cities, whid constitute the important stage of this interaction, have revealed the most magnificent results of the
interaction of human and nature. Change, which is one of the most important features of cities that have been shay
over time in the historical procesontinues at a dizzying pace today.

One of the most important factors that cause this change is the increase in the need for housing with the increas
population and the need for work and living spaces cause the growth and development tendenigigsAs ai

result of this tendency, horizontal and vertical urban growth is realized by ignoring physical and human geograph
conditions. As a result, human mind, intelligence, experience and preferences come to the forefront as the ma
determining facta in urban structuring rather than the natural environment.

As a living space, cities are human ecosystems where many natural and cultural factors coexist and interact with ec
other. In this system, on the one hand, natural environmental conditidnassait, soil, water and plants, and on the
other hand, soctieconomic activities such as transportation, trade, industry and tourism, which must be continuously
developed for economic development, are in the same area and intertwined. Cities are hgeegmeople with
different ethnic, social and cultural habits, lifestyles and social profiles, with varying environmental perceptions,
have to live together. Such a large size, dense construction and urban mobility create a serious pressure on the ur
environment, and cities often turn into "risk spaces" that become the focus of environmental degradation an
pollution [12]. In particular, overpopulation due to migration and the accompanying misuse of land have a negative
impact on the resilience of citieat the same time, heavy traffic, excessive industrial production, irregular settlement
areas and illegal structures have led to increased discussion of livability, sustainability and urban ecology in the cit

The piece of nature on which the city ettked is subject to a certain order of functioning created primarily by the
components of the natural environment. Natural environmental components such as geological structure ar
geomorphological features, climatic conditions, hydrography, water resouwail and vegetation determine the
future of the settlement by shaping the lifestyles and economic activities of the people living in (h& oty ma n ,
1991: 102, Kar adaj T@herdforeKtbe emargence, 2dvdlopment and .urban identity of a city
depends on natural environmental components such asitgéiéion conditions and topography (geological and
geomorphological), climate, dpvegetation and water resources. The natural and cultural environmental components
that make up the "Geographical Environment" overlap with urban areas. In urban settlements, it is imperative t
create a settlement layout/space organization in accorgaticthe natural environmental components functioning

in the selected geographical or ecological environment.

The concept of resilience is related to the capacity of ssmitogical systems to cope with change, adapt and direct
change, as well as thepacity to adapt and direct change, and to get used to living with unexpected ¢danges
Servillo and Reimer (20132) define resilience as "return to normalcy in the face of changes and threats caused
changes". In addition to the different definitidhat try to explain the concept of resilience, the main points that are
focused on are "the ability to adapt and transform to change". Integrating resilience into the urban planning proces
using the evolutionary explanation of the concept, is of sti@tegiortance for successfully managing change and
increasing the rapid recovery capacity of cities.

The concept of "urban resilience" or "urban resilience", which is one of the fundamental principles of sustainable
urban development in global developmé&aimeworks and goals, is the concept of "urban resilience", which refers
to the ability of individuals, communities, institutions, businesses and systems in a city to survive whatever chronit
stresses and acute shocks they experience, The future ofesoaiddi cities is directly proportional to how resilient
they can be in the face of such situations and necessitates urban policies and practices that inclagereaylti
multi-dimensional, holistic approaches.

The concept of resilience was first iduewed in ecology by Holling in 1973 as "the ability to absorb disturbance and
change without losing the interrelationship between its constituent elements prior to distupb@hcdiowever,

this definition of resilience by Holling has been criticized focusing on the structure and identity of the system.
Because it is stated that ecological resilience is related to the state of the functions of the system rather than the s|
of the elements of the systdB]. The fact that resilience is addressgdebological and other disciplines has led to

115



multidimensional and different definitions of the subject. But ultimately, resilience has emerged in response tc
environmental hazards emerging in the social and institutional perspective in relation tandtigisnning19].
Therefore, it is addressed within the context of disaster threats related to sustainability in cities and urban arec
climate change and rapid population growth.

3. Geographic Information: The Main Axis of Urban Resilience

Geographicinformation helps cities become more prepared and resilient to natural disasters, climate change an
other crises, while contributing to building more sustainable and livable cities. This powerful alliance is an important
tool to improve people's qualitf life and safety while shaping the future of cities. As a key axis of urban resilience,
geographic information will continue to play a critical role in making the cities of the future safer, more resilient and
more sustainable.

The human and artificia#dnvironment created by human modification of the natural environment brings various
dangers as well as facilitating life. However, human greed and the ability to disrupt the natural balance brings risk
with it. However, seismicity, geological risks anatural resources are ignored when making settlements or urban
planning. Urban settlements where population and building stock accumulate over time face the devastatin
consequences of disasters. In order to minimize the consequences of being caughteghimmepatural disasters

that cause loss offéi, property and urban fabric in a short time and unexpectedly, the geographical information axis,
which is essential for urban resilience, is of gre
today's cities, in addition to ineviile natural causes, are mostly caused by urban planning mistakes that do not
comply with local principles and decisions, unconscious and unmethodical settlement area choices, and uncontroll
and inadequate technical initiatives in implementation.

As a esult of the "risky urban fabric" built on natural problems of geological, topographic, morphological,
hydrographic, meteorological origin in the urban fabric, cities with high vulnerability emerge. Therefore, one of the
most realistic and fundamental wagsunderstand the typology and morphology of the city is to have geographical
knowledge. Topographical knowledge is a process that controls urban life, and the topographical factors on whic
cities are located are important elements that people livingias are not aware of but affect their lives. These
factors such as geomorphology, slope, elevation and aspect have a great impact on urban texture. When th
topographical elements are ignored during the planning phase of cities, the result thatitea® not resilient.
Therefore, the relief drawn by topographical processes has strategic value in urban planning. Especially in tf
planning, establishment and development processes of the city, topographical characters should be analyzed w
Knowingthe characteristics such as geological structure, faults, seismicity at the planning stage of the city will ensur
that the city planning process and the following stages are carried out in a healthy way. Therefore, geomorpholog
one of the important ageof topography, is a stakeholder in the functioning of spatial planning.

Factors affecting urban morphology and urban form in general;

Natural factors (Features of the place of establishment such as mountains, plains, valleys)
Population structure

Econonic structure of the city

Political preferences

Level of technological development

Transportation systems

=a =4 -8 _-a_-a_-9

Such features have an impact on urban structure and urban resilience. The planning of urban space by taki
geographical elements into consideratievaluates the ways in which geographical elements and settlements come
together, with their spatial dimensions, and addresses change over time.

Kentlerin kuruluku, -gkbonemmk , bpyyaoemesi | okaspyaiyloar é
bajl é olarak dejikmektedir. Y¢gkselti, i klim, yer kK
birinin veya birka-énén yer | eK3hd8heynajority of sedlementsiimldrkey ° n

have developed withut taking into account the natural environment characteristics of the place where they were
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established. Especially in cities with a deepted history in terms of settlement history, cities grow towards the
peripheries without taking structural featumne® consideration. However, cities that grow uncontrolled with rapid
urbanization transform the natural environment with transportation, settlement texture and industrialization. In orde
to minimize the damages that may arise from this transformatibanwevelopment must be controlled. "For this
purpose, geological and geotechnical conditions as well as social, cultural and economic conditions of the regic
should be evaluated very weJll'4]. However, in our country, urban plans are generally caoigan the basis of
readymade plans and thus the relations between the natural environment and urbanization remain in the second pl
Therefore, geological structure is one of the most important natural environmental features that should not b
neglecte in urban development, especially in site selection.

Population criterion is an important factor to be taken into consideration in resilient urban structuring. "Population
growth" refers to the density of the population in Turkey and the world aslaafthe different design, distribution

and dispersion of the population on the globe, continent, country, region and smaller geographical units, even on
neighborhood or street basis. Asylum seekers and refugees are the second global problem ¢hiaats/e of
population, and migration, as a movement of displacement, precedes geographical logic. According to the first cens
in 1927, Turkey had a population of 13,648,270, with 75.8% of the population living in towns and villages and 24.2%
in provindal and district centers. According to the results of the Address Based Population Registration System 202
announced by TurkStat, 93.2% of the population lives in provincial and district centers (World Bank, 2021) (Chart
1). With nearly half of the world'population now living in urban areas (projected to increase tthivets by 2050),

urban areas are overpopulated beyond their carrying capacity, leading to urban problems. Overpopulation negative
affects urban resilience. In an overpopulated cigglidg with unexpected events such as natural disasters or
epidemics can become more difficult. Therefore, it is important for local governments to consider overpopulation ir
urban planning and take necessary measures.
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Figure 1. Urban Population Raten iTurkey and the World by Years (%purce: https://data.worldbank.org/indicator

Climate characteristics; the distribution of large cities on the world map proves the fact that climates
suitable for human life are effective in the birth and developmieaities. The dominant wind direction plays an
important role in the placement of industniekidential areas of cities. Settlements established in the fully dominant
direction cause dust, smoke, soot and pollufitlf]. Risks and threats such as extreweather events, climate
change, floods, floods, sea level rise, severe storms, drought, forest fires threaten urban areas. Environmental
sociceconomic risks arising from climate characteristics differ according to the level of development of countries
and the resilience levels of cities. Therefore, for urban resilience, it is important to know the resilience power of eac
city's physical, environmental, soedzonomic and morphological characteristics against climate change in order to
reveal the "redient city" phenomenon. As Denton et al. (2014) state, in order to build resilient cities against
climate change and climatelated uncertainties, it is necessary to both mitigate the risks, threats and impacts of
climate change and ensure adaptation
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As a result, climate is one of the most important factors determining the general appearance and potential of a regi
Since the climate is effective in various issues such as planning of the area, industrial site selection, agricultur
potential, heting needs of dwellings, capacity of air conditioning facilities, road construction and even the
construction of insurances related to natural disasters, applied climatology studies should be taken into considerati
while planning. Applied climatology pwides information on where, when and how to perform the work in the best
and most rational way, as well as offering solutions to the problems to be encoifjtered

Thanks to urban planning, detailed information on the landforms, general geologictlretraimatology, soil
structure and vegetation distribution of the area contributes to the healthy execution of the planning phase and
detailed analysis of the area is made. As ¥ztan (1
of the problems experienced, urban planning mistakes that do not comply with local principles and decisions
unconscious and unmethodical settlement area choices and uncontrolled, inadequate or incorrect technical initiativ
in practice are much more impant.

As stated by Akdemir et al. (2015), "it is emphasized that the first preparation in the preparation phase of region:
and city plans should be done primarily by geographers. However, by emphasizing that the plan will not be entirel
the work of gegraphy science, attention has been drawn to geographical knowledge in planning. In order to ensur
resilience in planning, it is essential to determine the geographical potential of the area. The landforms, gener
geological structure, climatological clateristics, hydrography, water resources, soil structure and vegetation cover
of the area where the city will be established should be determined through detailed research.

The Role of Geographical Information in Urban Planning; Geographical informatiorcontains important
information about the natural environment in which the city is built. Having this information offers various
advantages in urban planning. Some important aspects of the role of geographic information in urban planning:

1 GeologyGeomorplology Information: Understanding the geological and geomorphological conditions
under which a city is built is important for the safety of settlements. Knowledge of geology and
geomorphology forms the basis of urban resilience. Proper use of this knowtdpgeities become more
resilient to natural disasters, environmental threats and other risks and supports urban sustainability.

1 Climate and Hydrography Knowledge: Climate conditions and the management of water resources ar
critical to urban sustainakty. Geographic information is crucial for protecting water resources, reducing
flood risks and optimizing energy consumption.

1 Vegetation and Pedology Knowledge: Knowledge of vegetation and soil properties is important for the
protection of green areasetdevelopment of agriculture and the preservation of environmental balance.

1 Population and Settlement Information: Identifying population distribution and settlement areas helps in
planning infrastructure and services. As the population of cities incraase$nformation is needed to
provide better services in areas such as transportation, education and health.

1 Knowledge of Urban Geography and Economic Activities: knowledge of urban geography and economic
activities plays a critical role in strategic prang and management to enhance urban resilience. Based on
this knowledge, factors such as job opportunities, infrastructure, environmental protection and social
solidarity can strengthen urban resilience and enable cities to be better prepared for crises.

Geographic Information Systems (GIS): A Key Tool for Urban Resilience

Geographic Information Systems (GIS) and urban resilience are two important concepts that play a critical role il
preparing for and coping with the various crises facing modern.ditigh geographic information systems (GIS),
applying geographic information to the city has become a functional situation. Practical benefits are provided witt
the help of threelimensional visuals such as queries, comparisons and possible scenarioapl@edgformation
Systems (GIS) is an information system created for collecting, entering, storing, querying, spatial analysis, displayin
and outputting spatially based information (graphics and attributes) in computer environment. GIS uses both spati
data and nowspatial attribute data to solve spatial problems and answer some questions. This feature is the mo

118



important feature that distinguishes GIS and GIS software from other software and systems (CAD mapping softwar
etc.). GIS constitutes the eting point of technological fields and traditional disciplines.

Cojrafi Bil gi Sisteml er i (CBS) , kent sel diren-|
aragGgvagmegzde, me k ©n s al ve mek©nsal olrm@&ywa@Eamdace il las
°ng°r ¢l mesi ger ekl i analiz s¢re-lerinin yéreéeteéel me
pl anl ar é, politikalar ve wuygul amal arén hayata nge-|
yarar|l anél maktadér . Kent sel sistemler gi bi kar macké
d¢zeye indirilebil mesi i-in teknoloji tabanl ée[6luygul
[20];[22].

In interdiscplinary studies such as disaster management, GIS provides fast and effective solutions for purposes su
as storing, analyzing, querying, mapping, managing spatial andpatial data that can be obtained from different
institutions (relevant ministrie®AFAD, local governments, universities, nrgovernmental organizations, etc.) in
different formats (vector data, raster data, etc.), analyzing, querying, mapping, managing and directing the plannir
process by using them in decision support sysf8in3 hrough these webased platforms, which are created using
Geographic Information Systems (GIS) technologies and frequently updated, risk scenarios and policies can |
developed at local and central scales in order to be more prepared and resilient endhditasters, and gains that

will change the course of the pandemic in favor of humanity can be ach@dygtb]. GIS opens the door to new
ways of thinking, planning and problem solving using spatial information. This technology is already in asg in m
public and private sectors, enabling decisio@kers to present “informatiariented and complex data in a
meaningful and visual way". GIS makes it possible to process and analyze more information in a short time.

Geographic Information Systems &) which stand out as an important tool for urban resilience, help cities to be
more prepared for crises and manage them effectively. Here are some key points on the importance and role of G
in urban resilience:

1 Risk Analysis and Mapping GIS is a ctical tool for identifying potential hazards and creating risk maps.
Identifying factors such as earthquake hazard, flood risk, fire risk and mapping this information is a
fundamental step in urban planning and crisis management. By showing these rigkplgeally, GIS
helps identify which areas are more vulnerable.

1 Emergency ManagementGIS increases the capacity for a quick and effective response in a crisis. By using
geographic information data, emergency management teams can quickly reach thexdaffectvely
coordinate needs and resources. GIS also plays an important role in emergency planning processes suct
determining evacuation routes and locating emergency shelters.

1 Infrastructure and Resource Management:For the sustainability and resilice of urban infrastructure,

GIS provides the necessary data to maintain and improve infrastructure. The use of geographic informatio
is critical for the management and emergency repair of basic services such as electricity, water, ga:
communication. G& is used to determine how this infrastructure can be improved according to settlements.

1 Urban Planning and Management:GIS improves and guides urban planning and management processes.
Regulation of construction in risky areas, protection of green arelglaming of emergency evacuation
routes become more effective with the use of geographic information. During urban planning, GIS makes i
possible to design safer and more sustainable urban developments.

GIS is therefore a fundamental tool to increadsaun resilience and help cities become more prepared and resilient
to crises. The geographical information provided by GIS can be used in many areas such as risk identification, cris
management, infrastructure improvement and urban planning to makeuteedf cities safer and more sustainable.
Therefore, the role and importance of GIS in urban resilience is increasing.

4Concluséon And Assessment

Today, urbanization is increasing rapidly, posing new challenges to the sustainability and resilience of cities
However, one of the main reasons why cities are facing various problems is that in the past, and even toda
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insufficient attention has been paid to land use and planning in harmony with the ground. This leads to the emergen
of technical, administrative, financial and sacigtural problems and bitter disasters.

Urban resilience aims to help cities become resitiestich problems and cope with crises. Geographic information

is a very important tool for achieving this resilience. Geographic information provides a better understanding of the
relationship between cities and their natural environment. Analyzing hfdatars such as geology, topography,
hydrography, climate and many more helps to identify risks in advance. With the help of geographical information
it makes a great contribution to improving urban infrastructure, improving transportation, carryingbant
transformation works effectively and creating a healthier city and urban society. The use of geographic informatiol
to make cities safer and more sustainable plays a critical role in reducing environmental threats and minimizing tr
effects of disagrs.

Geography is a synthesis science that reveals the characteristics of spaces formed by the mixing of hatural and hur
elements in different proportions according to place and time, and a cultural discipline that explains the reasons fi
the differat appearances of spaces. Knowing the character of the place and evaluating it in line with the origina
place character, taking the dynamic harmony with the function area and its environment, that is, sustainability as
basis, is the main factor in makithe planning safe, functional and economically feasible. As a result of the "risky
urban fabric" built on natural problems of geological, topographic, morphological, hydrographic, meteorological
origin in the urban fabric, cities with high vulnerabil@ggnerge. Therefore, one of the most realistic and fundamental
ways to understand the typology and morphology of the city is to have geographical knowledge. The fact that th
urban structure is not only composed of physical structures but also a sodiaklpetionomic, ideological, cultural
structure imposes many different perspectives and different meanings. The city is not only a physical, ecological, b
also a social, economic and political structure where resistance must be developed againsitidetenl
disturbances.

The issue of which climate chanbased disaster threats and their negative impacts the city will face and what is the
vulnerability level of the city against them can be evaluated in the context of various factors such ahigabgra
characteristics of the city, climate structure, population size, population density, vulnerable population size, incom
status and welfare level, sog@oonomic structure, size and distribution of urban green areas, access to health anc
infrastructwe services, institutional structure. Thus, depending on the size of the area and population that will be
exposed to the negative impacts of climate change, the size of permeable surfacesosociic development

level, access to infrastructure servicasd the existence and effectiveness of disaster management, the capacity of a
city to cope with disasters, to show resilience against disasters and to compensate / recover from possible dama
as soon as possible is revealed. As a result, thanks tgrégédnc information” to create resilient cities:

To create resilient cities that do not threaten the environment and are not threatened by disasters,

To have knowledge of geologgeomorphology, climate, hydrography, vegetation, pedology related to the

natural environment in which cities are established, as well as knowledge about population, settlement

housing, urban geography and economic activities related to the human environment,

1 That the continuous and uncontrolled growth of cities is contratyetmatural processes on which human
well-being depends,

1 We should not forget that as long as we do not give due importance to the natural environment, social value

social needs and living together, we will face the risk of facing disasters.

1
1

In conclusio, geographic information is a key element that shapes the future of cities. Geographic information shoul
be recognized as a guiding principle in identifying and solving the fundamental problems facing the world.
Integrating geographic information and ilogs inevitable for cities to become resilient, protect the environment and
ensure the safety of society. Therefore, the use of geographic information in urban planning and management
important for shaping the future of cities and creating a moreléwabrld.
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Abstract

Pesticides are essential tools in modern agriculture, aiding in the protection of crops against various pests andalisyases. H
their pervasive use has raised significant concerns regarding their impact on aquatic ecosystemigw pivales a succinct
overview of the effects of pesticides on these delicate environments, synthesizing key research findings and highlighting th
urgency of addressing this issue. Pesticides can have direct toxic effects on aquatic organismg fistiudimphibians,
invertebrates, and even microorganisms. These toxic impacts can lead to reduced populations and potential disruptions to 1
ecosystem's structure and function. Pesticides can set off a chain reaction of ecological consequergamdypacific pest
species, they can inadvertently disrupt natural pregatyr dynamics, potentially leading to cascading effects throughout the
food web. Pesticides can degrade water quality by altering nutrient levels, reducing dissolved oxyaectamgi pH levels.

These changes can disrupt the overall health of aquatic systems, making them less habitable for native species. €éein pesti
have the ability to bioaccumulate in aquatic organisms. This bioaccumulation can lead to elevaidéd pesatientrations in
species higher up the food chain, ultimately affecting not only wildlife but also human health when contaminated organisms ar
consumed.

The aim of this review is to shed light on the critical issue of pesticide pollution in agoasigseems, emphasizing the-far
reaching consequences it holds for both the environment and human society. In this text, we endeavor to provide a a@mprehens
understanding of how pesticides, despite their agricultural benefits, can disrupt the deléicate bbaquatic ecosystems.

Keywords: ecosystem, biomagpnification, pesticides, toxic effect
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1. Introduction

Pesticides, while designed to protect crops and manage pest populations, have become a significant environmer
concern due to their poteatias pollutants. When pesticides are used in agricultural andgrmultural activities,
they can enter ecosystems and water bodies, leading to a range of environmental problems [1].

2. Pesticides

Pesticides are a vital component of modern agricylasmering as a crucial tool to protect crops from pests, diseases,
and weeds. They have played a significant role in increasing food production, ensuring food security, and reducir
crop losses due to various threats. However, the use of pesticidesisdsoimgortant environmental and health
concerns, necessitating a careful balance between their agricultural necessity and environmental responsibili
Pesticides are classified into different categories based on their mode of action, chemical comgpusitended

use. Here is an overview of the main types of pesticide classification [2]

2.1. Based on target pest

InsecticidesThese pesticides are designed to control insects, including pests like aphids, mosquitoes, ar
caterpillars. Insecticides wabe further classified based on their target insects, such as herbivoreus, sap
sucking, or chewing insects [3].

Herbicides: Herbicides are used to control unwanted vegetation or weeds that compete with crops fo
nutrients, water, and sunlight. They aesigined to selectively target plants while minimizing harm to other
organisms [4].

Fungicides:Fungicides are used to prevent or treat fungal infections in plants, such as powdery mildew
rust, or blight. They help protect crops from diseases causeahiy]§].

RodenticidesThese pesticides are formulated to control rodent pests, including rats and mice. They ar:
used in agricultural and urban settings to prevent damage and disease transmission. In developed countr
rodenticides are primarily used tontrol commensal rodents such as brownRatt(is norvegicys roof

rat (R. rattug, and house mice (Mus spp.) for hygienic and public health reasons, in agricultural animal
husbandry, in the food industry, and to a lesser extent for storage andahpatggction. Rodents pose a
hazard to human health because they carry and transmit a vast array of diseases to humans and tl
domesticated animals [6].

2.2. Based on chemical composition

Organophosphatesthis class of pesticides includes compourkis inalathion and diazinon. They affect
the nervous system of pests and are used to control a wide range of insects and some mites [7].

Pyrethroids: Pyrethroids, such as permethrin and cypermethrin, are synthetic chemicals modeled afte
pyrethrins, natudansecticides derived from chrysanthemum flowers. They target a variety of insects. Six
natural pyrethrins are insecticidally active chemicals in pyrethrum and are formed by cyclopropylcarboxylic
acid and cyclopentenone (or alcohol) through esterificaBgrethroids are biomimetically synthesized by
chemical methods of simulating the structure of pyrethrins [8].

Neonicotinoids:Neonicotinoid pesticides, like imidacloprid and clothianidin, affect the central nervous
system of insects and are commonlyduseagricultureNeonicotinoids (NEOSs), a class of relatively highly
selective insecticides, have quickly swept-bmarth of the global market since the launch of imidacloprid
(IMI) in 1991 [9].
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Glyphosate Glyphosate is a widely used nealective herlmide that inhibits the growth of plants by
interfering with their ability to produce essential proteiftsese compounds are usually classified by their
herbicidal mode of action and their molecular targets . Atrazine, a member of triazines family, is a
phot osynt hesis inhibitor. It interacts with the
electron transport chain [10].

2.2. Based on mode of action

Contact Pesticidesthese pesticides work upon direct contact with the target fesy. are often used for
fastacting control but may require thorough coverage.

Systemic PesticideSystemic pesticides are absorbed by plants and then ingested by pests that feed c
them. They offer longelasting protection.

Residual Pesticide®esidial pesticides remain effective for an extended period after application. They are
often used to create a barrier against pests.

Fumigants:Fumigant pesticides are volatile compounds that form toxic gases when applied. They are use
to control pests inreclosed spaces like grain storage facilities [11].

3. Pesticides as a pollutant
3.1. Distruption of food webs

Aquatic ecosystems rely on intricate food webs where various species are interconnected. When pesticic
are introduced into these systemsytbhan have a cascading effect. The elimination of certain species due
to pesticide exposure can disrupt the balance of these food webs. For example, the loss of aquatic inse
can harm fish populations that depend on them for food. Any insecticide captdisfood web when
susceptible species directly encounter toxic residues at the time of application or come into contact wit
contaminated media. This environmental exposure, at lethal or sublethal levels, can weaken links in foc
webs and, depending dhe trophic level affected, can reduce prey availability, alter competition, and
release prey from tedown control [12].

3.2.Habitat alteration

Pesticides that find their way into aquatic systems can lead to habitat alterations. Herbicides, fer;, imstakd|
aquatic plants, leading to reduced oxygen levels and changes in water chemistry. This can have a detrimental imp
on the entire ecosystem, affecting both aquatic flora and fauna [13].

3.3.Bioaccumulation

Some pesticides are persistent aad accumulate in the tissues of aquatic organisms. This process, known
as bioaccumulation, can result in high concentrations of pesticides in top predators. When humans consui
fish or other aquatic species exposed to pesticides, they may unknowingiytitege harmful chemicals,
posing risks to human health. Most of the pesticides used are a threat to living organisms, both terrestri
and aquatic, due to their high toxicity and ability to bioaccumulate [14].

3.4. Algal Blooms

Certain pesticides, sues those used in agriculture, can promote the growth of algae in water bodies. Algal
blooms can deplete oxygen levels in water, leading to "dead zones" where aquatic life cannot thrive. The
dead zones can have devastating effects on aquatic ecosysteiims arganisms that depend on them. The
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|l et hal effect of four insecticides (chlorpyrifc«
on waterfleas and copepods induced trophic cascades that facilitated algal blooms and abiotic &anges [1

3.5. Contamination of Drinking Water

Pesticides can leach into groundwater and contaminate drinking water supplies, affecting human healt
Vulnerable communities that rely on these water sources may be at risk of exposure to pesticide residu
Thetraditional pesticide before the 1940s was derived from the toxic heavy metal of arsenic, copper, lea
and mercury. These chemicals are partially soluble in water; therefore, their residues present in foods &
of far greater concern than in drinking wates].

3.6. Pesticide Toxicity in Aquatic Ecosystems

Pesticides are designed to be toxic to target pests, but they can also hdargebarganisms in aquatic
environments. Fish, amphibians, aquatic invertebrates, and even aquatic plants can semmsghtg to
pesticide exposure. Pesticides may disrupt the nervous systems of aquatic organisms, impair the
reproduction, or cause acute and chronic health issues [17].

Pesticides, designed to combat pests and boost agricultural productivity, aldecediged sword when it
comes to aquatic ecosystems. While they are effective in controllingdaropging pests on land, these
chemical warriors can become aquatic assailants when they find their way into water bodies. The toxicit
of pesticides in aquatiecosystems is a complex and concerning issue that warrants careful examination
Among all the toxic substances that run off into the aquatic ecosystem, pesticides are of major concern
they are known to cause serious threats to the biological organish&ling human beings. Through
several different routes such as spillage, industrial effluent, surface runoff, or through péastatied

soils, these toxic substances enter into the water sourcd8][17

3.6.1. Routes of Entry into Aquatic Ecosystas

Pesticides can infiltrate aquatic ecosystems through various pathways:

Surface RunoffRainwater or irrigation can carry pesticide residues from treated fields into nearby rivers,
lakes, and streams.

Leaching:Pesticides can percolate through soitl anto groundwater, eventually reaching surface water
bodies or contaminating drinking water supplies.

Drift: During pesticide application, wind can carry pesticide particles away from their intended target areas
depositing them into adjacent water esdor sensitive habitats. Through several different routes such as
spillage, industrial effluent, surface runoff, or through pestitidated soils, these toxic substances enter
into the water sources [12D].

3.6.2. Toxic Effects on Aquatic Life
Pestcides, once introduced into aquatic ecosystems, can have a range of toxic effects:
Direct Mortality.: Many pesticides are toxic to aguatic organisms upon direct contact or ingestion. Fish,

amphibians, aquatic invertebrates, and even aquatic plants canfsufi acute poisoning, which can lead
to death.
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Sublethal EffectsEven nordethal pesticide exposures can have detrimental effects. Sublethal doses car
disrupt behavior, reproduction, and growth, ultimately affecting the population dynamics of apeeitss.

Bioaccumulation Some pesticides are persistent and can accumulate in the tissues of aquatic organisn
over time. This bioaccumulation can lead to high concentrations of pesticides in top predators, increasir
their vulnerability to toxic effets.

Altered Ecosystem Dynamidesticides can disrupt the delicate balance of aquatic ecosystems by affecting
the abundance and distribution of species. For example, the elimination of aquatic insects can harm fis
populations that rely on them as adaource [2123].

3.6.3. Environmental Persistence

Certain pesticides are designed to persist in the environment, which can exacerbate their toxicity in aqua
ecosystems. Persistent pesticides can accumulate in sediments, where they may remaindid exte
periods, continuing to impact aquatic life long after their initial application [24].

3.6.4. Human Health Concerns

Pesticides that contaminate water bodies can pose risks to human health when used for drinking wat
supplies or recreational actives. Additionally, pesticide residues on fish and other aquatic organisms can
pose health concerns when consumed by humans. It has been shown that exposure to pesticide resic
may cause reproductive toxicity to both men and women, disruption in the iered®stem, enhancement

of human breast cancer and prostate cancer, Parkinson's disease, and cardiovascular t@8gity [25

Pesticide toxicity in aquatic ecosystems is a critical environmental concern that demands carefu
consideration and responsibleanagement. Balancing the need for pest control in agriculture with the
protection of aquatic habitats is crucial for preserving biodiversity, safeguarding human health, anc
maintaining the health of our water bodies. Achieving this balance requires laocatiieze effort among
farmers, regulators, scientists, and the public to mitigate the detrimental effects of pesticides on aquat
ecosystems [228].

4. Conclusion

In conclusion, the effects of pesticides on aquatic ecosystems are undeniably sicamficantitifaceted.

While pesticides serve a crucial role in modern agriculture by safeguarding crops against pests, they al:
pose a considerable threat to the delicate balance of aquatic environments. The unintended consequer
of pesticide use in theszosystems are faeaching and encompass a range of ecological, biological, and
environmental impacts.

Pesticides, when they enter aquatic systems through runoff, drift, or direct application, can exhibit toxic
effects on various aquatic organisms, frbsin and amphibians to invertebrates and plants. These toxic
effects can disrupt the normal functioning of these ecosystems, leading to imbalances in food chain
biodiversity loss, and habitat alterations.

Moreover, pesticides have the potential to [stiisi water bodies, posing lottgrm threats to aquatic life,

as well as human health when contaminated water sources are used for consumption. The phenomenor
bioaccumulation further exacerbates these concerns, as higher trophic level organisms maiatsccu
pesticide residues to dangerous levels.
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Efforts to address the detrimental effects of pesticides on aquatic ecosystems requirepeongdd
approach. This includes the promotion of responsible pesticide use practices, the development and adopt
of integrated pest management strategies, and the continual improvement of pesticide formulations that ¢
less harmful to notarget species and the environment. Robust regulatory frameworks, strict monitoring,
and public education also play pivotaleslin safeguarding these vital ecosystems.

In this everevolving relationship between agriculture and the environment, striking a balance is paramount
The challenge lies in ensuring food security and sustainable agricultural practices while miningzing th
ecological and health risks posed by pesticide pollution in our aquatic ecosystems. A harmoniou
coexistence between agriculture and the environment is not only possible but essential forkieagell

of both ecosystems and humanity in the long term.
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Abstract

Heavy metal pollution in aquatic environments poses a growing global concern due to its detrimentalirepasystem health,
biodiversity, and human welleing. This review provides a comprehensive examination of the sources, distribution, and
ecological risks associated with heavy metal contamination in aquatic ecosystems. It synthesizes recent mdsegr@ndi
emphasizes the urgent need for effective mitigation and management strategies. The review elucidates various sources of he
metal contamination, including industrial discharges, agricultural runoff, urbanization, and atmospheric deposition. It
underscores the role of anthropogenic activities in exacerbating metal concentrations in aquatic systems. Through a thorou
analysis, the review maps the pathways of heavy metals in aquatic ecosystems, from entry points to their transpor
transformationand accumulation in sediments and biota. It highlights the complexity of metal dynamics and their persistence
in aquatic environments. The article investigates the adverse ecological consequences of heavy metal contamination, includi
toxicity to aquatt organisms, disruptions in food webs, and kemgn ecosystem degradation.

This comprehensive review underscores the critical need to address heavy metal pollution in aquatic environments@s a press
global environmental challenge. The synthesis ofrrecesearch findings and the emphasis on mitigation and management
strategies underscore the urgency of taking concerted action to safeguard the health and sustainability of our aqiestis.ecosys

Keywords: Heavy metals, Aquatic Environments, Toxic effec
1. Introduction

Accumulation of heavy metals (HMs) in receiving aquatic environments constitutes a problem on a universal scal
as it causes bioaccumulation in aquatic organisms. All previous studies have shown that HM accumulation caus
dangerouslytoxic effects on aquatic organisms. Common toxicities caused by HMs also include growth inhibition

of living things, decreased survival ability, oxidative stress formation, tissue damage, respiratory tract obstruction
and intestinal microbial dysbiosis.

The most important problems caused by HM accumulation are exposure to various toxic effects (oxidative stres
inflammation, histological damage and genetic mutations) and microbial changes that occur in the intestines. [1
Since heavy metals also cont&iic properties, when they penetrate the body through permeable membranes (such
as gills), the natural metal ions of metabolic enzymes are changed and protein structures are disrupted, DNA cro:
links are formed that can disrupt the cell cycle, and pge®blem when they interfere with different reactions [2].

1Corresponding author
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When aquatic environments are exposed to heavy metal pollution, it is inevitable that another component of aqual
environments is heavy metal toxicity. The majority of these heavy metal sammesist of industrial wastewater
containing numerous types of heavy metals, wastewater from mining activities and finally urban sewage water [3
Although the degradation of heavy metals is quite laborious and difficult, they pose serious dangersoh terms
environmental safety, living food and health, thanks to the bond chains they have, as their bioaccumulation becom
easier in living organisms. As a result, it is important to evaluate and detect the impact of heavy metals on ecologic
societies [5].

It is obvious that living creatures in the aquatic environment and people who benefit from these environments can |
negatively affected by pollution caused by industry, transportation, agriculture, mining, energy production, nuclea
energy, weapons prodian, and other activities. Some pollutants, especially heavy metals, that penetrate aquatic
environments cause bioaccumulation in biota in water systems, with to their properties of being both persistent ar
toxic. The pollution load caused by heavy mefabm industrial and agricultural activities negatively affects fish
and wildlife. Acidic conditions accumulated in streams, rivers and lakes exposed to pollution from metal mining
operations are factors that increase toxicity [6]. The sources of heasis maturally found in coastal ecosystems

are anthropogenic practices such as mining, urban development, wastewater treatment, agriculture, burning of fos
fuels, marine disposal of municipal solid waste andfaunfing paints [6].

The ways that livig things in the marine ecosystem are exposed to heavy metals consist of ingestion througt
digestion, passage into the intestines, and entry into the gills through respiration [7]. When heavy metal intak
exceeds the threshold value for detoxification axctegion, these toxic substances will bioaccumulate in various
tissues, including the gills, intestine, liver, muscle and kidneys, and therefore these substances reaching hi
concentrations can cause death due to poisoning in fish, reduced growth, ceéypeodisorders, respiratory and It

may cause toxic effects such as damage to osmoregulation and so on.

Oxidative stress may occur in sharks and many other aquatic creatures damaged by heavy metals [10]. Accumulati
of heavy metals in the tissues of atipiarganisms can also penetrate biological molecules, resulting in the formation
of reactive oxygen species (ROS), which cause protein denaturation, lipid peroxidation, and DNA mutations
Specifically, transition metals react with hydrogen peroxide aswliabuce oxidative stress, primarily through the
Fenton reaction. As a result, hydroxyl radical formation occurs [12]. Enzymes such as superoxide dismutase (SOLC
catalase (CAT) and glutathione peroxidase (GPx) are involved in the conversion of RO&rimtss forms [13].

SOD catalyzes the conversion of superoxide anion radical to hydrogen peroxide, and through the enzymatic actit
of CAT or GPx, hydrogen peroxide is also converted to water [12].

Scientists believe that many living organisms, includialy, need trace amounts of heavy metals to continue their
vital activities. Of course, excessive amounts of some heavy metals can also harm organisms, while mercury, le
and cadmium do not have much effect on organisms, anddomgexposure in the bodgan cause fatal or permanent
diseases. Heavy metals are also elements that have a density of at least 5 times the density of water. Toxicity cau
by heavy metals, as well as other metals or elements that may cause toxic effects, depends on thgposteeyf

the nutritional status of exposed individuals, the chemical species or the age, genetics, and sex of the organism [1
Organisms, including fish species, absorb toxic substances from water (directly) and food chains (indirectly). Som
toxic effects of heavy metals on fish and aquatic invertebrates lead to reduced developmental activities, increase
developmental abnormalities, or reduced survival of fish (especially at the beginning of exogenous feeding), and tt
extinction of entire populatioria contaminated reservoirs. [16]. Heavy metals generally penetrate aquatic animals
through their primary food sources. In fish, they can enter through mechanical capture of suspended hydroxic
particles in the gills as well as through chemical adsorpfidgang on the mucous membrane [17].

The presence of metals in the aquatic environment may vary. If we list these differences, they can be in dissolve
particulate, or chelated/combined forms in sediments or aquatic organisms [18]. It has been deteairfireadyt

metals such as Pb, Fe, Mn, Ni, Zn and Cr, which are found in dissolved or particulate forms in the Pacific and Atlanti
Oceans, cause pollution [19]. It has also been determined that freshwater bodies (such as rivers and lakes) cont
high concatrations of heavy metals (such as Cr, Cd, Cu, Zn and Pb) [20]. It is known that atmospheric accumulation
created by such heavy metals can enter the receiving aquatic environments due to erosion, surface runoff a
precipitation and cause pollution [20]he stable state of water in its environment, higher retention time and depth
of the water column cause heavy metals to remain in sediments for a long time and accumulate directly, and becal
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of this situation, aquatic ecosystems also serve as a standag® tank. Heavy metals are then incorporated into
streams or tributaries of streams and are transported from there to the oceans [21]. Aquatic living organisms such
molluscs, crustaceans, fish [22], squids [23] and sharks [24] indicate high acéomafadifferent heavy metals
(such as Cu, Hg, Zn, Pb, Cd, Cr, Ni). Heavy metal accumulation causes various toxic effects that can be lethal
organisms.

2. Material and Method

In this review study, references from some studies on pollution caused\yrhetal loads penetrating the aquatic
receiving environment ecosystems and enzyme activities activated due to such pollution are mentioned.

In a study conducted by Dudley et al. (2000), they stated that the enzymes of some shark species carry c
simultaneous purification activities [25]. It has been stated that the differences in heavy metal concentrations take
up by tissues between species are greatly affected by trophic levels and related nutrition, as well as by ecology [2

The thesis defended Iiilbert et al. (2015) is that it has been reported that heavy metal concentrations of Cd, Cu
and Zn are found in the muscle tissues of dusky, saddscharhinus plumbegsand white sharks in southeastern
Australian waters [27]. Where this study differsm other studies is that the observed metal valwes also found

in other shark species, including blue sharks, milk sh&k&Oprionodon acutiisstar houndsMustelus asterigs
shortfin makos, and Atlantic sharpnose shaFkstérraenovag It was among the valuesbserved and reported in

the literature. (Wosnick et al., 2021) [28].

Carlson et al. (2008) defined a different ecological niche in another study on the effects of heavy metals on sharpno
shar ks i n t he -Mavdzadal(2D18).simifardy ddtermingd@HateS@D activity was detected in higher
CAT and GPx only in shoft i nned ma k o-ruz ef 8. 2D10), whenpheey compared white and tiger
sharks, they found that silky sha®grcharhinus falciformiy shortfinned mako and smooth hammerheSghyra
zygaenasharks had similar CAT activity and lower GPx activity [31]. It is apparent that differences in shark activity
level can also lead to differences in antioxidant enzyme concentration among various species RO%Sther

hand, causes an increase in oxygen flow to the mitochondria in muscle cells and therefore causes inefficiency
electron transport to be produced during exercise [32]. Considering all these reasons, it is believed that sharks tt
are more etive may cause higher baseline valoésantioxidant enzymes to protect against oxygen damage during
vital activities [30]. This protects them against accidental metal exposure. Other factors such as the organisn
metabolic activities, environmental mditions, age, gender, physiological state, individual behavior, and nutritional
habits can also affect ROS production and antioxidant capacity.

Antioxidant enzyme activity increases with low metal exposure levels and may decrease with higher metal exposu
levels. [32]. In their study, Barreaar c2 a et al . (2012) described the c
and trace elements (Zn, Cd, and arsenic [As]) in the livers and kidneys of blue sharks [33].

Yazdi et al. (2012), in their studyh@arnivorous and herbivorous fish, stated that these metals remained at the same
level in two different trophic levels because they contained equal amounts of Cu and Zn [34]. Hosseini et al. (2015
showed that the heavy metal content (Cd, Co, Cu, NiFPland Hg) in fish off the Khuzestan coast (northwest of
the Persian Gulf) changed strongly due to habitat and food preference habits [35].

In a study conducted by Mazej et al. (2010) on the tissues of fish in Lake Velenjsko (Slovenia), they found that Zi
and Hg valuesn muscle, liver and gills differed between tissues and species [36]. Klavins et al. (2009) found the
highest metal concentration (including Cu and Zn) in two organs of sea bass (liver and gills) and the lowest met:
concentrationinthems cl es of this species (inland waters of
sea bass muscles than in the liver and higher Zn and Cu content in the liver than in the muscles of this species [3
Svecevilius et ahatzngcumdadel mostly i the gillegndHg acewnuldted in the muscles of
the fish examined [39]. According to Jovilil et al
exposure of gills to pollutants in water could be an impoitatitator of water quality [40].
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According to Jezierska and Witeska (2001), when the liver/muscle ratio is below 1, the mercury content in the
muscles is higher than in the liver [41]. These researchers have proven that high metal concentratiores iarthe |
closely related to the excretion and detoxification processes occurring in these organs.

Previous studies have shown that zinc levels in the muscle tissues of sea bass in Lake Plusz are negatively relate
sea bass size [42]. It was concludeat the correlations discussed in this study were not statistically significant, but
these results were compatible with the data of previous studies. Miloskovic and Simic (2015) also argued that tr
accumulation of heavy metals As, Sn, Ni, Co, Al, Se,femds related to fish body mass index and weight [43]. In
another study, Szargkwiazda and Amirowicz (2006) observed a relationship between fish length or body weight
and Cu concentration in the studied tissues (liver, kidney, muscles, and gills) chsseanudl roach [44]. No
statistically significant correlation could be detected between the accumulation of zinc and copper in the muscl
tissues of sea bass and the weight or length of these fish (P > 0.05) [45]. heavy metal levels of Hg, Zn, Pb, Cd a
Crincreased with size increase in the species in the Dije river basin (Dvorak et al., 2014) [46]. A significant positive
relationship between body weight and Hg levels in cockroaches from the Odra River (Poland) was also reported |
Kalisinska et al. (2017p bser ved. [ 47] . Svecevilius et al . (201
correlation between the Cu content in the liver and the hepatosomatic index (r = 0.92) of predatory fish (2014) [48]

Alkan et al. (2016) determined different cdateons between GSI or FCF of fish speci€sa¢hurus mediterraneus,
Engraulis encrasicolus ponticandSprattus sprattysin their investigation with metals including Cu and Zn [49].
Noxl et al. (2013) al so det erfmghhfeeshwatehfish fromedifferent fighing o n
areas of France (2013) [50].

3. Conclusion

Even though the heavy metal pollution index has low values, the diversity and quality of fish species can be goo
indicators of water quality. Similarly, when thargjer index valuethat can be created by the targeted hazardous
elements are high level, it is believed that this situation is important for other people who use the receiving
environments for recreational purposes. Therefore, we recommend that rearetrés needed in this area to better
understand the effects of heavy metals on the biotic factors of organisms in the receiving environment and wheth
they pose a health hazard to other fish species in this ecosystem.

Heavy metals can bioaccumulateaihorganisms in the aquatic food chain (including algae, zooplankton, molluscs,
crustaceans, benthic animals, as well as sharks and mammals), mostly in the gills, and these substances are hi
toxic. The accumulation of these substances can increas# the body with increasing trophic levels, and top
predators can accumulate them at the maximum level with the help of the food chain. There are many studie
examining the toxic effects of major heavy metals (such as Cd, Cu, As and atg)aiit orgaisms (especially fish

and crustaceans). However, toxicological studies are mostly limited to physiological, biochemical and histologica
changes. The scarcity of research on the intestinal microbiota should direct researchers to work in this field.
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Abstract

Since green buildings are designed and built in accordance with certain standards, design and consteticésn pr
that cause less harm to residents than standard buildings. In this study, it is aimed to evaluate the land in the m:
appropriate way, to use recyclable and recyclable materials, to turn to renewable energy sources, to consume fo:
fuels as litle as possible, to make maximum use of daylight, to control indoor air quality, to save on heating, cooling
and lighting costs, to use gray water, The negative aspects of buildings that give importance to rainwater collectic
and treatment, encourage salidste management and maximize roof, wall and window insulation are also explained.
The construction technology in the traditional construction sector and the techniques used, as well as environmental
preperations, are brought along. However, desgitbede negativities, the development of environmental problems

in the sector will gain momentum with the spread of greenhouses.

Keywords: Green buildings, Recyclable materials, Renewable energy sources
1. Introduction

The need for energy, one of todapriority needs, has led people to renewable energy sources and the construction
of sustainable/green buildings. Green buildings are structures that cause less harm to the environment than buildir
constructed using traditional methods. These buildmaysonly minimize the current energy need but also bring a
horizonropening vision to the construction industry in terms of art and design.

2. Green buildings

Green building is a design and construction practice that causes less harm to residentem@icbtimeent than
standard buildings because it is designed and built in accordance with certain standards. Green Buildings are a
known as sustainable buildings [1].

Article 4 of the Green Certificate Regulation for Buildings and Settlements, which ictantorce after being
published in the Official Gazette dated 12.06.2022
design, construction, operation, mai ntenance, reno
a building that is sustainable throughout its life cycle, energy efficient, compatible with nature, has low emission:s
and has minimized negative effects on the environm
Green buildings utilize land in the most appropriateywse recyclable and recyclable materials, turn to renewable
energy sources, consume fossil fuels as little as possible, make maximum use of daylight, control indoor air qualit
save on heating, cooling and lighting costs, use gray water, These diadgsuihat give importance to rainwater
collection and treatment, encourage solid waste management and maximize roof, wall and window insulation [1].

1Corresponding auhor
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2.1. Purposes in the construction of green buildings

Urbaniztion increased rapidly with the industrial revolution in the 19th century. Along with modernization,
industrialization and urbanization practices, the negative effects of human activities on the environment have als
increased. Especially in recent yeasgial awareness about climate change caused by global warming has begun to
increase. Terms such as carbon footprint have become part of our everyday language. Not only civil society, loc
governments and states, but also the private sector are takimy@t how to build a more sustainable future. For

this reason, the purposes of constructing green buildings are as follows:

- Minimizing consumptions,

- Minimizing emissions,

- Minimizing waste,

- Minimizing the impacts on the field,

- Maximizing indoorenvironment quality [3]

2.3. Factors to consider in the construction of green buildings

Green building refers to the structure and implementation of environmentally responsible and effioigoe
processes throughout the life cycle of a buildingnfrplanning to design, construction, operation, maintenance,
renovation and demolition, the environmental impact is taken into acggunt

2.4.Materials used in green building construction

AMaterials made from soil

AWo o d
ABamboo
AStraw bal e
ANat wmeal st

AComposites
ANatural fiber
AGl ass fiber

AcCel lul ose
ANatural <cl ay
ANatural fiber flooring

AFiber cement
ARecycled plastic
AAsh

ACork board [ 5]
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2.5. What is being done in Green Building Projects?

AUsing LED bulbs in | amps

ACol | ect i n gganhardswfaceseand usirg It ih landscape irrigation

ACreating more green areas on the ground and preve.l
AUsing efficient batteries and reservoirs that con:
A D e s$ng ana positioning building facades to benefit from daylight to the maximum extent

AGrey water cycle

ASol ar panels producing electrical energy on roof s
AUse of ther mal insul ation material s

AUsing plants that consume | ess water

ATo obtai n e aberreyy(vindosalar, ete)nnstead of obtaining energy from fossil fuels.

ALow flow sink faucets

ANatural ventilation

ADouble flush toilet cisterns

ALow emission paints and floor coverings

3. Environmental Problems
3.1. Situation in the traditional construction sector

In traditional construction and usage processes, it consumes approximately 16% of the world's fresh water resourc
25% of wood resources, 30% of material resources and 40% of energy resources. 35% of the CO2 that causes glc
warming comes from construction. 40% of land waste occurs as a result of the construction process and tr
subsequent storage of waste. 50% of the chemicals that deplete the ozone layer in the stratosphere are produce
the traditional building sector.

3.2. Advantages of green buildings

Research on green buildings has shown that if buildings are designed and operated in this way, they w
reduce energy use by 24% to 50%, carbon emissions by 33% to 39%, water consumption by 30% to 50¢
and water consumption 80% to 50% compared to the average building designed and operated using
conventional methods. It shows that a 70% reduction in the amount of waste and a 13% reduction |
maintenance costs can be achieved [6].

4. Certificates
4.1. Certificates of green hildings
Green Buildings aim to save energy, focus on renewable resources and cause minimal damage to nature. T

certificate certifying that buildings have been built or renovated for these purposes is called a green building
certificate. The most accegut certificates in the world are:
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Figure 2. Certificatesamples for Green buildigs [5]
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The most common of these certificates is the LEED Certificate [7].

4.2. Leadership in Energy and Environmental Design (LEED)

The LEED Green Building concept was born in 1998. LEED Certificate imtigt valid green building
certificate in the world, taking its name from the initials of the words Leadership in Energy and
Environmental Design.

LEED Certification is one of the green building rating systems developed by the American Green Building
Councl USGBC. LEED, the most widely used rating system in the world, reveals sustainable design,
construction and operation criteria from buildings to the city scale. LEED Certified Buildings are more
environmentally friendly, healthy and economical buildirfganttraditional buildings.

LEED is a valid and comprehensive green building rating system developed as a global system for a
building types such as hospitals, data centers, historical buildings, schools and business centers.

4.3. LEED Certification Levels

With the LEED certificate, how energy efficient, water efficient and healthy buildings are is determined by
the points they collect. In order for a building to receive certification, it must first meet the minimum
requirements and mandatory prereqasiBy meeting these conditions and scoring at least 40 points, you
are entitled to receive a simple Certificate. As points are obtained from the credits determined by LEELC
the points earned increase and the certificate level increases. The maximurm &&O6reA certificate is
obtained after 40 points, silver after 50 points, gold after 60 points, and platinum certificate if more than 8(
points are obtained [8].
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Figure 3. LEED certificates

4.4, Main headings of leed green building certificate

A'S uirsmblealLand

Awater efficiency

AEnergy and Atmosphere

AMaterials and Resources

Alnterior Space and Quality of Life
Alnnovation

Scoring is done according to these headings and a certificate is given to the building according to the score receive
Accordingto current statistics in Turkey, a total of 49 buildings were eligible to receive LEED certification in 2021
and 40 buildings in 2022. The first LEED certified public building in Turkey was the Turkish Grand National
Assembly Presidential Residence. Iniédd, the first building in our country to receive the LEED Gold certificate
was Gama Hol ding's Head Office Building in Ankara
University Hamlin Hall building [10]. Turkey's first LEED Platinum @&ed building was Eser Holding Head
Office [11].
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Figure 4. Gama Holding Center Office (9)
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Figure5.Boj azi - i University Hamlin Hal/l Buil di

Figure 6. Head Office of Eser Holding (11)

5. Results and Discussion

Considering the environmti damage of traditional buildings and the environmental, economic and social benefits
of green buildings, they need to be increased. Providing incentives and grants by the relevant Ministry for th
construction of green buildings will increase the nundferertified green buildings.

6. Conclusion

Developments in the green building sector have not been easy. Even though the conditions are difficult, many chanc
have been made in city structures, the construction sector, and factories in industritdizeall over the world.

There are many new technological developments that are more environmentally friendly and maintain and improv
ecological balance. New ones are added every day. The most popular change, especially in the construction indus
andin today's homes and buildings, is renewable energy. Today, heating and electricity needs in the house can
met with solar energy and even wind energy. In addition, the concept of "green building" is dynamic and rapidly
devel oping todady.arfieGrlkewinl diunigsditnlgsst treat the nat ul
from recyclable natural resources.
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Abstract

Tamery wastewater contains high levels of organic pollutants such as fats, dyes, tanning agents and inorganic pollusants such
nitrogen, salts, and chromium. Effective treatment of such wastewater before discharge is essential to minimize thi
ecotoxicologeal risk. In this study, chemical oxygen demand (COD) removal from tannery wastewater was investigated by the
peroxyelectrocoagulation method in a batch system. The wastewater was supplied from a tannery industry which was operat
in Malatya in Turkey. Tha peroxyelectrocoagulation method can be thought of as a modified dfectian process, with the
difference that F& is supplied from the anode iron electrode without adding iron from the outside. In addi@nwas not

added from the outside in tipeocess, and it was produced with an air supply under thituirtathode electrode (graphite). In

the study, the initial pH value of wastewater (3.5, 6.5, 7.5, 8.5), applied current intensity (5 A, 7.5 A, 10 A, 15 #ypartithg
electrolyte concentratn (0.05 M, 0.1 M, 0.2 M, 0.3 M NaCl) parameters were investigated to remove COD from tannery
wastewater. The reaction temperature, reaction time, and aeration rate were fix&t|-802@in, and 2 L/min, respectively.
According to the data obtained etloptimum parameters were determined as; pH value of 6.5, applied current of 10 A, and
supporting electrolyte concentration of 0.2 M NaCl. Under these conditions, the COD removal efficiency was found to be 95%

Keywords: Chemical oxygen demand, organidlptants, peroxyelectrocoagulation, tannery wastewater
1. Introduction

Increasing industrial activities, population growth, supply and competition bring increased production/consumptior
and as a result, industrial wastes have also increasedtrlablpsocesses use large volumes of clean water during
operations and also generate large volumes of wastewater and discharge into receiving water environments. T
tannery is a sector where dyes are used extensively, as well as complex chemicalswiasteerter contains high
chemical oxygen demand (COD) and biological oxygen demand (BOD), different types of salts, Chromium, dyes
suspended solids, turbidity, color, sulfide, chlorides and other organic and inorganic pollutants [1].

Since tannery wasteater is toxic and contains many nbiodegradable components, it must be treated before being
released into receiving environments [2]. The pollution risk of these wastewaters in the environment also leads 1
different health problems. The majority of teelsealth problems are related to hexavalent chrorcmaining
compounds found in tannery wastewater [3]. High chromium (V1) concentrations cause disruption of ecosystems ar
also have a negative impact on human health as it causes cancer and DNA dhroadge pronchitis, liver and
kidney damage, [&]; These negative effects have led to stricter regulations by governments and the promotion of
effective treatment methods to reduce the risk of pollution [6]. Some studies demonstrating the toxicity anc
envronmental risks of tannery wastes have been carried out and it has been stated that these wastewaters shoult
treated before being released into the environment in order to reduce their negative effects on humans, animals &
the environment [1;B]. De-Nicola et al. [10] performed several bioassays to determine the toxicity of tannery
wastewater against marine microalga®l Daphnia magnaAs a result of biological tests, it has been determined
that these wastewaters have toxic effects on living things.
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Since these wastewaters have a very complex structure, effective and economical treatment is very important. T
performance of treatment technologies is closely related to the characteristics of wastewater and operation
conditions. Due to the compleollutants and toxicity of tannery wastewater, it can be difficult to treat them
biologically. Treatment methods such as nanofiltration [11], chemical coagulation [12], adsorption [13], advancec
oxidation processes [14] are mostly applied for this typeastewater.

Electrochemical processes such as electrocoagulation, electrooxidation, electro fenton etc. are frequently preferr
advanced oxidation processes. Electrochemical technologies have both advantages and disadvantages in wastew
treatment. Altlough the use of electrical energy and the financial burden it brings, the expensiveness of the electrode
used and the necessity of renewing the electrodes for some processes are among the disadvantages, the impo
advantages are short treatment, nahdpeffected by toxicity, tolerance to high orgamorganic load and the
absence of secondary waste generation for some processes (eg: electrooxidation) [15].

Peroxyelectrocoagulation is not actually a single process, but a combined process invgDsrxitation and
electrocoagulation. In this study, wastewater from a tannery industry operating in Malatya province in Turkey was
treated based on COD removal withsitu HO. production, unlike the classical peroxyelectrocoagulation process.
In-situ HO, production was provided by air supply under the graphite cathode, while iron electrode was used a:
anode for electrocoagulation. The operational parameters that investigated in this study were initial wastewater p
value, applied current and supportingatrolyte concentration.

2. Material and Method

The wastewater used in this study was obtained from a tannery industry operating in Malatya, Turkey, and th
wastewater was not subjected to any treatmentfpegment. COD, pH and EC of wastewater we®Bmg/L, 4.3

and 5.32 mS/cm, respectively. The characterization of the wastewater used was presented in detail in the previc
work of one of the authors [16]. The electric current was supplied by using a direct current power supply
(TTI/QPX1200S), an bin plate electrode (4 cm x 22 cm) was used as the anode material and a graphite plate electroc
(4 cm x 22 cm) was used as the cathode. A-jaeiteted reactor with an internal diameter of 7 cm and a depth of 22
cm was used for batch trials.

2.1 Experimental procedure and calculations

The heafacketed reactor was filled with tannery wastewater and the internal temperature was adjusted to roor
temperature. Then, NaCl, which was used as the supporting electrolyte, was added to the reactor at the desi
concentrations and dissolved. Then, with the help
at a flow rate of 2 L/min for about 10 minutes. Afterwards, the pH value of the wastewater was adjusted and the a
flow was supplied to # system at the desired value, and the experiment was started. 5 mL samples were taken
certain time intervals and COD values were analyzed according to the closed reflux colorimetric method [17] usin
UV-vis spectrophotometer (WTW 6100 vis). The proceksupplying air into the reactor under the cathode
continued throughout the reaction. The concentration-sitinHbO. produced was determined by the iodide method
[18-19]. Equation (1) is used for COD calculation to eliminai®4hterference [20].

CODmgi) = CODanalyzedr @ X b (1)
Wherea is the remaining kD, concentration (mg/L) in the sample a@mdalue is the correction factor which is 0.25.
In the experiments, the effect of the initial pH valfievastewater (3.5, 6.5, 7.5, and 8.5), applied current (5 A, 7.5

A, 10 A and 15 A), and supporting electrolyte concentration (0.05 M, 0.1 M, 0.2 M and 0.3 M) on COD removal was
investigated.
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3. Results
3.2 Effect of initial pH

The effect of wasteater initial pH value was investigated for 3.5, 6.5, 7.5, and 8.5. Fixed operational parameters
are; applied current; 10 A, air flow rate: 2 L/min, NaCl: 0.2 M, and reaction time: 60 min. COD removal yields are
shown in Table 1.

Table 1.COD removal yidds at different initial pH values
pH: 3.5 pH: 6.5 pH: 7.5 pH: 8.5
COD removal: 74% COD removal: 95% COD removal: 62% COD removal: 77%

The pH value is a very important parameter in the peroxyelectrocoagulation process as it is in the classic:
electrocogulation process. As can be seen in the table, the efficiency is highest when the pH value is 6.5, and tt
COD removal efficiency is low at acidic and basic pH values. Hydroxide ions produced at acidic pH values
precipitate, causing insufficient iron hydide formation [21]. This situation causes low removal efficiency in the
coagulation process. On the other hand, unsuitable soluble iron hydroxide (Fef@fiation occurs in coagulation

at basic pH values [21]. In addition, less iron dissolution od¢ess flock formation) due to the layer formed on the

iron plate, and the removal efficiency is also low in this case. At pH 6.5, Fe{®F)¥rmed, which is the most
effective form of iron for coagulation [22]. For this reason, it was assumed that gteactive pH value was 6.5,

and this value was kept constant in subsequent trials. The concentrati@» pfétluced is affected by the pH value.

The concentration of produced:® at low pH values has been reported as advantageous in the literature [16]
Alkaline and neutral pH values are disadvantageous as a result of the decompositiOn tof HO, (Equations 2

and 3). In this study, the inability to obtain high efficiency in acidic conditions may be explained by the
electrocoagulation process being dioamt over the peroxidation process in the peroxyelectrocoagulation process.

0 OO0 ¢Q ° 00 00 q

¢O0 O ¢Oo0 O o

3.3 Effect of applied current

The effect of wastewater applied current waegiigated for 5 A, 7.5 A, 10 A, 15 A. Fixed operational parameters

are; initial pH: 6.5, air flow rate 2 L/min, NaCl: 0.2 M, and reaction time: 60 min. COD removal yields are shown in
Table 2.

Table 2.COD removal yields at different applied currents
5A 75A 10A 15A

COD removal: 53% COD removal: 73% COD removal: 95% COD removal: 94%

While the applied current increased from 5 A to 10 A, a clear increase was observed in the COD removal efficienc
However, when the applied current increases from 10 6 A, there is stability in the removal efficiency. As the
applied current increases, more iron is dissolved from the anode and more Fa(@ned, and more 1D,
production is also supported [16]. The stable COD value observed at 15 A may irtthigatesre is sufficient iron
hydroxide formation at 10 A. For this reason, the optimum applied current was determined as 10 A .

3.4. Effect of supporting electrolyte concentration
The effect of supporting electrolyte concentration was investigate@gl®6rM, 0.1 M, 0.2 M, 0.3 M NaCl. Fixed

operational parameters are; initial pH: 6.5, applied current: 10 A, air flow rate: 2 L/min, and reaction time: 60 min.
COD removal yields are shown in Table 3.
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Table 3.COD removal yields at different supporting@helyte concentrations
0.05 M 0.1M 0.2M 0.3M

COD removal: 8% COD removal: 8%  COD removal: 9% COD removal83%

As can be seen from Table 3, COD removal efficiency increased as NaCl concentration increased, but COD remoy
efficiency decreased aoncentration above 0.2 M NaCl concentration. Increasing dose of NaCl causes the formation of
OCI (at alkaline pH) and HO([at acidic pH) which only results in more organic matter oxidg#8h However, higher
concentrations of NaCl caused the acglation of ferric hydroxide film on the electrode surface, which caused resistance,
resulting in low COD removéd®1]. For this reason, the optimum NaCl concentration was chosen as 0.2 M.

4. Conclusion

In this study, wastewater from a tannery operating/ialatya province was investigated on COD removal by
peroxyelectrocoagulation method in a batch system. Low COD removal was observed in acidic and alkaline value
of wastewater initial pH value, while increased applied current had a positive contritu@@D removal. In
addition, a decrease was observed in the support electrolyte concentration at dosing above the optimum dose may
due to the accumulation of ferric hydroxide film on the electrode surface in COD removal. The optimum operationa
parametes were determined as initial pH value of 6.5, applied current of 10 A, and NaCl concentration of 0.2 M.
Under these conditions, the COD removal yield was calculated as 95%. It can be said that the
peroxyelectrocoagulation method is suitable for COD remfveal tannery wastewater.
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Abstract

NiAI-34CrxTi (x = at.% 1, 3 and 5) eutectic alloys were produced by electric current assisted sint€®) (Bethod in the

current range of 3568200 A with a waiting time of 47 minutes. Microstructure and phase investigations of the obtained samples
were carried out with the help of scanning electron microscope {SBS) and xray diffraction analysis (XRD)In order to
determine the effect of Ti element added to NBAICr eutectic alloy at high temperatures, oxidation and corrosion tests were
carried out at 800, 900 alb dycles)dnlopeA Btmdsphere ehvrdmentandr2530Kand 1 h o
75% NaSQy salt environment. After hot corrosion and oxidation experiments, microstructural analyses of the samples were
performed by SEMEDS studies, phase structures were examined by XRD analyses and activation energy values were calculate
by perforning weight changes and kinetic analyses. It was determined that the activation energy values of the alloys in the
oxidation environment decreased from 169 kJ/mol to 152 kJ/mol and the activation energy values in the corrosion environmel
decreased from 1%3/mol to 141 kJ/mol depending on the increase in Ti content. It was observed that the activation energy
decreased with the increase in the amount of Ti in the alloy.

Keywords NiAl-34Cr eutectic alloy, High Temperature Proporties, Electric Current Aetivaintering

1. Introduction

NiAl, which belongs to the group of intermetallic materials obtained by two or more different pure metals forming
crystalline compounds or solid solutions, has a good potential for materials used at high temperaturggtsuch as
engines and gas turbines with its low density (5.95%/cm hi gh mel ting point (1638A!
at high temperatures (up to 1400AC) and high el ast]i
at high temperares, low ductility and fracture toughness at room temperature limit its use and necessitate the nee
to improve its mechanical properties. It is known that various researches have been carried out to improve these we
properties of NiAl. One of the stigs is to obtain eutectic alloys with other phases that have a more ductile structure
than NiAl and to improve the ductility by forming composite structures by controlled cooling. Another recent study
is the development of directional solidification euiexto improve the properties of NiAl at high temperatures. For
this purpose, the possible eutectic transformations of refractory metals such as Cr, Mo, W, Ta and Nb with NiAl wer
investigated and it was revealed that the addition of these refractorg noetiae NiAl structure increases both the
strength of NiAl at high temperatures and its toughness at room temperature. For example, compared to tt
polycrystalline NiAl alloy obtained by casting method, it is seen that the room temperature fractigthstoén
directionally solidified NiAF34Cr or NiAF28Cr6Mo alloys increase-8 times [37].

Different production methods such as melting and castingpegttagating highemperature synthesis, hot extrusion
reaction synthesis, powder metallurgy ancctle current assisted sintering have been tried for the production of
intermetallic compounds [8]. Electric current assisted sintering (ECAS), which has developed rapidly in recent years
is a production method with remarkable features compared todradifroduction methods. ECAS method, where

the starting materials can be powder or materials with a certain bulk density, is a production method that enables t
sintering of materials with the help of mechanical pressure and electric current [9,10].
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In this study, NiAI34CrxTi eutectic alloys were produced by electric current assisted sintering method by adding

Ti to NiAI-34Cr alloy at the rates of atomically 1%, 3% and 5%, respectively. The effect of Ti addition on the

eutectic alloy was investigateBhase analyses and morphologies of the produced samples were determined by
scanning electron microscopy (SEHRDS) and Xray diffraction analysis (XRD) methods. In addition, hot oxidation

and corrosion tests were carried out to determine the behaviowr wiatiufactured products at high temperatures.

2. Experimental

In the first stage of the experimental studies, a mixture was prepared from the powders whose properties are given
Table 1 at the stoichiometric ratios given in Table 2. In order to obthgmweageneous mixture, the mixture was
mixed in a ball mill for 12 hours by using a zirconia ball and with a ball/powder ratio of 2/1. The prepared powder
mixtures were placed in a die with an inner diameter of 20 mm and a height of 50 mm and shapgudsgipg

under 50 MPa pressure. Then, these samples were sintered in the mold in open atmosphere under 50 MPa single
pressure and using an electric current of 35200 A with an electric current assisted sintering device for 47 minutes.
As a resulof the sintering process, samples with a diameter of 20 mm and a height of 5 mm were obtained.

Table 1.Properties of the powders used in the experiments.
Powder Size

Material Purity (%) (mm) Manufacturer Product Code
Aluminum 99,5 7-15 Alfa Aesar CAS: 742990-5
Nickel 99,8 37 Goodfellow  NI006021
Chromium 99,8 1-5 Alfa Aesar CAS: 744047-3
Titanium 99,5 040 Alfa Aesar CAS: 744032-6

Table 2. Compositions of the produced samples.
Alloy Elements (at.%)

Composition Ni Al Cr Ti
1. Alloy 32,5 325 34 1
2. Alloy 315 315 34 3
3. Alloy 30,5 30,5 34 5

The sintered samples were grinded with SiC sandpaper up to 1200 meshes for metallographic examinations and t
polished with 0,3yim alumina solution. The morphology of the polished samples wamierd using a JOEL JSM
6060LV scanning electron microscope (SEM) and elemental analysis was performed by point EDS analysis of th
different phase regions observed. In addition, XRD analysiss per f or med using Cu KU
RIGAKU D MAX 2200 PC brand xay diffractometer for the analysis of the obtained phases.

The oxidation and corrosion behaviours of the prepared samples were investigated at high temperature. Before bt
processes, the surface areas of the samples were measured using SolidWorks software and the initial weights w
measured with an electronic balance capable of measuriftg gl@recision. In order to determine the high
temperature oxidation behaviour, thergal es wer e heated in an open at mos
for a total of 165 hours (15 cycles). Oxidation experiments were carried out in cycles, each cycle being 11 hour:
After each cycle, the weight change of the samples was determine¢ldeanelxt cycle was started. In addition, in
order to determine the high temperature corrosion behaviour, the specimens embedded in molten salt were kept
165 hours (11 hows 5 cycl es) at temperatures of 800, withAaO0 a
composition of wt.75% N&Q + wt.25% KSQ,. After each cycle, the samples were boiled in water for 5 minutes

to be desalinated and after drying, the weight change was determined and the next cycle was staBB& S

XRD analyses were performi¢o examine in detail the layers formed on the surfaces of the samples as a result of
oxidation and corrosion experiments.
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The weight changes (mg/mipof the samples exposed to hot oxidation and corrosion tests were determined for all 3
temperatures. Thparabolic rate constant (kp) values of the samples were calculated using the formula given in
Equation 2.1. Activation energy values were calculated using the formula given in Equation 2.2.

y

. owp 2.1)
I n the Equation 1, @e&m i s we P gndkpispdrabaligrate constgnP(gm’.s&c).i s <
Ton Qs = (2.2)

In the Equation 2, T is absolute temperature (K), Q is activation energy (kJ/mol), ko is Arrherius Equation constan
and R is the gas constant witiaue of 8.314 J/mol.K [11].

3. RESULTS AND DISCUSSION
3.1 Material Characterization

SEM images of the alloys produced by sintering the powder mixtures prepared by adding Ti powdet/3®OXiAl
eutectic alloy at ratios of at.1%, 3% and 5% by ECAS ntkthml EDS analysis results are given in Figuge The

SEM images are examined and it is observed that the samples consist of light and dark coloured structures. The E
analyses of these structures were examined and it was determined that the samisies] afrNiAl-rich phase,

which is observed as a matrix structure and has a flat surface appearande pGase, which appears protruding
around the grain boundaries, andAiTi phases that appear lighter in colour. It was observed that tiA¢-Ni

phase in the structure is compatible with the eutectic alloy phases NiAl (A2) and Cr (B2). According to the analysis
results, the average composition of theANiTi phase is atomically 30% Al, 23% Ti and 40% Ni. In theTAphase
diagram, the maximum 2% wt. Ti and NiTi phase diagram, the maximum 10.6% wt. Ti is dissolved. In tr Ti
phase diagram, Cr solubility is 100%wt. at high t e

g &

x18e ie@pw - - 16 sgees il

Element 1 2 3
Al 31,5 50,0 10,0
Ti 22,6 0,3 0,1
Cr 3,2 12,3 81,9
Ni 427 37,4 8,0

Figure 1. SEM image and EDS analysis values of NBXICF1Ti alloy (at. %).
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X198 - VaBum

Element 1 2 3
Al 3,7 57,2 36,9
Ti 0,1 0,3 46,3
Cr 91,7 2,1 4,4

Ni 4.5 40,5 12,5

Figure 2. SEM image and EDS analysis values of NBXICr3Ti alloy (at. %).

X188 188x8m

15 41 .SEI

Element 1 2 3
Al 41 17 60,2
Ti 0,9 0,1 0,3
Cr 31,5 79 2,3
Ni 26,6 3,9 37,3

Figure 3. SEM image and EDS analysis values of NBMICF5Ti alloy (at. %).

XRD patterns obtained usingray diffraction method for the determinatiohtbe phases formed in Ni/A84CrxTi

eutectic alloys after sintering are given in Figure 4. Hagihara et al. [13] reported that Heusler phisise ALPi)

was detected in the Ti added eutectic alloy with an atomic composition of 47% Ni + 30.8% Al €320009%

Mo + 18.9% Ti. Although the composition of the structure observed as the light coloured phase in {B&Q¥HAl

1Ti eutectic alloy produced in this study (at. 42.7%Ni + 31.5Al + 3.2Cr + 22.6Ti) is very close, the Heusler phase
could not be deteetl in XRD analysis. Li et al. [14] reported that Ti added to the eutectic alloy causes the formation

of NiAl Ti

He u s | eTiM (MhCa,Nilesolia soldtionband these phases increase the normal temperature

strength and ductility. In this study, in tK&®D analysis of the eutectic alloy to which Ti was added (Figure 4), TiNi
phase was detected as a minor phase with eutectic phasesA@\{@lR) and C¥B2 (cP2)) and it was observed that
the TiNi peak intensity increased with the increase in the amoditatément added.
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Figure 4. XRD analysis of NiAt34Cr eutectic alloy with 1, 3 and 5 % atomic addition of Ti alloying elements.

3.2 Oxidation Behaviors

Many metalbased materials are not stable under open atmosphere conditions and tend to ofodisagyower

free energy compounds by giving electrons to oxygen in the air [11]. As a result of this reaction of metals with
oxygen, oxide layers are formed on their surfaces [15]. A formed oxide layer grows by diffusion of metal and oxyger
ions into eah other. Formed oxide layers are divided into two as protective androtettive oxide layers. Metals

that have a tendency to react with oxygen must have a protective layer on their surfaces in order to be resistant
oxidation at high temperatures. Tiype of oxide layer formed depends on the volume of oxide formed on the metal
surface relative to the base metal. If the ratio of oxide volume to metal volume is less than 1, it indicates that a nol
protective thin oxide layer is formed on the metal sigfdf the oxide volume is more than 2 times the metal volume,
high stresses occur in the structure, causing the oxide layer to crack and spall. If the ratio of oxide volume to met
volume is between 1 and 2, the layer formed is protective and in tei@x@sation can continue only by solid state
diffusion [16,17]. This widely accepted approach to explain the oxidation behaviour of metals is called the Pilling
Bedworth ratio [11].

In order to investigate the oxidation behaviour of N84ICr eutectic atly doped with 1, 3 and 5 at.%Ti added NiAl

34Cr eutectic alloys produced by electric current assisted sintering method were exposed to oxidation at 800, 9
and 1000AC in an open at mosph er-l5cycles)toinvastag théiroxidatmn t o t
behaviour under high temperature conditions.

SEM-EDS microstructure images and analysis results of the surface obtained after cyclic oxidation of NiAl
34Cr1Ti alloy at the specified temperatures are given in Figure 5 and Tablel3 Surtace of the sample
exposed to oxidation at 1000AC, a t hB2amd NipHAZa s e
phases, and according to the EDS analysis result taken from point 1, it was determined that it was a phe
consisting of TiNi-O.
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900A

1000

Figure 5.SEM images of NiA34Cr1 Ti al |l oy exposed to oxidation.

Table 3.EDS analysis values of exposed to oxidation NBACF1Ti alloy (at. %).

800AC 900AC 1000AC
Element 1 2 3 1 2 3 4 1 2 3 4
(0] 44,2 46,7 28,2 57,7 46,6 441 73,8 57,6 47,8 42.8 60,8
Al 30,4 221 41,0 7.9 45,0 34,8 6,1 4.6 42,7 39,4 24,9
Ti 0,1 0,1 0,1 0,2 0,1 0,1 0,6 18,1 0,1 0,1 9,6
Cr 6,7 17,0 3,2 33,8 4.3 6,5 18,4 3,6 3,7 7.1 2,4
Ni 18,6 14,1 27,5 04 4.0 14,5 11 16,1 57 10,6 2,3
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