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Abstract

In present days, wireless sensor networks (WSN) have involved considerable attention of both academy and industry because of the
varied range of contexts in which they could be used. The has wireless body area network (WBAN) become the most important standard
for WSN, and several software and hardware platforms are built on it. The implementation and performance analysis of this standard
is essential to understand the important limits of it. The simulation is one of the greatest valuable tools for protocol evaluation and
prototyping design. Furthermore, network simulators play an important part to test new algorithms and other protocols built on this
specification. In this paper, the performance of the WBAN MAC standard protocols has been tested. The performance of the protocols
regarding power consumption, delay and packets congestion are compared using OMNet++ simulator.

Keywords: wireless, sensor network, WBANSs, algorithm, simulation.

1 INTRODUCTION

The wireless connection is used to connect different
devices without any physical connection like cables. The
wireless type of connection reduces the cost and difficulties
of using the traditional wired network. In wireless
networks, the connected devices use the radio frequencies
to send data between source and destination. The physical
layer in the wireless network devices is responsible for
getting connected to each other [1].

Current developments in micro-electro-mechanical
systems (MEMS) technology, wireless communications,
and digital electronics have allowed the progress of low-
cost, low-energy, multiuse sensors that are minor and
connect free in small areas. These little sensors, that
contain sensing, data processing, and communicating
gears, force the knowledge of sensor networks grounded
on cooperative energy of several nodes [2].

The Institute of Electrical and Electronic Engineers
(IEEE) confirmed the structure of a working collection for
IEEE 802.15.4 (IEEE 2003) to outline a foundation to
Body Area Network [3]. The 802.15.4 defines both the

* Corresponding Author.
E-mail:zalbayrak@karabuk.edu.tr

physical & media access control layer. The physical layer
can work in different bandwidths, the first one is the
frequency band 2.4 to 2.4835 GHz using 16 different
channels, the second one is the frequency band from 902 to
928 MHz using ten different channels, and the third one is
one channel in the frequency band 868.0 MHz to 868.6
MHz [4]. There are different features of the media access
control layer managing. They are beacons, channel contact,
managing of GTS, proof of the frames, and others. There
are two methods of process of the media access control
layer contingent on the topology that used and the need for
certain bandwidth; they are beaconless approach and
beacon approach. In the beaconless approach, the sink node
is the only state waiting for information. The expedient that
wants to send info, it will first check if the channel is
empty. If it is empty, then it will send the info. If it is not
empty, it will wait for an arbitrary time that defined in the
ordinary. If the sink node has info that must be sent to an
expedient, it will wait till the nodes demand for the
information. After that, the sink node must send the
acknowledgment to reaction of the demand. The sink node
will transmit the info if they are pending, using the exact
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procedure of CSMAJ/CA. In the case of no info that waits,
the sink node sends an empty info frame. The beaconless
approach is naturally used in the nodes that sleep for a long
time (99%). When an incident occurs, the nodes will wake-
up and immediately will direct a frame of aware. In this
kind of work, the sink node will not supply any
synchronization for the nodes, no Guaranteed Time Slot
(GTS) will be coming, and only arbitrary access is taken
over for medium spreading because of no superframe and
the space of synchronization. There are many kinds of
sensors used in sensor networks: low sampling rate
magnetic, thermal, seismic, visual, infrared, acoustic and
radar, which can sense different environment
circumstances such as humidity, temperature, lightning
condition, vehicular movement, noise levels, pressure, soil
makeup and the current features like speed, course, and
size of an item.

Sensor nodes could be beneficial to place sensing,
continuous sensing, control of actuators, and event
recognition. The idea of wireless connection and micro-
sensing of these nodes open the door for many different
application zones [5]. In current times, there has been
growing awareness from researchers, application
developers and system designers, on a novel kind of
network construction commonly known as wireless body
area networks (WBANSs) or body sensor networks (BSNS),
made possible by new developments on frivolous, ultra-
low-power, small-size, and smart monitoring wearable
sensors. In WBANS, sensors constantly watch human’s
physical actions and activities, like motion pattern and
fitness situation [6].

We studied five different MAC layer protocols which
are used broadly in WBANS. Two different scenarios were
created using Castalia simulator under the OMNET++
platform. We calculate, delay, power consumption, and
packets congestion with the using of two different sensor
dBm.

The rest of the paper is organized as follows: In
Section 2, we will review the literature. Section 3 contains
MAC protocols in WBANS. Section 4 contains OMNET ++
simulation framework of mac protocols and finally, section
5 concludes the paper.

2 RELATED WORK

Recently, many articles have reviewed and detailed the
aspects of wireless sensor and WBANS.

In [7], a new frame structure design is proposed for a
new MAC in WBAN by prioritizing patient data traffic.
Later, critical patient data were measured effectively and
threshold-based slot allocation technique was developed.
Also, packet size, mark spacing, super frame time efficient
frame design are presented.

Hybrid MAC protocols for WBAN are compared in
[8]. First, the design challenges of WBAN MAC are listed.
Second, hybrid MAC protocols are compared to standard
MAC protocols. Third, a comprehensive comparison of
hybrid MAC protocols is presented in terms of QoS and
WBAN specific values. Finally, important open research
areas neglected in hybrid MAC design have been
identified.

A new QoS-based cross-layer MAC protocol is
proposed in [9], capabile with the ISO / IEEE 11073
standard, using a socket allocation scheme, priority
mechanism, multi-channel architecture, and cross-layer
solution. The proposed MAC protocol has been modeled
and simulated. The proposed method gives better results
than other MAC protocols in terms of end-to-end delay,
packet loss rate and throughput parameters.

In [10], a TDMA-based MAC protocol is proposed to
dynamically adjust the transmission order and transmission
time of the nodes according to the channel status of the
WBAN and application context. The working slot
allocation optimizes by minimizing the energy
consumption of the nodes, subject to delivery probability
and production constraints. It has also proposed a new
synchronization scheme to reduce synchronization
overhead.

In [11], reviewed protocols for sensor wireless
networks and grants cataloguing for the several methods
pursued. The Datacentric, the hierarchical and position-
based are three important classifications that are inspected
in this paper. In addition, the quality of network flow and
service modeling is also discussed.

In [12], reviewed the synchronization of the time issue
and the requirement for synchronization of the time in
sensor networks, after that presents in detail, the
synchronization of the time in the basic form approaches
designed and proposed for sensor networks.

In [13], suggested the unwanted EA’s performance
when dealing with grouped routing problem in WSN by
framing a new fitness role that incorporates two clustering
parts, viz. cohesion and separation error.

In [14], offers sensor-MAC (SMAC), a new medium
access control protocol planned for the networks of the
wireless sensors. While dropping power, feeding is the
primary goal in the plan; the protocol has the decent ability
to change the size and capable of escaping from the
collision. It achieves these by using a collection of
scheduling and contention scheme.

In [15], the availability of WSN nodes are considered
that can be addressed by indulging the distant testing and
fixing the substructure for separate sensor nodes using
COTs components, they built and evaluated the system
level examination interface for distant testing repair and
software update. This also covers contents regarding the
plan methods which were carried to explore the difficulty
using the projected infrastructure. The wireless broadcast
can be used efficiently in various testing with optimum
cost.

In [16], the modified superframe structure of IEEE
802.15.4 based MAC protocol is proposed which addresses
the problems and improves the energy consumption
efficiency. Moreover, priority guaranteed CSMAJ/CA
mechanism is used where different priorities are assigned
to body nodes by adjusting the data type and size.

In [17], presented an energy-efficient cooperative
MAC (EECO-MAC) protocol using power control in
mobile ad hoc networks. Cooperative communications
improve network performance by taking full advantage of
the broadcast nature of wireless channels.
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3 WBANs MAC PROTOCOLS

At the MAC layer, there is an interchange among
latency, reliability, and energy feeding that must be fixed.
The QoS needs, i.e., latency and reliability, create from
applications, and power feeding mirrors the overall
protocol complexity and appropriate duty cycle [18].
Resource efficiency is a very important factor when
developing a MAC protocol for WBAN. Comparing to
wireless networks for more wide areas, WBANSs
experience much fewer power consuming which explains
into more long times by getting an actual little duty cycle
and a basic protocol job. Regularly, the body sensor has a
partial battery volume, particularly for these sensors that
are located in the body. For raise, the lifetime of those
sensors, power effective MAC protocols will be a
significant part. In contrast, some WBANSs grounded
applications require a very dependable connection, little
delays, and little energy feeding [19].

To report the serious problem of spreading sensor
time, many low energy MAC protocols have been
projected for general WSNs [20]. In those protocols, the
radio is switched on and off occasionally to maintain power
[21].

S-MAC usages three new methods to decrease power
feeding and provision self-formation. To decrease power
feeding in hearing to a silent network, nodes occasionally
snooze. Adjacent nodes procedure practical groups to auto-
match on snooze timetables. Enthused by PAMAS, SMAC
likewise puts the radio to snooze through communications
of further nodes. Different from PAMAS, it solitary utilizes
in-network signing. Lastly, SMAC puts on note transitory
to decrease argument dormancy for sensor-network
applications which need to keep and advance dispensation
as information transfer over the network [22].

TMAC protocol is a medium access control protocol
planned particularly for wireless sensor networks. TMAC
allows wireless sensor node switch on its wireless at
harmonized periods and switches it off later of a firm time-
out once no message happens through some period.
Messages are spread in bursts. This arrangement lets active
alteration of the wireless-on period to altering message
rates. TMAC protocol keeps additional power comparing
to its predecessor SMAC in a network which message rates
change. SMAC protocol allows the node to switch the
wireless on for a static period. S-MAC needs change to the
message rate, while T-MAC does not [23].

BMAC is a carrier sense media access (CSMA)
protocol for wireless sensor networks. Driven by
ecological monitoring applications, BMAC structures
extreme low energy work, actual impact escaping, minor
code scope, and expectable implementation. To reach little
energy work, BMAC hires an adaptive little energy
wireless selection arrangement to decrease working
sequence, minimalize idle hearing, and remove the
overhead of harmonization. BMAC lets facilities to
rearrange the MAC protocol for the best act, whether it be
for productivity, dormancy, or energy preservation [24].

BanMAC is IEEE 802.15.6 for wireless body area
transportations. That standard aims to stipulate numerous
physical layers (PHY) and medium access control (MAC)

layer protocols for the diversity of requests with numerous
QoS needs [25].

ZigBeeMAC is IEEE 802.15.4 standard stipulates that
MAC layer is largely accountable for retrieving of the
physical layer wireless channel, that is to reach networks
active admission grounded on the physical layer interface
purposes [26]. There are mostly two types of information
sending style in ZigBee networks: with-beacon connection
and without-beacon connection. In with-beacon networks,
the network director occasionally transmits beacon frames,
gear in PAN network is harmonized per the beacon frames
from the director. For without-beacon networks, the
network director arbitrarily broadcast beacon frames from
period to period. When the node is around to transmit info,
initially, it must pause for an arbitrary distance of time, and
after that start to sense the network situation, if free, the
node begins to transmit info; if not free, the node must
pause for additional time, and re-sensing network till the
network is free to transmit info. To shorten the
understanding of the protocol, the plan utilizes without-
beacon info sending model. Figure 1 shows the wireless
body area networks” MAC protocols.

[ Mac Protocols ]

[ Baseline Wireless ] Channel Access

Standards L Mechanism
|

_,( Schedule
L Based(TDMA) )
_, Contention Based )
L (CSMA / CA) )
N Hybrid ]

Hybrid of
—>| IEEE 802.15.4 & P-MAC [34] ]
IEEE 802.15.6

Body-MAC [33]
BAN-MAC [35]
Body-QosS [36]
U-MAC [37]
HUA [38]

]
]
]
]
]
» Med-MAC [39] )
]
]
J
]
]

»( IEEE802.15.6 p

PLA-MAC [40]
PNP-MAC [41]
DQBAN [42]
[ Mc-MAC [43]
([ eMc-MAC [44]
Figure 1. WBAN MAC Protocols.
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4 SIMULATION FRAMEWORK

Network simulators attempt to model the actual
networks [27]. The main knowledge is that if a system
could be modelled, structures of the model could be
altered, and the conforming outcomes could be examined.
As the procedure of model adjustment is inexpensive
comparing the whole actual operation, an extensive variety
of scenarios could be examined at small charge [28] [29].

Presently there are a lot of network simulators which
have various structures in dissimilar features [30]. A small
list of the present network simulators contains OPNET,
NS-2, NS-3, REAL, OMNet++, J-Sim, SSFNet, and
QualNet. Though, in this chapter, we do not aim to shelter
all the presented network simulators. We only choice some
characteristic ones and do some study and compare some
from the others a little to grow a good opinion of the key
structures of a specific network simulator. OMNet++ is
widely used WBANSs open-source network simulator that
has an influential modular core design and graphical
interface [31] [32].

» . Sensor 1
. 1 Sensor 2
. Sink Y
Sensor3-- L _ l Sensor 4
Sensor 5 .

. Sensor 6

Figure 2. Distribution of the sensors.

We take four different considerations to compare
among; delay, the power consumed, and collision. To
evaluate the performance of the wireless sensor network;
we created a simulation scenario using Castalia simulator
based on OMNet++ platform We created two different
scenarios in Castalia simulator, the first scenario with six
nodes and one sink node and the second scenario with 24
nodes and one sink node. The simulation parameters that
we used are shown in table 1. In 6 nodes scenario, we
assumed that all the 6 nodes are attached to one person only
plus the sink node. as shown in Figure 22. For the 24 nodes
scenario, we assumed that there are 4 persons in one room
and every person have 6 nodes plus sink node attached for
each one. We applied five different MAC layer protocols;
TMAC, SMAC, BMAC, BANMAC (802.15.6), and
ZigBeeMAC (802.15.4). In both scenarios, the application
in each node generate 10 packets per second, and each
packet size is 105 Byte as listed in table 1. We calculated
the average delay from the delayed histogram by taking the
average time for each interval in the histogram and
multiply it by the number of packets received during this

interval, then we take the summation of them and divided
it by the total number of the received packets.

Table 1. Simulation parameters
Parameters Scenario 1

Topology Star

Number of
Nodes
Field Area
Mobility
Simulation
Time
Startup Delay
Time
Application
Packets Rate
Application
Packets Size
Node TX Power

MAC Protocols

Scenario 2

6+1 24+1

2 X 2 meter 6 X 4 meter
Static Nodes

60s
1s
10 packets per second

105 Byte

-10 dBm, -20 dBm
TMAC, SMAC, BMAC,
BANMAC, and ZigBeeMAC

Max Packet o
Size for MAC No Limit
Buffer Size for
MAC 32 Packets
Packet 11 Byte

Overhead for MAC

We calculated the power consumption for the nodes by
assuming that each node will consume 3.0 mW per second
during the transmission and receiving with -10dBm sensor
power and 2.9 mW per second during the transmission and
receiving with -20dBm sensor power. Then calculate the
time the consumed to transmit and receive all the packets
in each node and multiply it by the power rate for each
sensor power that assumed above.

We calculated the packets congestion by computing
the number of packets that failed to be reached the sink
node from each sensor due to the interference.

The average power consumed for six and twenty-four
nodes. -10 dBm and -20 dBm power is shown in figure 3
and figure 4. In the six nodes, the SMAC protocol gives the
least average power consumption level in both -20 dBm
and -10 dBm power. While in the 24 nodes, the BMAC
protocol gives the least average power consumption level
in both -20 dBm and -10 dBm power. This is because
BMAC does not have the RTS-CTS mechanism or
synchronization requirements of other MAC protocols like
SMAC and TMAC, the implementation is both simpler and
smaller.

04
03
0.z

01

BanMac BMAC SMAC TMAC ZigheeMAC

Consumption(mW)

H-10dBm_ W -20 dBm

Figure 3. Average power consumption for six nodes.
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Figure 4. Average power consumption for twenty-four
nodes.

The average delay for six nodes, -10 dBm and -20 dBm
power is shown in figure 5 and The average delay for
twenty-four nodes, -10 dBm and -20 dBm power is shown
in figure 6. In the six nodes, the BanMAC and ZigBeeMAC
protocols give the least delay in application level in both -
20 dBm and -10 dBm power. While in the 24 nodes, the
BanMAC protocol gives the least delay in application level
in both -20 dBm and -10 dBm power. This is because
BanMAC standard in a beacon mode with superframe
boundaries, a hub divides the time into multiple
superframes.

50
40
il
H 30
£
(=]
10
0
BanMAC  BMAC SMAC TMAC  ZigBeeMAC
5-10dBm ®-20 dBm
Figure 5. Average delay for six nodes
80
70
60
= .
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= 40
E 30
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Figure 6. Average delay for twenty-four nodes

The congestion of the packets for six and twenty-four
nodes, -10 dBm and -20 dBm power is shown in figure 7.
In the six nodes, the TMAC protocol gives the least
average packets congestion level in both -20 dBm and -10
dBm power. While in the 24 nodes, the TMAC and BMAC
protocols give the least average packets congestion level in
both -20 dBm and -10 dBm power. This is because T-MAC
allows wireless sensor node switch on its wireless at
harmonized periods and switch it off later of a firm time-
out once no message happens through some period.

Packets Congestion per Node for 6 Nodes and -
10 dBm Power

600

W g ™~ =
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0 L% e ey S
&
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1 2 3 4 5
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(@)

Packets Congestion per Node for 6 Nodes and
-20 dBm Power
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Packets Congestion per Node for 24 Nodes
and -10 dBm Power
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()
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Figure 7. Congestion of the packets

To be clearer to understand the performance
differences between the MAC protocols, we make a
comparison as shown in table 2.
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Table 2. Comparison of MAC Protocols

Average Delay Power Consumption Packets Congestion

Power -10 dBm -20 dBm -10dBm -20dBm -10dBm -20dBm
Number 6 24 6 24 6 24 6 24 6 24 6 24
of Nodes
BanMAC YoV Good YOV VeV gy Bad Bad Bad Bad Bad Bad  Mid
Good Good Good
BMAC ~ Mid Mid Mid Good Bad Yo Good ¥  Good Good Mid Yo
SMAC Good Good  Good Mid Good Good c\;/g(% Good Good Good Good  Good
Very  Very Very Very Very Very Very Very Very Very
TMAC Bad Bad Bad Bad Good Good Good Good Good  Good Good  Good
gobee  wey ey YoV Good  Jo  Good  Good  Good  Mid  Mid  Mid  Mid
M. M. Arshad, “EETP-MAC: energy efficient traffic
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Oz

Veri boyutunun artmasiyla orantili olarak degiskenler arasi baglantilarin analizi daha karmagik bir hale gelmistir. Yapisal olmayan veri
kiimelerinde, yapisal forma doniistiirme 6n islemleriyle birlikte, analiz stiregleri daha karmasik hale gelecektir. Konusma dilinin dogasi
geregi, siradan bir dokiiman dahi yiizlerce farkli terim igermektedir. Bu durum veri ¢ikarimi ve verinin yapisal forma doniistiirme
streclerini oldukga uzatmaktadir. Bu galismada kullanilan veri, E-ticaret olarak adlandirilan, ¢evrimigi aligveris islemleri sirasinda ve
sonrasinda, gergek kisiler tarafindan yazilan yorumlardan olugsmaktadir. Alternatif bir aligveris yontemi olan e-ticaret platformlarinda,
tiketiciler istedikleri tirtine/hizmete ait birgok farkli segenegi eszamanli inceleyebilmektedir. Tlketiciler bu sayede almig olduklar
Uriinle/hizmetle alakali tecriibelerini/diigiincelerini kolayca ifade edebilirken, diger tiiketicilerin yorumlarina ulagma firsatim1 da
bulabilmektedir. Bu durum metin veri agisindan, siirekli biiyliyen bir kaynak olugturmaktadir. Veri boyutunun siirekli olarak artmasi,
veri analizindeki zorlugu da ayni oranda arttirmaktadir. Boyut problemini agmak igin metin madenciligi (MM) galigmalarinda oldukca
poptler olan veri boyutu indirgeme ydntemlerinden biri, Tekil Deger Ayrisimi (TDA) kullanilmaktadir. Bu ¢aligmada, siniflandirmaya
dayali polarite yontemi, kompozit (bilesik) bir degisken olusturma siirecinde kullanilmaktadir. Olusturulan kompozit degisken, veri
icinde yer alan tum kelime ve kelime gruplarinin matematiksel olarak bir araya getirilmesiyle olusmaktadir. Dolayisiyla ilgili degisken
bir veri boyutu indirgeme fonksiyonu da saglamaktadir. TDA ve kompozit degiskenin, veri boyutu indirgeme performanslari
kiyaslanmaktadir. Modelleme yontemi olarak, Genellestirilmis Lineer Model (GLM) kullanilmaktadir. Modellerin performanslart 5-
katmanli-gapraz-dogrulama yodntemiyle degerlendirilmektedir. TDA skorlari ve kompozit degisken kullanilarak GLM modelleri
olusturulmaktadir. Sonuglar, 5-katmanin tamaminda kompozit degiskenin TDA skorlarindan ortalama %6 civarinda daha iyi
performans sagladigin1 gostermektedir. Bu yaklasim, MM’nin veri analizi siirecini kolaylastirmada ve dogruluk performansini
arttirmada 6nemli bir katk: saglayacaktir.

Anahtar kelimeler: Metin madenciligi, Polarite, Tekil Deger Ayrigimu.

Text Mining and Data Dimesion Reduction Approach on Consumer Comments

Abstract

In proportion to the increase in data size, the analysis of connections between variables has become more complex. In unstructured
datasets, analysis processes would become even more complex with transformation preprocessing to structural form. Due to the nature
of natural speaking language, even an ordinary document contains hundreds of different terms. This situation extends the processes of
data extraction and transformation. The data used in this study consists of comments written by real persons during and after online
shopping, called e-commerce. On e-commerce platforms, which are an alternative shopping method, consumers can simultaneously
examine many different options of a product / servic. In this way, consumers can easily express their experiences / thoughts about the
product / service they have purchased, and have the opportunity to access other consumers' comments. This situation creates an
continously-growing source of text data. The continuous increasing in data size increases the difficulty in data analysis at the same
rate. One of the most popular data size reduction methods in text mining (MM) studies, Singular Value Decomposition (SVD) is used
to overcome the size problem. In this study, the classification-based polarity method is used in the process of creating a composite
variable. The composite variable is formed by mathematically combining all words and phrases in the document. Therefore, the relevant
variable also provides a data size reduction function. Data size reduction performances of the SVD and the composite variable are
compared. Generalized Linear Model (GLM) is used as the modeling method. The performances of the models are evaluated with 5-
fold-cross-validation method. GLM models are created by using TDA scores and composite variables. The results show that the
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composite variable outperformed the SVD scores on average by about 6% in the all 5-layers. This approach will make a significant
contribution in facilitating the data analysis process of MM and increasing its accuracy performance.

Keywords: Text Mining, Polarity, Singular Value Decomposition.

1. Giris (Introduction)

Bilgisayar ve iletisim teknolojileri bilyiik bir hizla
gelisimini siirdiiriirken, sosyal hayatin her asamasinda
da ayni hizla yerini almaktadir. Giinlik hayatin dogal
akigl, gittikge daha da artan bir gekilde elektronik bir
form kazanmaktadir. Ekonomiden sagliga, hemen her
alanda devam eden siirecler, anlik olarak bilgisayar
ortaminda kayit altina alinmaktadir. Bu durum, anlik
kayitlt veri olusumunun biiytikligiinii ve hizint insan
hayal giiciinlin de 6tesine tagirken, veri madenciligi ve
veri analizi yapmak icin mikemmel bir imkéan
saglamaktadir. Surekli olarak artan veri boyutlari, veri
analizi siireglerini oldukga giiclestirmektedir. Bu amacgla
mevcut yéntemlere ek olarak bircok yeni veri boyutu
indirgeme yontemi gelistirilmektedir (Varghese, 2012).

Bir verinin kalitesini belirleyen unsurlarin basinda
verinin ulagilabilirligi, uygun biiylikliige sahip olusu,
gercekligi, ilgili alan1 kapsayiciligi, objektifligi ve
gincelligi gelmektedir (Pipino, 2002). Bu unsurlar
dikkate alindiginda, sosyal platformlarda olusan verinin
kiymeti ve saglayabilecegi bilginin kalitesi acikca
anlasilmaktadir. Elektronik ortamda olusan verinin
%80’den fazlasimnin yapisal olmayan formda oldugu
bilinmektedir (Rajalakshmi, 2015). Bu durum, yapisal
olmayan bir veriyi yapisal forma doniistirmede
kullanilan metin madenciliginin de Onemini ortaya
koymaktadir. Bu c¢alismamizda, e-ticaret alaninda,
tiketici yorumlarma dayali bir metin madenciligi
uygulamasmi gosterecegiz. Bu sayede, TDA’nin ve
polariteye dayali gelistirilen bir kompozit degiskenin
veri boyutu indirgemedeki ~ performanslarini
inceleyecegiz.

Elektronik ticaret (E-ticaret) elektronik iletigim
yollariyla, iriin ve hizmetlerin verilmesi anlamina
gelmektedir. Her ne kadar 2000°li yillardan sonra
yaygmlig artsa da, e-ticaretin ortaya ¢ikisi 30 y1l geriye
kadar uzaniyor. Elektronik veri degisimi (EVD),
elektronik ortamda belgelerinin bir bilgisayardan
digerine standart bir formatta ulagtirilabilmesi yontemi,
e-ticaretin yapilabilmesini miimkiin kilan temel
baslangi¢ noktasi olmustur. EVD, 1960'l1 yillarda, bazi
tasimacilik ve perakendecilik sektorlerinin kirtasiye
masraflarin1  azaltma c¢abasiyla ortaya ¢ikmistir.
1990'lara gelindiginde, halen Avrupa'daki ve Amerika
Birlesik Devletleri'ndeki sirketlerin ¢ok azi, EVD
yontemini kullanmaya baglamisti. Ancak bu daha sonra
gelistirilen World Wide Web (WWW) ve bununla
iliskili olarak kaynak adres bilgisi veren URL ve HTML
dili e-ticaretin buglnku seviyesine ulagmasinin 6ntinii
acmigtir (Tian, 2008). E-ticaretle birlikte kisi ve
isletmelerin alig/satig, tedarik¢ileri ve miisterileri ile
iliskilerini yonetme, lojistik ve envanter diizenleme
siiregleri hizlanmig ve kolaylasmistir. Dolayisiyla

maliyetler de ©nemli 6&l¢iide azalmistir. Tim bu
sagladig1 kolaylik ve hizla, e-ticaret yeni bir rekabet
alan1  olusturmustur. Bu amagla Joyo Amazon,
DangDang gibi birgok sirket e-ticaret sektoriine
giiclerini birlestirerek girmistir. Tekstil endustrisi de
geleneksel pazarlama yoOntemini, e-ticaretin ortaya
¢ikmasi nedeniyle degistirmistir. Zhenxiang ve Lijie
calismalarinda Cinli Zara ve Vancl tekstil firmalarinin
online perakendecilik alaninda bir araya gelmelerini ve
bu alanda gosterdikleri basarilarint incelemislerdir
(Zhenxiang, 2011).

Uzun siire smirli alanlarda kullamilan e-ticaret,
bugiin bitin sektdrlerde kullanilmaya baslanmistir. Bu
durum miisteri etkilesimlerini kayit altina alma imkéani
saglamistir. Bu amacgla hizmet etkilesimlerinde
miisterilerin yorum ve goriislerini incelemek i¢in duygu
analizi teknikleri gelistirilmistir. 2018’de Yom-Tov
tarafindan yapilan bir ¢alismada miisterilerin duygu
analizini otomatik olarak yapacak bir algoritma
gelistirilmistir. Bu sayede, miisteri goriis ve duygulari
dinamik bir bigimde takip edilmistir. Baslangicta negatif
miigteri yorumlarina konu olan aksakliklar belirlenmis
ve sonrasinda ilgili firmalarin bu alanlar {izerine
yaptiklart diizeltmelerle, miisteri yorumlarinin pozitife
dondiigii gézlemlenmistir. Bu sayede, hizmet etkilesimi
sirasinda  misteri duygu dinamikleri ile hizmet
basarisizligi ve iyilestirme kavramlari arasindaki iligki
unsurlart belirlenmistir. Bu durum gelecekteki hizmet
kalitesini arttirmaya yardimct bir bilgi kaynagi olarak
degerlendirilmistir. Yom-Tov c¢alismasinda, miisteri
etkilegimi ile hizmet kalitesi arasindaki baglantiy1 net bir
bicimde ortaya koymustur ve web tabanli hizmet
kalitesinin gergek zamanl izlenebilmesi ve kontroli icin
duyarlilik analiz araglarinin kullanilmasini Snermistir
(Yom-Tov, 2018). Elbette e-ticaret alaninda faaliyet
gosteren firmalar misterilerin duygu ve egilimlerini
takip etmek icin geleneksel yontemlerin yani sira, sosyal
medyay1 da aktif olarak kullanmaktadir. Bu amagla
Twitter gibi sosyal medya platformlari 6nemli bir bilgi
kaynagr  olusturmaktadir.  Firmalar  kendilerini
ilgilendiren bir konuda mevcut olan bir baglik etiketi
(hashtag) altina yapilan paylasimlari takip ederek veya
kendilerinin belirleyecegi bir baslik etiketi yardimryla,
insanlarin firma tarafindan paylasilan baz1 sorulara
cevaplarin1 veya genel yorumlarini almasi, firmanin
miigterileriyle dinamik ve es zamanli bir etkilesim
kurmasini saglayacaktir. Buna ek olarak misteriler
tarafindan paylasilan bu veri, diger tiiketiciler igin
hizmet ve iriinler hakkinda fikir sahibi olmalarini
saglayacaktir. Yani, bu degerli veriler hem firmanin hem
de tiketicinin  kararlarmi  desteklemek igin
kullanilabilmektedir. ~ Al-Otaibi  konuyla  alakali
calismasinda, metin formatinda Twitter verilerini,
destek vektdr makinesi (Support Vector Machine
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(SVM)) algoritmasi ile pozitif veya negatif seklinde
simiflandirmistir (Al-Otaibi, 2018). Internet
kullanimmin yayginlagsmasi ve internet ortaminda
kisisel fikir ifade etme kolayligi, internet {izerinden algi
caligmas1 yapabilmek i¢in cok verimli bir alan olmustur.
Son on yilda s6z konusu metin verilerin otomatik
sekilde toplanmasi ve islenmesi {izerine birgok duygu
analizi algoritmasi gelistirilmistir. Bu algoritmalarin
temel amaci bir metnin 6znel olup olmadigini
belirlemek ve eger 6znel ise, olumlu veya olumsuz bir
goriis oldugunu tespit etmektir (Pajupuu, 2016).

Duygu analizinin temel amaci bireylerin bir konu
hakkindaki egilimlerini tespit etmek ve gelecek
egilimleri hakkinda oOngorii gelistirmektir. Pajupuu
yaptigi calismada 6znel metinlerin polaritesini otomatik
olarak belirleyen makine 6grenimine ve kelime karakter
dizilimine (lexical sequence) dayali algoritmalar
gelistirmistir ve iki modelin  performanslarini
kiyaslamistir. ilgili calismada makine 6grenimi yontemi
daha basarili sonug tiretmistir (Pajupuu, 2016). Benzer
bir polarite caligmasi da Singh tarafindan yapilmistir.
Yapilan calismada Twitter’dan blog paylagimlarina
birgok farkli kaynaktan veri toplanmis ve duygu
analizinde makine Ogrenimine ve kelime karakter
dizilimine (lexical sequence) dayali algoritmalarin
performanslari incelenmistir. Ayrica yapilan ¢alismada
gozetimli (supervised) ve gdzetimsiz (unsupervised)
algoritmalar da kargilagtirilmistir. Cesitli kaynaklardan
elde edilen metinlerin duygu analizi ve sezgisel tabanli
duyarlilik  modellemesi i¢in makine &grenimi
algoritmalarina ek olarak, sozliige dayali yontemlerin
performanst da degerlendirmektedir. Bu sayede sinema
filmi veya benzeri {irinler ig¢in yapilan yorumlarin
polarizasyonu saglanmigtir. Her iki yaklasimin
kiyaslamasi da ek olarak yapilmistir (Singh, 2014).
Singh'in sozliige dayali yontemlerin polarizasyon
performansin1  makina  6grenimi  algoritmalarinin
performanslariyla kiyaslamistir. Bunun yaninda, makina
Ogrenimi algoritmalarinin da kendi iginde performans
olarak ayristigini tespit etmistir. Zubrinic, bes farkh
makine Ogrenimi  algoritmasim1  duygu  analizi
modellerinde  uygulamistir. ~ Cevrimi¢i  miisteri
yorumlarinin polarizasyonuna dayali bu caligmada,
Naive Bayes, Destek Vektor Makinesi, Yapay Sinir
Aglart ve Maksimum Entropi C4.5 algoritmalarmin
performanst gozlemlenmistir. Sonuglar Destek Vektor
Makinesi ve Maksimum Entropi C4.5 yéntemlerinin
daha yiiksek dogruluga wulastigmi gostermektedir
(Zubrinic, 2018). Zhao ve Xu ise ¢aligmalarinda Yapay
Sinir Aglarinin 6zel bir yaklagimini dogal dil isleme
stirecinde uygulamistir. Calismada duygusal polarite ve
yapay sinir aglart bir metin icinde yer alan
celdirici/manipile  edici ifadelerin  tespitinde
kullanilmistir (Zhao, 2018).

Metin madenciliginin en temel amaci, bilgi
kaybetmeden metin i¢inde yer alan sinifsal ve anlamsal
baglantilar1 belirlemektir. Ancak veri boyutunun hizla
artmast bu konuda dnemli bir zorluk olusturmaktadir.

Arunachalam yaptigi calismada Bayesian
siniflandirmadan  genetik  smiflandirmaya  birgok
siniflandirma teknikleri tizerine fikirler gelistirmistir
(Arunachalam, 2017). Boling ve Das yaptiklari metin
siniflamas1 ¢aligmasinda veri boyutunun olusturdugu
zorluklar1 agmak i¢in Tekil Deger Ayrisimi (TDA) veri
indirgeme yontemini kullanmigtir. TDA yOnteminin
kullanilmasmim en temel sebebi, blyik boyutlu bir
verinin getirdigi veri 6nigleme surecinin zorluklarini
azaltmak ve bunu yaparken orijinal veriden bilgi kaybini
en az seviyede tutmaktir (Boling, 2015).

Bu calismada ¢evrimigi aligveris islemleri sirasinda
ve sonrasinda, paylasilan miisteri yorumlar1 {izerine
duygu analizi  yapilmistir. Yontem  olarak
siniflandirmaya dayali polarite ve kompozit degiskene
dayali boyut indirgeme yaklasimlari uygulanmustir.
Genellestirilmis Lineer Modeller (GLM) f{izerinden,
kompozit degiskenin smiflandirma performansi ve veri
boyutu indirgeme performanst TDA ile kiyaslanmistir.
Kompozit degiskenin TDA skorlarindan ortalama %6
civarinda daha iyi performans sagladigt
gozlemlenmistir. Bu yaklasimla, metinsel veri analizi
sirecinin kolaylastirilmasi ve dogruluk performansinin
arttirilmasi hedeflenmistir.

2. Materyal ve YOntem (Material and Method)

2.1. Polarite (Polarity)

Polarite kavrami, ¢alismalarin igerigine bagh olarak
farkli amagcla kullanima sahip olsa da, bu ¢aligmada, bir
dokiimani olusturan &znel terimlerin olumlu ya da
olumsuz olarak smiflandirilmasi anlaminda
kullanilmistir. Tomar yaptigi caligmada polariteyi iki
asamali olarak ele almistir. Bunlar, bir terimin ©6n
polaritesi ve baglamsal polaritesi olarak ifade edilebilir.
On polarite, terimin yalin halde tagidigi anlama gore,
bagil polarite ise terimin bulundugu ciimle iginde
tasidigr anlama gore ele alinmasi olarak 6zetlenebilir
(Tomar, 2016). Bagil polarite siirecine analizcinin
sezgisel olarak katlimi gerekmektedir. Bu da tamamen
otomatik bir siireci imkéansiz kilmaktadir. Bu sebeple
calismada 6n polariteye dayali bir metin isleme siireci
uygulanmuistir.

Calismanin bu kismu, kisilerin duygulari ile terimler
arasinda On polariteye dayali bir iliski tespiti
hakkindadir. Temel amag, her bir dokiimanin igerdigi
pozitif (“tavsiye edilen” recommended) ve negatif
(“tavsiye edilmeyen” not recommended) terimlerin
tespit edilmesi ve daha sonra mevcut bilgiyi
matematiksel olarak doniistiirtip ilgili dokiimanin genel
pozitif oranmin hesaplanmasidir. Bu hesabm temel
amaci ise, verinin toplandigi alanla ilgili polariteye
dayali bir sozliik olusturmak ve her bir terimin tagidigi
polarite  agiligmin  biylkliglini ve  yOniini
belirlemektir. Boylece ilgili alanda yer alan benzer
verilerin otomatik duygu analizi yapilabilir olacaktir. Bu
amagla, her bir dokiimanin pozitif polarite oranini igeren
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kompozit (bilesik) bir degisken hesaplanmistir.
Polariteye dayali olusturulan kompozit degiskeninin
matematiksel ifadesi asagidaki verilmistir: Kullanilan
veride mevcut bagimhi ve bagimsiz degiskenler ikili
(binary) formdadir. Yani,

A = 1, j. terim i. dokiimanda mevcut (1)
tj — o, j. terim i. dokiimanda mevcut degil

Ayrica, modelin basarisim1 en iyi sekilde test
edebilmek i¢in, bagimli degiskenin her iki kategorisi
i¢in de esit sayida durum alinmstir. Bu sebeple, yapisal
olmayan veriden elde edilen terim sayisi n olmak iizere,
olusturulan yapisal verinin matris boyutu (2k) Xn
seklinde ifade edilmistir.

— a11 alz e aln
a21 (122 o a2n
Xaxn = A k2 Qg 2)
A+1)1 Ak+1)2z 7 Ak+n
| Ar)r Qerz 7 A

X 21)xn Metin veriden elde edilen yapisal veri olsun
oyle ki, ilk k adet satir bagimli degiskenin ‘0 (“Not
Recommended”) kategorisine, ikinci k adet satir ise
bagimli degiskenin ‘1’ (“Recommended”) kategorisine
karsilik gelsin. Yani,

a1 a1 7 Qan
A = |0 T2 ©
A1 Qg2 -0 Qgn
A1 Aenz Glern
e e e B )
A2kl A2k)2 < Qekn

olmak uUzere, Ay, matrisi bagimh degiskenin ‘0’
kategorisine, B (zj)xn matrisi ise bagimli deZiskenin ‘1’
kategorisine karsilik gelen kisim olsun. Ayrica V7,
X 21)xn Matrisinin j. sttunudur dyle ki, yapisal olmayan
veriden elde edilmis j. degiskene (terime) karsilik
elmektedir ve degiskene ait birim degerler sirasiyla
faj_}-J Q2j) e ak}-} seklinde verilmektedir.

0, =X, a; (5)

Oyle ki 0; j. terimin yer aldigi ‘0’ kategorili
dokiiman sayisidir. Benzer olarak,

1j = Ziszﬂ aij (6)

Oyle ki 1; j. terimin yer aldigi ‘1’ kategorili

dokiiman sayisidir. Buna gore, j. terimin tiim veri i¢in,

‘1’ kategorili dokiimanlar iginde yer alma oranmi 1R;
olarak hesaplanir.

—_Y
1R, = = ()

Her bir dokiimanmn (! = L.2,..,2k) bireysel
‘kategori 1’ egilimini tespit etmek igin Oranl_i
degerini hesaplanacaktir. Bu amagla oncelikle her
dokiimandan elde edilen toplam terim sayisi (TS;)
hesaplanmustir.

TS] = Z;-lzl aij (8)

i (AR a;))

Oranl_i =
TS

) ©9)
j

Polariteye dayali degisken Review Recl Rate N’e
(N Fold (katman) Sayisi1 (k-fold cross-validation)) ait
birim degerleri Oranl_1, Oranl 2, Oranl_2k
seklinde ifade edilmektedir.

2.2. Tekil deger ayrisimi (TDA)

Tekil Deger Ayrisimi (TDA) ¢ok popiiler bir matris
boyutu kiigtiltme teknigidir ve istatistikte buyik
boyutlu veri kiimelerinin boyutlarinin bilgi kayb1
olugsmadan, daha makul seviyelere indirgenmesi igin
kullanilmaktadir. Metin madenciliginin dogas: geregi,
kii¢lik sayilabilecek metinlerden dahi binlerce dznel
terim ¢ikarimi olabildiginden, TDA metin madenciligi
alaninda ¢ok yaygin kullanima sahip bir yontemdir.
TDA indirgeme islemi 6zetle su sekilde yapilmaktadir:
A matrisi mxn boyutunda, metin veriden retilmis ikili
(binary) formda bir (terim-dokiiman) frekans dagilim
tablosu olsun dyle ki m dokiiman (tliketici yorum)
sayis1 ve n ¢ikarilan (secilmis) terimlerin sayisidir.

A=UDV' (10)

Oyle ki U, m x r boyutunda ortogonal bir matris, V,
n X r boyutunda ortogonal bir matris, V' matrisi V
matrisinin eslenik transpozesi ve D r X r boyutunda
kare bir matristir. Burada r A'A carpiminin 6zdeger
(eigenvalue) sayisidir 6yle ki A" matrisi A matrisinin
eslenik transpozesidir. Modellere yerlestirdigimiz
kavram matrisi, dokiiman skor matrisi olarak da islev
goren, U matrisidir (Yucel, 2016).

2.3. Genellestirilmis Lineer Model (Generalized
Linear Model)

Y bir bagimli degisken ve Xi,X,,..., X, rastgele

degiskenler olsun Oyle ki, P(Y|X1,X2,...,Xn) sartli
dagilimina sahip genellestirilmis lineer model, genel
olarak su bilesenlerden olusur (Levy, 2012):
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1-  X;’lerin Y lizerindeki etkileri n fonksiyonu ile ifade
edilir oyle ki n X;’lerden olusan lineer bir
kombinasyondur.

2-  Model bir link fonksiyonu Gzerine kurulur.

3- Lin—- EY) =y tersinir bir fonksiyon olmak
uzere,

n =P+ Xic1 BiX; (10)

ifadesi bir genellestirilmis lineer modeldir dyle ki n =
() link fonksiyonudur.

3. Uygulama ve Bulgular (Application and
Findings)

3.1. Veri (Data)

Calismada kullanilan verinin orijinal adi “Women’s
Clothing E-Commerce’. Veri ikili (binary) formda olup,
internet Gzerinden bayan kiyafetleri satis1 yapan bir
firmanin miisterilerinin, iiriinler hakkindaki yorumlarini
ve begenme diizeylerini icermektedir. Verinin bagiml
degiskeni ‘Recommend’ (tavsiye) (0: No, 1: Yes) olarak
belirlenmistir. Veri iginde toplam 7480 tliketici yorumu

1. Adim: Veri Toplama ve Hazirlama Siireci

bulunmaktadir ve her iki kategori (0/1) igin tiiketici
yorum sayilari esittir. Veri gergek bir ticari isletmeleri
konu aldigindan, veri i¢inde yer alan firma isimleri
‘perakendeci’ olarak degistirilmistir. Veri CCO 1.0
Universal lisansina sahiptir. Lisansin detaylarina
creativecommons.org/publicdomain/zero/1.0/
adresinden ulasabilirsiniz.

3.1. Uygulama Adimlar: (Implementation steps)

Calisma 6 temel adimdan olugmaktadir. Birinci adim
iic asamali olarak uygulamr. ilk asama, uyumlu bir
algoritma ile direk olarak veri kaynagindan veya hazir
paket olarak ilgili bir veri tabanindan veri teminidir.
Calismada kullanilan veriseti, bir online veri paylasim
platformu olan Kaggle.com’dan almmistir. Ikinci
asamada, belirlenen bagimli degiskenin kategorilerine
gore dagilimin dengeli olmasi igin, rastgele segim
yontemini kullanarak her iki kategorinin de (0 veya 1)
esit sayida dokiiman sayisina sahip olmasi saglandi.
Verinin ham halinde alinan kaynagiyla alakali olarak,
baz1 link, dosya uzantilari, adres bilgileri, sayfa/sira
numaralar1 gibi calismayla ilgisi olmayan unsurlar
bulunabilir. Bu tarz unsurlar {iglincli asamada veriden
temizlenir ve bdylece ilk adim tamamlanmis olur.

2. Adim: Dogal ll)“ isleme Siireci

\

l—{i;levsiz Sozciik Temizligi (Stop-Words) ]~|

METIN VERi
Cevrimici Musteri

Yorumlari

Bagimlh Degiskene
G6 A
ik Veri Temizleme
Dengeleme
(Esit Katmanli)

I-[Sﬁzciik Kékiine indirgeme (Stemming) ]-I

r{Es Anlamlilarin Belirlenmesi (Synonyms) ]—I

I-[Ct'imleleri Dizgelere Ayirma (Tokenization) ]—I

v

Misteri s
Yorumlarinin

Siniflandirilmasi

Polariteye Dayali
Kompozit

Rastgele Orneklem

Genellestirilmis

Lineer Modeller >

(GLM)

Siniflandirma
Basarisinin
Degerlendirilmesi

(Singular Value
Decomposition)

ilesi 31 Ikili (Binar 2 .
(Bilesik) Degisken ( v) Yontemi ile Kontrol
) Formda 2ok
- . (Training) ve Test
Yapisal Veri g 4
. - G (Testing) Veri Gruplarinin
Tekil Deger Ayrisimi Uretimi

Belirlenmesi

L J

)

3. Adim: 5-Katmanh Gapraz Dogrulama

L )\

l (5-Fold Cross-Validation)
)

6. Adim: SlLlflandlrma
Modeli Olusturma ve Model
Bagsarisini Degerlendirme
Siireci

|
5. Adim: Kompozit
Degisken Uretme Siireci
(Boyut indirgeme)

4. Adim: Yapisal Olmayan Veriden
Yapisal Veri Olugturma Siireci

Sekil 1: Yontem ve uygulama adimlari(Method and implementation steps)

ikinci adim genel olarak dogal dil isleme siireci
seklinde ifade edilebilir. Ilgili veri Ingilizce metinlerden
olugmaktadir. Metin islemede kullanilan metin

madenciligi arac1 StatSoft Statistical2, Ingilizce icin
hazir ve genel bir ‘islevsiz sozciikler’ (stop-words)
listesi saglamaktadir. Mevcut veride tespit edilen diger
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https://kaggle.com/nicapotato/womens-ecommerce-clothing-reviews?

islevsiz sozciikler de ayni listeye eklenmistir. Bunun
yaninda, Statistica Ingilizce dili igin, kelimeleri
koklerine indirgeyen (stemming) ve cumleleri dizgelere
aytran (tokenization) algoritmalar1 da saglamaktadir. Ek

olarak, veri iginde yer alan eg anlamli terimler belirlenip,
dil analizinden 6nce programa yiiklenmistir. Sekil 2°de
Statistica metin madenciligi sozliik olusturma siirecine
iliskin bir ekran goriintiisii paylasilmistir.

MstatSoft' gy h Word Editor: Clothing_E-Commerce_SVDvsPolarity

STATISTICA

yULll ST 7 TCIICXIVE ‘blllsulﬂl) ‘
youcseloes # tﬁ ill‘iiﬂlf:ll‘:f) lEl;lllllllgz:llI)a l‘ ;r:;‘sr',';:,f: Synonyms (replace, combine words)
he # subject 7 Synonyms_Clothing. txt
him # object &,g%el, ‘,@Silei
his # possessive adjective and pronoun | B Save ‘z Edit
himself # reflexive [o—— [
l Remove ‘ Remove all

she # subject
her # object Root Words
hers # possessive adjective and pronoun
herself # reflexive Poor sleazy
it # subject and object shrink miniaturize
its # possessive adjective
itself # reflexive expensive pricely

# third person plural
they # subject expensive costly
them # object
their # possessive adjective fade discolor
theirs # possessive pronoun
themselves  # reflexive poor third-rate

# other forms (demonstratives. interrngatives)

Sekil 2. Metin madenciligi s6zliik olusturma siireci (Text mining dictionary creation process)

Uciincii adimda, veri esit sayida dokiiman igeren,
birbirinden bagimsiz ve kesisimi bos kiime olan 5
katmana rastgele secim yontemiyle ayrilmistir 6yle Ki
her katmanda yer alan dokiimanlarin, bagimh
degiskenin kategorilerine goére dagilimi da esit
sayidadir. Sekil 3 ‘de GLM tanimsal kodlama altinda yer
alan ‘SAMPLE’ kodu ile ifade edilen test gruplari
belirlenmektedir.

Dordiincti  adim temel olarak iki asamadan
olusmaktadir. flk asamada, olusturulan bes katmandan
biri (%20) test verisi olarak, geriye kalan dért katman
ise kontrol verisi olarak diizenlenmistir. Bu islem, her
bir katmanin, sirasiyla bir kez test verisi olarak
dizenlenmesini ve bdylece bes adimda verinin
tamaminin test edilmesini saglamak i¢in uygulanmistir.
ikinci asamada ise, veriden ikili (binary) formda bir
matris elde edilmistir. Bu matris terim-dokiiman frekans
tablosu olarak adlandirilmaktadir. Genel olarak
dordiinci adim, yapisal olmayan (metin) veriden,
yapisal ve ikili (binary) formda bir veri elde etme siireci
olarak ifade edilebilir.

Besinci adimda, temelinde yukarida verilen
matematiksel  formiilleri  caligtiran  algoritmalar
yardimiyla, polariteye dayali kompozit degisken ve
TDA’ya dayali dokiiman skorlar1 hesaplanmistir.
Kompozit degisken ve dokiiman skorlarinin bulundugu
degiskenler, sonraki adimda olusturulacak olan
modellerde bagimsiz degisken olarak yer almaktadir.

Distribution : BIMOMIAL
Link function: LOGIT
Response variable : "Recommended{l:Y/O:N)"

Codes of dependent variable
0 : Primary code (1)
1: Secondary code (@)

Design Effects:
Continuous effects : "REVIEW_REC1_RATE_"
Categorical effects:

Model specification:

GLZ ;

RESPONSE = "Recommended{l:Y/0:MN)" (8 1) ;
GROUPS = none;

COVAR ATE = ""REVIEW_REC _RATE_1";

DESIGN = ""REVIEW_REC _RATE_1;

INTERCEPT = include :

PARAM = sigma;

SDELTA = 7;

SURFACE = none;

MIXTURE = none;

SAMPLE = "CV_TESTING1" { 182.) ;
COUNTY = none;

MBUILD = all; |
CONVERGE = 7:1
MAXITER = 1@ ;
IN TIALS = none;
OFFSET = none;
OUTPUT = none;

Sekil 3. GLM tanimsal kodlama (GLM definitive
coding)
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Calismanin altinct ve son adiminda ise, besinci
adimda retilen iki grup bagimsiz degiskenler
yardimiyla  Genellestirilmis Lineer = Modeller
kurulmaktadir ve bdylece her bir dokiimanin bagimh
degiskende karsilik geldigi kategori (0 veya 1) tahmin
edilmeye calisilmigtir. Bir bagka ifadeyle, tiiketici
yorumunun duygu analizi yapilmistir. Bu amacla,

olusturulan model kullanilarak tiim dokiimanlar 0 ve 1
kategorilerine gore siniflandirilmigtir. Son agamada, her
iki bagimsiz degisken grubuna dayali yapilan
simiflandirmalarin dogruluk oranlari hesaplanmistir ve
bdylece hem modellerin hem de degisken gruplarinin
basarilar1 olciilmiistiir. Sekil 4’te GLM’e ait parametre
ve katsay1 belirleme detaylar1 verilmistir.

<Header copyright="STATISTICA Data Miner, Copyright (c) StatSoft, Inc., www.statsoft.com."/>

<DataDictionary number(fFields="2">

<DataField name="Recommended(1:Y/@:N)" optype="categorical":
<Value value="8" NumericValue="0"/>
<Value value="1" NumericValue="1"/>

</DataField:

<DataField name="REVIEW_REC1_RATE_1" optype="continuous"/>

</Datalictionary:>
<GeneralizedlLinearModel
functionName="classification”

modellame="Generalized linear regression”

modelType="generallinear"”

targetVariableName="Recommended(1:Y/@:N)">

<Extension name="Distribution" wvalue="binomial"/>
<Extension name="LinkFunction" value="logit"/»
<ParameterlList>

<Parameter name="pl" label="Intercept"/»

<Parameter name="p2" label="REVIEW REC1 RATE 1"/»

</ParameterlList>
<FactorlList>»
</FactorList>
<Covariatelist>

<Predictor name="REVIEW_REC1_RATE_1"/>

</Covariatelist>
<PPMatrix>»

<PPCell walue="1" predictorName="REVIEW REC1 RATE_1" parameterName="p2"/»

</PPMatrix>

<Extension name="CorrectDummyCode” wvalue="1"/>
<Extension name="IncorrectDummyCode” wvalue="-1"/>

<ParamMatrix>

<PCell targetCategory="0" parameterName="pl" beta="3.16184785908780e+0@1" />
<PCell targetCategory="0" parameterlame="p2" beta="-6.45249167688618e+8081" />

</ParamMatrix:
</GeneralizedlLinearModel:
</PMML>

Sekil 4. StatSoft Statistica TMID (Tahmin Modeli Isaretleme Dili) GLM algoritmas1 (StatSoft Statistica TMID (predictive
model markup language) glm algorithm)

4. Sonugclar (Conclusions)

Kullanilan veride toplam 7480 tiiketici yorumu
bulunmaktadir. 5 katmanli ¢apraz dogrulama testi igin,
her bir test grubunda (%20) toplam 1496 tiiketici
yorumu bulunmaktadir. Tiiketici sayilar1 her iki kategori
(0 veya 1) igin esit (748 adet) sekilde dagitilmistir.
Baska bir ifadeyle, veri ayrik ve esit dagilima sahip bes
parcaya ayrilmistir. Bu sekilde uygulanan modelin
performanst bes kez test edilmistir. Lineer modeller
binomial dagilima sahip bir veri {lizerine uygulanmistir
ve logit olasilik fonksiyonu kullamilmistir. Her bir
katman icin iki kez lineer model olusturulmustur. Her
iki modelde de bagimli degisken olarak, tuketici cevap

bilgisini iceren ‘Recommended (0/1)’ degiskeni
kullanilmistir. Birinci modelde bagimsiz degiskenler
TDA skorlari, ikinci modelde ise kompozit degiskenler
olarak belirlenmistir. Lineer Modellerin tamami o =
0,05 anlamlilik diizeyinde, istatistiksel olarak anlamli
sonug vermistir. Bu siiregte modeller iki agamali test
edilmistir. Birinci agsamada p-deger (a = 0,05)
parametresinin anlamli olmasi beklenmistir. Ikinci
asamada, anlamli  bulunan modelin  ‘mutlak
dogruluk/mutlak ~ dogru  tahmin’  performansi
Olcililmiistiir. Bu 6l¢tim sonuglar1 karisiklik matrisleriyle
ifade edilmistir. Tablo 1’de bes katman igin, modellerin
kategorilere gore yaptig1 dogru ve yanlis tahmin sayilar
(kanigiklik  matrisleriyle) verilmektedir. Modellerin
dogruluk oranlar1 Sekil-5’te verilmistir.
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Tablo 1. Her bir katman i¢in, GLM tahminlerine gore dogru veya yanlis siniflandirma sayilari (Number of correct

or incorrect classifications for each layer based on GLM estimates)

TDA POLARITE
Dokiimanlarin Siniflandirilmasi
Tahmin 0 Tahmin 1 Tahmin 0 Tahmin 1
Gozlem 0
Katman 1 ; 653 95 708 40
Gozlem 1 131 617 84 664
Gozlem 0
Katman 2 0 648 100 698 50
Gozlem 1 133 615 80 668
Gozlem 0
Katman 3 ; 628 120 683 65
Gozlem 1 127 621 88 660
Gozlem 0 628 120 639 109
Katman 4 N
Gozlem 1 144 604 76 672
Gozlem 0 597 151 634 114
Katman 5 .
Gozlem 1 149 599 86 662

Tablo 2, Tablo 1’de verilen dogru tahmin sayilariin
toplam tahmin sayilarma orani, bagka bir ifadeyle,
modellerin basari oranlart verilmektedir. Sonug¢lardan
da agikga goriildiigii gibi, polariteye dayali kompozit
degisken tiim katmanlarda ortalama %6 daha iyi sonug
vermektedir. Polariteye dayali degiskenin modellerde
sagladig1 basar1 orani en diisiik %86,63 ve en yiiksek
%91,71 arasinda degismektedir. Bu durum son yillarda
yapilan benzer polarite ¢aligsmalart dikkate alindiginda
oldukga dikkat gekici bir basar1 sunmaktadir.

Tablo 2. Modellerin dogruluk oranlari (The accuracy of the
models)

Veri Boyutu indirgeme

Dogruluk Oranlari (%) Yontemleri
TDA POLARITE

- Katman 1 84,88 91,71
. — i_)
£E%  Katman2 84,42 91,30
= o
&= Katman3 83,48 89,77
o D
52  Kaman4 82,34 87,63
(G

Katman 5 79,94 86,63

flgili ¢alismalarm anlatildigi kisimda da ifade
edildigi tizere, Zubrinic 'in 2018’de yayinladig tiketici

Duygu analizi calismasinin, ikili (binary) bir veride
elde ettigi dogruluk oran1 maksimum %84,5 civarinda
kalmigtir (Zubrinic, 2018). Bunun yaninda Zhao ve
Xu'nun detaylarinin  yukarida verildigi, 2018’de
yayinlanan fikir tespiti (opinion detection) ¢aligmasinda,
modellerin dogruluk oranlar1 en iyi %70,02 civarinda
kalmigtir (Zhao, 2018).

| Veri Boyutu indirgeme Yéntemleri TDA
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Abstract

In order for people to be able to communicate with each other, they must be able to agree mutually. Communication is quite difficult
for individuals with hearing problems. Such individuals make their lives much more difficult by isolating themselves from society.
The people living with hearing loss can understand the contact person with often lip-reading method, but it is quite difficult for them
to express themselves to the people. Since the use of sign language has not become widespread around the world, the number of
people who know sign language is very low, except for individuals with hearing disabilities. In this study, it was achieved to
dynamically recognize the movements of the sign language finger alphabet via image processing using deep learning methods and to
translate it into writing. Accordingly, it is aimed to facilitate communication between people who do not know the sign language in
daily life and people with hearing loss. The input given to the system is an image of the hand showing any letter from the alphabet.
The image of the hand is interpreted by deep learning methods in the system, and it is compared to one of the letters in the alphabet
and an output with the similarity ratio to this letter is displayed on the screen. The system has been tested with a total of 1300 images.
The overall accuracy rate of the system was calculated as 88% where true positive rate was 87% and false negative rate was 13%.

Keywords: Sign Language, Image Processing, Deep Learning, Image Analysis, Object Detection.

Goriintii isleme ve Derin Ogrenme Yontemleri Kullamlarak isaret Dili

Harflerinin Taninmasi
Oz

Insanlarm birbirleriyle iletisim kurabilmeleri icin karsilikl olarak anlasabilmesi gerekmektedir. isitme problemi yasayan bireyler icin
iletisim kurmak oldukga zordur. Bu tiir bireyler kendilerini toplumdan soyutlayarak yasamlarim cok daha zor hale getirmektedir. Isitme
kayb1 yasayan insanlar iletisimde bulunurken kargisindaki kisiyi genellikle dudak okuma yontemi ile anlayabilmektedir fakat
karsilarindaki insanlara kendilerini ifade etmekte oldukca zorlanmaktadir. Isaret dili kullanimmmn diinya genelinde yeterince
yayginlagmamis olmasi sebebiyle, isitme engelli bireyler diginda isaret dilini bilen kisi sayis1 oldukga azdir. Bu ¢alismada, isaret dili
parmak alfabesine ait hareketlerin, derin 6grenme yontemleri kullanilarak goriintii isleme ile tamnmasi ve yaziya ¢evrilmesi dinamik
olarak saglanmugtir. Bu dogrultuda, giindelik yasamda isaret dilini bilmeyen insanlar ile igitme kaybi olan insanlar arasindaki iletigimi
kolaylastirmak hedeflenmistir. Sisteme verilen girdi, alfabeden herhangi bir harfi gosteren elin goriintiisiidiir. Elin goriintiisi,
sistemde derin 6grenme yontemleriyle yorumlanarak, alfabedeki harflerden biriyle eslestirilmekte ve bu harfe benzerlik oram ile
birlikte ekrana yazdirilmaktadir. Gelistirilen sistem, 1300 resim ile test edilmistir. Sistemin dogruluk oran1 %88, gercek pozitif orani
%87 ve yanlig negatif oran1 %17 olarak bulunmustur.

Anahtar kelimeler: Isaret Dili, Goriintii Isleme, Derin Ogrenme, Gériintii Analizi, Nesne Tespiti

1. Introduction etc. Sign language; is a silent, visual language created

) . by the handicapped and speech impaired people by

Creatures use the signals transmitted through using hand gestures, facial expressions and body

various channels when communicating.  These language as a whole to communicate with each other.
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country. In this sense, there are more than 200 sign
languages in the world. American, British, German,
French, Italian, Indian and Turkish sign languages are
some of them. In this article, it is aimed to recognize
the Turkish sign language and some English sign
language letters (Q, W, X) with image processing using
deep learning methods and translate it into writing.
Many studies have been done on this subject. As a
result of our researches, approximately 4000 image
dataset which were specifically created for the Turkish
Sign Language alphabet were selected. From this
dataset, approximately 1600 photographs were edited
and tagged and used in the system training phase. The
system was developed with the Python programming
language. TensorFlow and OpenCV libraries were used
as image processing tools. Image Labeling and Object
Detection methods were applied. Thus, the labeling,
training and testing of the dataset were achieved.
Faster-R-CNN (Convolutional Neural Network) was
determined as the deep learning model. In addition, the
accuracy rates and performance analysis of the
obtained results were performed. As the output of the
study, a dynamic and high performance system was
developed to facilitate communication between people
who do not know sign language and people with
hearing impairment.

1.1. Literature Survey

In their paper, Ashish and Aarti (2016) proposed a
system hand gesture recognition system where image
color analysis and image segmentation methods are
used. The proposed system prepared by Sandhya and
Ananya (2018) aimed to recognize American Sign
Language and convert it into text. The input given to
the system was a hand image showing the required
alphabet. The histogram of the input image was
calculated and checked for similarity to the histograms
of previously saved images using the Bhattacharyya
Distance Metric. OpenCV was used in the proposed
system. The CNN, Machine Learning (ML) methods
and depth-sensing technology were used in the study
which was performed by Gaikwad et al. (2019). They
used a pre-trained GoogleNet architecture. In the study
of Tamura and Kawasaki (1988), a 3D dictionary was
created from hand shapes. According to this dictionary,
2-dimensional images were interpreted and classified
according to their features.

Kumarage et al. (2011) proposed to subdivide the
transactions for recognition via parallel processing and
mapping the motion data to static data representations,
Also, the issue of matching sign language gestures with
linear / nonlinear equations was mentioned. In the
paper which emerged as a result of the research of Tan
et al. (2020), a CNN with spatial pyramid pooling for
vision-based hand gesture recognition was introduced.
The performance of the proposed method was
evaluated on American sign language datasets and

hand gesture dataset. Pramada et al (2013) designed an
intelligent system using the concepts of image
processing, machine learning and artificial intelligence
where sign language alphabet was digitally encoded by
filtering. In their research Shivashankara and Srinath
(2018), proposed a framework where the 24 static
alphabets of the American Sign Language (letter J and
letter Z not included) were translated into English text.
They achieved an average recognition rate of 98.21%.
In their study, Vargas et al (2011) presented an image
pattern recognition system using neural network for the
identification of sign language. The system had several
stored images that showed the specific symbol in a
kind of language which was employed to train a
multilayer neural network using a backpropagation
algorithm. They enabled the definition of the sign
language by using image processing with various
filtering methods and algorithms. They also stated that
different features can be added to improve the accuracy
of the system.

In the work of Unutmaz et al. (2019), the Turkish
sign language recognition was investigated by hand
gestures made in front of Kinect device and converted
into writing. Convolutional Artificial Networks (CNN),
Support  Vector Machines (SVM), Kk-Nearest
Neighbours (kNN) and Decision Trees (DT) were used
for recognition and their performances were compared.
When the manually extracted video frames were used
via data augmentation, the accuracy rate reached to
%99. However, when the sequential video frames were
used to imitate real-time recognition behaviour, the
maximum accuracy rate decreased to %81.

Celik and Odabas (2020) suggested a system that
automatically detects Turkish sign language for 29
letters in the Turkish alphabet and 10 numbers by hand
gestures made in front of the camera. This method has
been developed with CNN modeling for sign detection
using frames of videos. Different success rates have
been achieved by manually processing the frames of
videos. It has been reached a 53.8% accuracy rate
without preprocessing of hand images using only CNN.
By means of manual hand image extraction, %91
accuracy rate has been achieved. When more than one
CNNs have been used with LSTM to manually capture
the hand movements in the video frames, the accuracy
rate has increased to 97%.

2. Materials and Methods

Python 3.7 was preferred as programming language
in this project for image processing. Among the deep
learning libraries, TensorFlow was chosen as the most
suitable one for our system. The training and
determination of the dataset were carried out via the
TensorFlow library. The video card was one of the
main parts of the overall system. The OpenCV libraries
on the other hand, enabled the camera to be controlled,
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the data to be tagged and the images to be filtered. In
addition, it showed which class the detected object
belongs to in a rectangle, with a percentage of
accuracy.

Any of the drivers prepared by the video card
manufacturers for deep learning was required to be able
to train the system. These drivers have been developed
to make training more efficient, fast and successful.
The equipment which was used during training was the
Nvidia Ge-Force GTX 1060 graphics card with a
capacity of 3 GB, and the CUDA core was 1280.

To apply deep learning methods on this video card,
CUDA and cuDNN drivers were downloaded from the
video card manufacturer's official page. The most
suitable versions of the drivers for the system are
CUDA 8.0 and cuDNN 7.1.4. After installing the
drivers and assigning their paths to the system
variables, a virtual environment was created on the
Anaconda IDE. Since the system had a complex
structure in itself, it was important to download all
libraries completely to the virtual environment.

The algorithm model to be used in training has been
determined as Faster R-CNN. As a result of our
research, we observed that the most appropriate
algorithm model in terms of hardware and object
classification time was Faster-R-CNN. Faster R-CNN
applies CNN method on to the images. In CNN, a mask
filter navigates on the image, the filter converts each
mask into a pixel and calculates on the point where it is
located, then stores the results in the output matrix.
This last reached output matrix is called "feature map".
Feature Map makes predictions based on image
tagging. Faster RCNN architecture is a combination of
region proposal network (RPN) which proposes
regions and Fast RCNN detector which uses these
proposed regions to give final bounding boxes of the
object. An RPN takes feature map as input and outputs
a set of rectangular object proposals, each with an
objectness score. The objectness measures score
between object and background. Faster RCNN uses
anchor boxes of 3 aspect ratios and 3 scales. Thus for
each pixel in the feature map, there are 9 anchor boxes.
The region proposal time with selective search is 2 sec
per image, whereas with RPN it’s just 10ms (Shaoging
etal., 2017).

3. The Proposed System
The main steps of the proposed system is shown in

RIFH R & I

Preparing Data
The Dataset Labelling

0

Training Testing
Figure 1. The main steps of the proposed system

3.1. Preparing The Dataset

In this step, dataset research was carried out for the
system to detect the entire communication of the
individual, who tries to show a letter from the sign
language alphabet by coming across the camera by
hand in real-time with high accuracy ratio. The
"Turkish Sign Language Dataset" on the Kaggle
website has been used in the project for training our
system. The dataset contains images of 26 letters that
were taken from different angles and made by different
individuals. While there were approximately 4000
images, approximately 1600 of them were used for
training. Since some images were not of sufficient
quality for training, approximately 100 photographs
taken by ourselves have been added to the dataset.
Some of the sample images in our dataset are given in
Figure 2.
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Figure 2. Some images from dataset

Then, the editing or extraction of data that was not
sufficient for training and deemed unnecessary in the
selected dataset was done. Upon completion of the
necessary procedures, approximately 4000 images were
reduced to approximately 1600 images. In addition, in
the parts that do not seem sufficient, the images we
took (approximately 100) were added to the dataset.
Thus, the dataset has been prepared for the training.
After this stage, the photos were labeled before feeding
to the deep learning model for training.
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3.2. Data Labelling

In order to detect objects in real time in front of the
camera, the data must first be introduced to the
computer. The photos in the edited dataset were tagged
and introduced to the computer to which class it
belongs to. This process was done using OpenCV
library. After this process, the XML file of each photo
was created. However, the computer cannot read XML
file during training. Therefore, each XML file has been
converted into a single CSV file. This was done using a
Python script. Each line in the CSV file contains XML
information for a different photo. As a result, the
dataset becomes ready for training.

3.3. Training

For this step, the libraries required for the training
of the system were installed by creating a virtual
environment in Anaconda IDE. Among the libraries to
be used, the most important for the training of the
system is the TensorFlow library. Tensorflow is an
open source deep learning library. Being open source
allows the problems encountered to be solved easily
via customizing the code. One of the biggest
advantages of the library; with the APIs it offers, the
platform allows us to use one or more CPUs and GPUs
independently. In addition, the library's development
with Python maximizes its compatibility for our
system. Tensorflow contains many configuration files
and allows these files to be manipulated for training the
system. In this way, the configuration files were
prepared in accordance with our system and made
ready for training. Tensorflow offers weight files based
on the number of data in the system and the training
conditions (speed, accuracy rate, etc.). After the weight
files were integrated into the system, the number of
letters and symbols to be used in the project were also
introduced to the system. After this process, the
configuration file was edited and the number of output
classes was written. This number is 26 in our project.

After then, the training of the system began. The
training period lasted approximately 10 hours and the
prediction time was less than 2 seconds. Tensorflow
displays the loss function after each transaction,
informs about the stage of the training and makes it
easier for us to make a decision to stop it.

In addition, Tensorflow shows all stages of training
on the graph in a web interface running on localhost.
Training continues until you achieve the lowest loss
rate. When the lowest loss rate is obtained, the training
is stopped and the “frozen inference” graphic formed as
a result of the training is exported for the operation of
the system. The default name of the file is
“frozen_inference graph.pb”. By means of this file, the
performance of the training and the accuracy rates were
observed.

3.4. Testing

After the training, it is very important to test and
check the accuracy of the system. If error ratio is high
in real time detection, the system may need to be re-
trained and the model may be re-generated. In this step,
image quality and resolution are one of the factors that
increase the accuracy rate. Two different cameras were
used during the test. In addition, the performance of the
system was measured by testing hand movements of
different people. The effect of complex or empty
background during hand movement have been
observed on the performance of the system. All 26
letters are statically and dynamically tested. The
system has been tested using photos prepared for
testing beforehand. Then, real-time tests were carried
out using the camera. Figure 3 shows some of the real-
time test results.

Figure 3. Some of the real-time test results

The statistical analysis was made according to the
estimation results produced by the system. There are
two cases, the system either shows the correct letter or
the wrong letter. While TP (True Positive) shows the
result that the model predicts the positive class
correctly, FN (False Negative) shows the result where
the model incorrectly predicts the negative class.
Precision shows how many of the values we predict
positively are actually positive. Recall shows how
many of the trades we should have predicted positively.
Precision and recall values do not give a meaningful
comparison when calculated separately. Therefore, it
would be more correct to evaluate these two values
together. For this, we need to calculate the F-Score
value. F-Score is the harmonic mean of precision and
recall values.
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Table 1 shows the accuracy, the F-Score, true
positive and false negative values for each letter that
was introduced to the trained system during testing.
The results were obtained by showing 50 signs from
each letter in front of the camera.

Table 1. Test Results Analysis Table

Sign TP FN Accuracy  F-Score
A 98% 2% 98% 98%
B 80% 20% 80% 88%
C 94% 6% 94% 96%
D 80% 20% 80% 88%
E 88% 12% 88% 93%
F 92% 8% 92% 95%
G 74% 26% 74% 85%
H 86% 14% 86% 92%
| 90% 10% 90% 94%
J 80% 20% 80% 88%
K 80% 20% 80% 88%
L 94% 6% 94% 96%
M 76% 24% 76% 86%
N 76% 24% 76% 86%
O 80% 20% 80% 88%
P 88% 12% 88% 93%
Q 74% 26% 74% 85%
R 92% 18% 92% 95%
S 94% 16% 94% 96%
T 90% 10% 90% 94%
U 88% 12% 88% 93%
\% 88% 12% 88% 93%
W 86% 14% 86% 92%
X 96% 4% 96% 97%
Y 88% 12% 88% 93%
z 92% 8% 92% 95%

The system has been tested in real-time with a total
of 1300 images. According to the results, the overall
accuracy rate of the system was calculated as 88%. The
TP rate was 87% and the FN rate was 13%. During the
test, it was observed that the delay time of the camera
was 28 milliseconds. This indicates that there will be
no freezing or noticeable delay when using the system.
Thus, users will be able to communicate between them
fluently and smoothly.

4. Performance Measurement

To analyze the performance of the system, the
infographics presented by TensorFlow in the local
environment were examined after the training phase.
Looking at the graphs given in Figure 4, as the
iterations increase, accuracy approaches 1 while the

loss function approaches 0. This shows that the more
iterations there are, the higher the accuracy rate of
training. While the calculated accuracy rate is 88%, the
total loss is 0.1.

accuracy loss
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Figure 4. Accuracy and Total Loss Graph

The distributon charts of bias and weight are given
in Figure 5. The X axis indicates time, the Y axis
indicates values. These charts are a top view of
histogram charts. It would be more accurate to examine
the histogram graphs for interpretation.

ModelVars/Conv/biases ¥ Modelvars/Conv/weights

Figure 5. Biases and Weights Distribution View

Histogram graphs are shown in Figure 6. There are
three axes in the histogram. According to the figure, X-
axis values (depth), Y-axis time, Z-axis shows the
intensity (frequency) of values represented on the Y-
axis. Histograms become darker as the depth in the X-
axis increases. Taking a higher value on the Z axis
means the vector produces a value closer to the
specified value.
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Figure 6. Biases and Weights Histogram

The results in Table 2 were obtained when the
methods in the other 2 articles for the recognition of
Turkish sign language by image processing were
compared.
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Table 2. Comparison Table with Other Studies

Dataset Image Models Accuracy
Processing
Celik Images Non-real CNN without 53%
and from 200 time preprocessing
Odabas videos CNN with 91%
(2020) preprocessing
CNN+LSTM with 97%
preprocesing
Unutmaz 4320 Real time CNN 81%
etal. images SVM 71%
(2019) from KNN 61%
videos DT 54%
Non-real CNN 93%
time SVM 82%
KNN 80%
DT 75%
Our 1700 Real time Faster-R-CNN 88%
proposed images
method

In Table 2, the accuracy values for the
methods used in Unutmaz et al. (2019) were given for
the session in which the training was performed with
the %5 portion of the whole data set. Because, real
time performances of those methods were also
evaluated using the the same portion value for the
training data set. Celik and Odabas (2020) used the
manually separated hand gesture frames from videos
for recognition using CNN model which was a non-real
time process. The accuracy of the CNN model
increased when they applied preprocessing to extract
the hand objects from the frames. However, our
method achieved %88 accuracy rate in real time
without any preprocessing.

5. Conclusions

As a conclusion, we proposed a system that
converts 23 letters in the Turkish Sign Language
Alphabet and 3 letters (Q, W, X) in English Sign
Language into text using image processing and deep
learning methods. Our system which performs this
process in real time used the Faster R-CNN
architecture unlike other systems in the literature. In
addition, the development of the system with Python
increases its comprehensibility, while the use of open
source libraries facilitates its accessibility. While the
system takes the hand image that mimics the sign
language alphabet as input, it shows the letter that
looks like the hand image as output with its accuracy
rate. When we look at performance measures such as
Accuracy rate, F-Score and Loss value, our system
seems to be successful. The developed system will
facilitate communication between people who do not
speak sign language and individuals with hearing
disabilities. Thus, people with hearing impairments

will be prevented from isolating themselves from
society and their self-confidence will be increased.
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Abstract

There are three important functions of manufacturing which are process planning, scheduling and due date assignment. Instead of
executing these functions separately, combining them together helps making more realistic and applicable plans. In this problem context
random search, semi-tabu, random/semi-tabu hybrid, evolutionary strategies, and random/evolutionary strategies hybrid methods are
utilized in solution. Different sized job shops are studied for performance tracking. As a result of study differences between individual
solutions and integrated solutions was revealed. It is found that integrating these functions are advantageous in terms of total
performance measure, and thus customer satisfaction. Random search is better than ordinary solutions. On the other hand, semi-tabu,
evolutionary strategies and their hybrids are outperformed random search. Hybrid search methods are found promising.

Keywords: Process planning, weighted due-date assignment, weighted scheduling, random search, hybrid evolutionary strategies,
hybrid semi-tabu search.

Teslim Tarihi Anlasmal Entegre Siire¢ Planlama ve Cizelgeleme icin Tabu

Arama ve Hibrit Evrimsel Stratejiler Algoritmalar:

Oz

Imalatin, siire¢ planlama, cizelgeleme ve teslim tarihinin belirlenmesi olmak iizere iic 6nemli fonksiyonu bulunmaktadir. Bu
fonksiyonlar1 ayr1 ayr1 gergeklestirmek yerine, tigiinii birlikte degerlendirmek daha gergekei ve uygulanabilir planlarin hazirlanmasina
yardimei olacaktir. Bu problemin ¢oziimiinde rassal arama, kismi tabu, rassal arama/kismi tabu hibriti, evrimsel stratejiler ve rassal
arama/evrimsel stratejiler hibriti yontemleri kullanmilmigtir. Yontemlerin performansim degerlendirmek amaciyla farkli bityiikliikteki
atolyeler {izerinde ¢aligilmistir. Calisma sonucunda ayrik ¢oziimler ile entegre ¢oziimler arasindaki farklar ortaya ¢ikmustir. Bu
fonksiyonlarin entegrasyonunun toplam performans agisindan ve dolayisiyla miisteri memnuniyeti acisindan avantajli oldugu
bulunmustur. Rassal aramanin siradan ¢oziimlerden daha iyi oldugu goriilmiistiir. Ote yandan, kismi tabu, evrimsel stratejiler ve
bunlarin melezleri rassal aramadan daha iyi performans gostermektedir. Hibrit arama yontemlerinin gelecek vadettigi goriilmistiir.

Anahtar Kelimeler: Siire¢ planlama, agirlikli teslim tarihi atamasi, agirlikli ¢izelgeleme, rassal arama, hibrit evrimsel stratejiler,
hibrit kismi tabu arama.

in a job shop. Job shop scheduling is one of main

1. Introduction production types and problem we studied should be
] ) considered seriously. Although classically these three
Process planning, scheduling and due date functions are treated separately, lately numerous works
assignment are three essential manufacturing functions are done on Integrated Process Planning and Scheduling
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(IPPS) and Scheduling with Due-date Agreement
(SWDDA). Even though there are numerous works on
some level of integration, unfortunately there are only a
few works on IPPSDDA (Integrated Process Planning,
Scheduling and Due-date Assignment) which fully
integrates these three functions.

Since these three functions highly affect each other,
it is better to integrate them as much as possible. Output
of these functions are inputs to the downstream
functions. For example, output of process planning
becomes input for scheduling. Poor process plans cause
poor scheduling performance. If there is no integration,
process planner may always select some desired
machines repeatedly and they may not select some
undesired machines. This causes unbalanced machine
loading and reduce shop floor performance. If due dates
are given independently, then it may be unrealistic. We
may give far due dates unnecessarily and this increase
weighted earliness and due date costs. On the other
hand, if we give too close due dates then we may not
keep our promise and weighted tardiness cost increases.
At the literature due dates are given disregarding the
importance of customers, but in this study weight of
each customer is considered.

In the literature some works punished tardiness,
some punished earliness and tardiness, some punished
maximum absolute lateness, and some punished humber
of tardy jobs etc. But in this research, we penalized sum
of weighted tardiness, earliness, and due date related
costs. These terms are penalized because we wanted to
give realistic due dates and we penalized weighted due
dates to prevent unnecessary far due dates especially for
important customers. Far due date means loss of
customer goodwill, loss of customer or price reduction.
Weighted Tardiness is penalized to prevent late
delivery. Similarly, to due date related cost, tardiness
means customer ill will, loss of customer, loos of good
reputation and price reduction. Classically only
tardiness is punished but in JIT environment and in
reality, earliness is also problem. Stock holding, storage
and spoilage costs can be earliness costs. So weighted
earliness is also punished in this study.

Only scheduling function is NP-Hard class problem.
So integrated problem is even harder to solve. As we
mentioned earlier there are not much work on
IPPSDDA. For the problems on IPPS and on SWDDA
exact solutions are tried for very small problems. But for
large problems only some good heuristics are advisable.
In this research we applied evolutionary strategies,
semi-tabu, random, hybrid evolutionary strategies and
hybrid tabu search techniques are applied in the solution
of the problem.

We represented problem as chromosomes with (n+2)
genes where n represent number of the jobs. First two
genes are used to represent due date assignment rule and
dispatching rule sequentially. Remaining genes are used
to represent currently selected route of each job. As we
mentioned five search techniques are used and

compared with one another. Hybrid Evolutionary
strategies is found best among all others.

Eight shop floors are tested, and characteristics of
these shop floors are given at section 3.

We also tested different integration levels and tested
the benefit of higher integration levels. Firstly, we tested
unintegrated case where process plans are selected
randomly, jobs are scheduled in random order and due
dates are assigned randomly (externally). Later we
integrated Weighted Minimum Slack (WMS)
dispatching with process plan selection. After that we
tested integration of Weighted Slack (WSLK) due date
assignment with process plan selection. Finally, we
integrated three functions and we tested integration of
process planning with WMS dispatching and WSLK due
date assignment. As we mentioned weighted due date
assignment with weighted scheduling and process plan
selection is not addressed at the literature but in this
study, we tried to prove benefit of integration with
weighted scheduling and weighted due date assignment.

Process planning is defined as the systematic
determination of the methods by which a product is to
be manufactured economically and competitively
according to Society of Manufacturing Engineers.

Zhang and Mallur (1994) defined production
scheduling as a resource allocator, that considers timing
data while allocating resources to the tasks.

Pinedo and Chao (1998) defined the job shop-
scheduling environment as; n jobs to be processed and
m machines to process these jobs. Each job follows
some predetermined routes, visiting a number of
machines. Job shop problems occur primarily in
industries where each customer order has specified
characteristics and order sizes are moderately small.

Gordon et al. (2002) presented a good literature
survey on SWDDA. According to Gordon et al. (2002)
the scheduling problems involving due dates are of
essential concern. In a conventional production
environment, a job is expected to be completed before
its due date. In a just-in-time environment, a job is
required to be finished precisely at its due date.

If we look at more recent works, we see SWDWA
(Scheduling with Due-window Assignment) problem
became very popular in place of SWDDA problems.
Here due window is tried to be assigned instead of due
date. In this problem most suitable window with starting
point and length is tried to be determined.

Development in hardware, software and algorithm
makes it possible to solve new problems or to solve old
problem easier which were hard to solve previously.
After recent development in computer it is possible to
develop process plans easier. CAPP (Computer Aided
Process Planning) became possible and we can prepare
process plan faster. Since process planning easier, we
can prepare alternative process plans which help to
balance shop floor and increase shop floor utilization.

Since we minimize weighted due date, earliness, and
tardiness we should better schedule important customers
earlier. If we give close due dates for important
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customers at the beginning and schedule these
customers earlier then there can be substantial
improvements in performance measure and reduction in
overall weighted cost. This is tried to be observed in this
research.

It is important to solve problem in a reasonable
amount of time otherwise solution would be practically
useless. For this reason, we applied Evolutionary
Strategies (ES), Semi-Tabu Search (ST), RS/ES hybrid,
RS/ST hybrid and Random Search (RS) metaheuristics
to find a good solution in an acceptable amount of time.
We also compared search results with initial Ordinary
Solutions (OS) solutions and proved searches are very
useful. As expected, directed searches (ES, ST) and
semi-directed searches (RS/ES, RS/ST) outperformed
undirected (RS) search.

After representing problem as chromosome, we gave
higher probability for first two genes to be selected for
mutation operator. Because changes in these genes
greatly affect solution compared to slow effect of a route
of asingle job. So, we applied dominant genes and found
it useful.

We penalized weighted tardiness, earliness, and due
dates. This penalty function is found to be realistic and
very useful for IPPSDDA problem. These three terms in
penalty function are all undesired. Tardiness is punished
more according to earliness in terms of fixed and
variable cost. These cost terms and penalty function are
explained at section 3.

In short as integration level increased solution
became better. Searches are found very useful and
RS/ES outperformed all others. Best combination is
observed where full integration with RS/ES is used.
Using weighed due date assignment and weighted
dispatching are found useful and dominant genes are
used and this was also very helpful. In contrast to
literature we penalized three terms which are weighted
tardiness, earliness and due dates which is better and
more realistic.

2. Background and literature survey

Although IPPS and SWDDA are both popular
research topics, IPPSDDA are quite novel and only a
few researches were made. If we look at the recent
decade numerous works are conducted on IPPS.
Traditionally three functions are applied sequentially
and separately. Before going into detail, it is better to see
recent surveys on IPPS. Tan and Khoshnevis (2000) and
Phanden et al. (2011) prepared surveys on IPPS. For the
SWDDA problem it is better to review survey of Gordon
et al. (2002). For the IPPSDDA problem it is better to
see Demir and Taskin (2005) and Ceven and Demir
(2007). Demir and Taskin (2005) worked on IPPSDDA
problem in a Ph.D. Thesis. Later Ceven and Demir
(2007) worked on benefit of integrating due date
assignment with IPPS problem in an M.S. Thesis.

If more literature is to be listed on IPPS problem we
can give the following earlier works on this problem;

Wilhelm and Shin (1985), Khoshnevis and Chen (1991),
Zhang and Mallur (1994), Usher and Fernandes (1996),
Brandimarte (1999), Weintraub et al. (1999), Morad and
Zalzala (1999), Gindy et al. (1999).

If we integrate process plan selection with
scheduling, then we should determine alternative
process plans and number of alternative process plans
wisely. Corti and Portioli-Staudacher (2004) studied
alternative process plans availability and their effect on
manufacturing system performance.

Itis difficult to select best plans if there are multiple
process plans. Ming and Mak (2000) studied process
plan selection problem by using a hybrid Hopfield
network-genetic algorithm. Bhaskaran (1990) studied
process plan selection in his study.

Developments in hardware, software and algorithms
provide us to solve the problems which could not be
solved earlier, or we can solve the problems easier.
Recent developments provide CAPP (Computer aided
process planning). Usher and Fernandes (1996) and
Aldakhilallah and Ramesh (1999) studied integration of
process planning with CAPP.

IPPS problem is an NP-hard problem and
researchers commonly uses metaheuristics such as
genetic or evolutionary algorithms. Morad and Zalzala
(1999), Moon et al. (2002), Kim et al. (2003),
Drstvens$ek and Bali¢ (2003), Moon et al. (2008), Seker
et al. (2013), Zhang and Wong (2015) are worked on this
problem. Following works are relatively more recent
works on IPPS; Ming and Mak (2000), Tan and
Khoshnevis (2000), Thomalla (2001), Kim et al. (2003),
Usher (2003), Drstvensek and Bali¢ (2003), Corti and
Portioli-Staudacher (2004), Shrestha et al. (2008), Moon
et al. (2008), Ozgiiven et al. (2010), Leung et al. (2010),
Phanden et al. (2011), Li et al. (2012), Seker et al.
(2013), Zhang and Wong (2015), Petrovic et al. (2016),
and Zhang et al. (2016).

As in IPPS there are hundreds of works on SWDDA.
As it is mentioned earlier before going into detail of
SWDDA it is better to see Gordon et al. (2002) as a state
of the art survey on scheduling with common due date
assignment.

Classically tardiness is tried to be penalized but
according to JIT (Just in Time) philosophy we should
penalize both earliness and tardiness. Since nobody
prefer long due dates in this study all of weighted
earliness, tardiness and due date related costs are tried to
be minimized.

Due dates can be determined internally or externally.
At the latter case we try to catch best performance
according to externally dictated due dates. But at the
former case we try to assign best due dates for the jobs
that serve most to the benefit of the firm. For this reason,
SWDDA problem gained importance as research topic
and many works are conducted on this problem. If we
look at the earlier works on SWDDA problem we can
see the following works; Luss and Rosenwein (1993),
Yang et al. (1994), Lawrence (1994), Cai et al. (1997),
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Kovalyov (1997), Gordon and Kubiak (1998), Cheng
and Kovalyov (1999), Gordon and Strusevich (1999).

Some of the recent works on SWDDA can be given
as follows; Biskup and Jahnke (2001), Mosheiov (2001),
Gordon et al. (2002), Birman and Mosheiov (2004),
Lauff and Werner (2004), Baykasoglu et al. (2008),
Gordon and Strusevich (2009), Allaoua and Osmane
(2010), Tuong and Soukhal (2010), Li et al.
(2011),Vinod and Sridharan (2011), Shabtay (2016),
and Koulamas (2017).

We can assign common and separate due dates for
every job. If we solve job shop scheduling problem, we
may assign separate due dates but in case of assembly
and simultaneous delivery cases we may assign common
due dates for the jobs to be scheduled. Many works in
the literature are on scheduling with common due date
assignment (SWCDDA) such as Chen et al. (1997),
Kovalyov (1997), Biskup and Jahnke (2001), Mosheiov
(2001), Gordon et al. (2002), Gordon and Strusevich
(2009), Allaoua and Osmane (2010), Tuong and
Soukhal (2010), and Li et al. (2011).

Unlike SWCDDA some works are on SWSDDA
(Scheduling with separate due date assignment) such as
Gordon and Kubiak (1998), Cheng and Kovalyov
(1999), Gordon and Strusevich (1999), Baykasoglu et al.
(2008), Gordon and Strusevich (2009), Li et al. (2011),
Vinod and Sridharan (2011). In this study every job gets
its own due date.

Some of these studies have single, some double, and
some have multiple machines. As an example to
SMSWDDA (Single machine scheduling with due date
assignment) following works can be given: Cai et al.
(1997), Kovalyov (1997), Gordon and Strusevich
(1999), Gordon et al. (2002), Gordon and Strusevich
(2009), Allaoua and Osmane (2010), Tuong and
Soukhal (2010), Li et al. (2011).

Birman and Mosheiov (2004) studied two machine
flow shop scheduling with due date determination
(TMFSWDDA).

Following works are on PMSWDDA (Parallel
machine scheduling with due date assignment); Cheng
and Kovalyov (1999), Gordon et al. (2002), and Tuong
and Soukhal (2010).

Following works are on MMSWDDA (Multi
machine scheduling with due date assignment); Luss
and Rosenwein (1993), Lawrence (1994), and Lauff and
Werner (2004).

Some works are on JSSWDDA (Job shop scheduling
with due date assignment) such as Yang et al. (1994),
Baykasoglu et al. (2008), and Vinod and Sridharan
(2011). In this study jobs are tried to be assigned

Table 1. Shop floors

separate due dates and every shop floor tested as a case
of job shop with different sizes.

One of the current study areas is the dynamic
scheduling problem. There are a limited number of
studies in the literature on the dynamic integrated
process planning, scheduling, and due date assignment
(DIPPSDDA). Demir and Erden (2020) tried to optimize
the dynamic environment with ant colony algorithm in
their work. DIPPSDDA, which was previously
improved with the genetic algorithm and some meta-
heuristic algorithms (Erden et al., 2019), was a new field
of study.

3. Problem definition

As we mentioned earlier IPPS and SWDDA
problems are studied extensively. In this research we
studied IPPSDDA problem. We have three functions to
be integrated which are process planning, scheduling,
and due date assignment. Step by step we integrated
these functions with each other and tried to see benefit
of integration level. Problem is represented as
chromosomes which have (n+2) genes where n is the
number of jobs. First two genes are used to represent due
date assignment and dispatching rule genes. There are
two different due date assignments and four different
dispatching rules. Mainly, we used WSLK weighted due
date assignment rule and RDM (Random) due date
assignment rule. At dispatching gene, we used WMS
and SIRO (Service in Random Order) rules, so we have
two dispatching rules to choose from.

We studied eight different shop floors with varying
size. There are five different routes to choose from for
each job in smaller shop floors. At the smallest shop
floor, we have 5 machines, 25 jobs and 5 routes. There
are 10 operations in each route. Processing time of each
operation practically changes in between 1 and 30
minutes according to formula | (12 + z = 6)] where z is
the standard normal numbers in which ¢ = 6 and u =
12.

At the largest shop floor, we have 40 machines, 200
jobs, 3 routes and there are 10 operations in each route.
Processing times are same as in other shop floors. We
took 3 alternative routes in larger shop floors to find a
solution in a reasonable amount of time. Characteristics
of each shop floors are listed at Table 1.

Shop Floor 1 2 3 4 5 6 7 8

# of machines 5 10 15 20 25 30 35 40
# of Jobs 25 50 75 100 125 150 175 200
# of Routes 5 5 5 5 3 3 3 3
Processing Times [(12+z*6)]

# of op. per job 10
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We started from unintegrated version of the problem
where process plan selection is made independently, due
dates are determined randomly (externally) and jobs are
dispatched randomly. Later WMS rule is integrated with
process plan selection, but due dates are still determined
randomly. After that we integrated WSLK due date
assignment with process plan selection, but jobs are
scheduled according to SIRO rule.

At the end we integrated all of the three functions.
Process plan selection is performed with WMS
dispatching and WSLK due date assignment. We found
this case as the best. General flow diagram is given in
Figure 1.

We assumed a working day as one shift which is 8
hours or 480 minutes. As a performance measure we
tried to minimize weighted tardiness, earliness and due
date related costs. We penalized these terms
proportional with the weights of the customers and
proportional to the tardiness, earliness and due dates

multiplied with different constants. For tardiness and
earliness, we also used fixed cost if there is tardiness or
earliness. Penalty function for each term is given below
where PD is penalty for due-date (Equation 1), PE is
penalty for earliness (Equation 2), PT is penalty for
tardiness (Equation 3), Penalty of a job is Penalty(j)
(Equation 4) and Total penalty (Equation 5).
PD=weightj*8+(DueDate/480) (D)

PE= weight (j)* (5+ 4x(E/480)) 2
PT=weight (j)*(10 + 12%(T/480)) ©)]
Pen(j)= PD + PE + PT 4)

Total Penalty = jPen(j) 5)

h 4

Evaluate fitness
(Determine sorted initial main
population)

Y

i
Select meta-heuristics to be I

used
LN

h 4

Determine new main

Generate input data, initialize
parameters

Find performance values of
population new populations and solutions

i
Apply mutatiton operator to

determine new solutions
L

eck stopping criteria?

Yes

umber of iter.<Total iter,

No

¥

[ Print best results obtained

Figure 1. General flow diagram

4. Solution techniques

We used initially randomly produced chromosome
as the ordinary solution and compared this result with
the results of evolutionary strategies, semi-tabu search,
hybrid searches and random search results.

Scheduling problem alone belongs to NP-Hard
problem and integrated problem is even harder to solve
that is why some good heuristics are required to solve
this problem in a reasonable amount of time. We applied
pure, hybrid and random searches because of the
characteristics of the problem. Each solution type is
explained below.

Ordinary Solution (OS): OS is the initially
randomly produced chromosome which represent any
random chromosome possible at the beginning and as
expected it is the poorest solution compared to the pure,
hybrid and random search metaheuristics.

Random Search (RS): Here only RS is applied, and
always brand-new solutions are produced randomly. To

be fair with other search techniques same number of
chromosomes are produced in each iteration as in other
pure and hybrid metaheuristics. We applied 200, 150,
100 and 50 random iterations for eight shop floors in
doubles, respectively. At each iteration we produced 10
new random chromosomes. Later we took best 10
chromosomes from previous main population and newly
produced 10 chromosomes. Random search is found
very useful compared to ordinary solutions and marginal
improvements are very high at the very beginning of the
search, but marginal improvement reduces sharply as
iteration goes on. That is why random search is poor
compared to the other metaheuristics. Hybrid searches
are powerful with the combination of high marginal
improvement of RS at the beginning and good search
characteristics of the directed searches later on.
Evolutionary Strategies (ES): During 1960s
Rechenberg (1965), and Schwefel (1981) two students
of Technical University of Berlin, Germany, developed
ES to solve optimization problem. Main difference
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between ES and Genetic Algorithm (GA) is the
operators used. While ES uses only mutation operator,
GA uses both mutation and crossover operators. We

Generate and sort initial
solution

I

Is stopping criteria met?

Yes

produce ten new chromosomes by applying mutation
operator in each iteration. ES flow diagram is given in
Figure 2.

Generate new individuals using
mutation operation

I

Determine new main population using
best n individuals from previous
population and mutation population

Mo

Figure 2. Evolutionary strategies flow diagram

Semi-Tabu Search (ST): For a shop floor which
consists of 200 jobs, there are 202 genes and totally
4x2x3200 = 2.1249119e+96 combinations are possible.
If we list every gene in tabu list, then problem becomes
too complex to consider. Instead, we list only dominant
genes in tabu list and apply mutation operator for
remaining genes as given in Figure 3. Unlike ES we
work on a single chromosome in every iteration, so we
applied 10 times more iterations in this metaheuristic to

be fair in comparison with ES.

Generate initial solution
Sn . n=1, Sop=5n

)

Update semi-tabu list
(Initially an empty list)
m=0

)

Generate new

mutation operator

@
No
in tabu list?

&

Figure 3. Semi-tabu search flow diagram

solution (Scandidate) USING  —

es

Terms used in Figure 3 is defined as follows:
Sn : n™ iteration solution

Scandidate - candidate solution

Sopt : Optimum solution

N : total iteration number (stopping criterion)
n : current iteration number

m : current trial number in tabu list

M : Number of allowed trials in tabu list

Hybrid Evolutionary Strategies (RS/ES): Thisisa
hybrid metaheuristic and initially at the first 5% of the
iterations RS is applied and ES is applied to remaining
95% of the iterations. If a random number is generated
between 0 and 1000 then expected value of the
minimum is 500. If we generate two random numbers
and take the minimum, then we get expected value of
330. If we generate three random numbers and take the
minimum of these the expected value, we get is 250.
Now if we look at marginal improvements, we get 500,
170 and 80, respectively. So, it is obvious that initial
random iterations are very useful but marginal
improvements reduces sharply. So here we started with
RS and later we continued with ES. Since marginal
benefits reduce sharply RS rate should be low and we
applied 5% RS iterations.

Hybrid Semi-Tabu Search (RS/ST): Here again
initially 5% RS is applied and later 95% ST search is
applied. We used dominant genes in ES, ST, RS/ES and
RS/ST while applying mutation operator. First two
genes are dominant and that is why they had more
probability to be selected for mutation. Using dominant
genes improved efficiency of solution technique. While
running program we recorded CPU times required.
These times are listed at the Table 4 given at section 6.

As mentioned earlier, problem is represented as a
chromosome with n+2 genes where n is the number of
jobs. First two genes are used to represent due date
assignment and dispatching rules, respectively.
Remaining genes represent active selected route of each
job. A sample chromosome is given at Figure 4.
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Figure 4. Sample chromosome

5. Experimentation

Mainly two types of due date assignment rules are
used. With different constants first gene takes one of
four different values. Mainly WSLK and RDM due date
assignment rules are used. At the first rule, which is
WSLK, some constant added to total processing time of
each job according to weight of that job. At the RDM
due date assignment, due dates are determined randomly
as explained at Appendix 1. Rules are listed at Table 2.
At the second gene we used two dispatching rules which
are WMS and SIRO. These rules are listed at Table 3
and explained at Appendix.

Table 2. Due-date assignment rules

Method Constant gx Rule no
WSLK Ox = J1,02,03 1,23
RDM 4

Table 3. Dispatching rules

Method Rule No
WMS 1
SIRO 2

We used a desktop computer with 3.1 GHz Intel i5-
2400 processor and 4 GB ram with 64-bit Windows 10
operating system to run the program. We used Borland
C++ 5.02 compiler. CPU Times are listed at Table 4.
Screenshot of the program is given in Figure 5 and
Figure 6.
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Figure 5. Screenshot of the program start

We tested eight shop floors and certain number of
iterations are applied for each shop floor. To be fair,
same number of iterations are applied for both
evolutionary search and random search. Since at the ES
and RS, we produce 10 chromosomes and in ST we
produce only one new chromosome thus we executed 10
times more iterations compared to the ES and RS. 200
iterations are applied for the smallest shop floors which

are SF1 (Shop Floor 1) and SF2. For SF3 and SF4 we
applied 150 iterations. For SF5 and SF6 we used 100
iterations and finally for the largest two shop floors
which are SF7 and SF8 we applied 50 iterations.

Iteration 200

PERF DD DR JO---->Rest of the jobs
Row © : 265.10 3 6 ©0131033401001340213444323
Row 1 : 266.53 3 6 ©111004104001311223014223
Row 2 : 266.54 3 6 ©131033001041310213444323
Row 3 : 266.57 3 6 2111024104021204003014143
Row 4 : 266.99 3 6 ©131033401001140213344343
Row 5: 267.36 3 6 2120024100031320203014242
Row 6 : 267.63 3 6 2110024104001000213214242
Row 7 : 267.68 3 6 2111024104021200203014243
Row 8 : 267.74 3 6 2120024104031200203014242
Row 9 : 267.84 3 6 2113024100031230213014242

Best: 265.10 Average: 267.00 Worst: 267.84
200 iterations are applied before stopping.

Results obtained in last iteration

Best performance : 265.10
Best due-date assignment rule : 3
Best dispatching rule HE3)

Best route for job @
Best route for job 1
Best route for job 2
Best route for job 3
Best route for job 4
Best route for job 5
Best route for job 6
Best route for job 7
Best route for job 8
Best route for job 9
Best route for job 10
Best route for job 11
Best route for job 12
Best route for job 13
Best route for job 14
Best route for job 15
Best route for job 16
Best route for job 17
Best route for job 18
Best route for job 19
Best route for job 20
Best route for job 21
Best route for job 22
Best route for job 23
Best route for job 24

WNWARAWRNORWROOROAWWORWR®

Cpu time : 18.88 sec
Program execution time : 19 sec

Figure 6. Screenshot of the program results

If we look at the approximate CPU times for every
shop floor from the tables mentioned above; for the
small shop floor, it took approximately between 16 and
88 seconds CPU time. For the small-medium shop floor,
it took approximately between 173 and 322 seconds. For
the medium-large shop floor, it took approximately
between 257 and 376 seconds and for the largest shop
floor, it took between 250 and 346 seconds. CPU time
of the largest shop floor is lower than the medium-large
shop floor due to its iteration number.

SIRO-RDM (0S, RS, ES, ST, RS/ES, RS/ST),
WMS-RDM (OS, RS, ES, ST, RS/ES, RS/ST), SIRO-
WSLK (OS, RS, ES, ST, RS/ES, RS/ST), and WMS-
WSLK (OS, RS, ES, ST, RS/ES, RS/ST) are the twenty-
four solutions, we compared in this study. Initially, we
tested SIRO-RDM combinations. Here three functions
are unintegrated. Later we tested WMS-RDM
combinations in which WMS scheduling is integrated
with process plan selection and due-dates are
determined randomly. After that, we tested SIRO-
WSLK combinations. Now WSLK due-date assignment
is integrated with process planning but now jobs are
scheduled in random order. Later we tested all
combinations at the fully integrated level which are
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WMS-WSLK combinations. According to results, full
integration with RS/ES found as the best solution.
Searches are found always better compared to ordinary
solutions and RS. Obtained results are explained in the
conclusion section.

We tested eight shop floors for twenty-four different
solutions. Shop floor characteristics and twenty-four
types of solutions are explained in the previous sections
of the study. At every shop floor, operation times are
determined randomly according to the formula [(12 +
z * 6)] where z is the standard normal numbers.

In first small shop floor (SF-1) there are 25 jobs and
5 machines. For this shop floor, we applied 200
iterations for ES and RS, 2000 iterations for ST which
took 16 seconds on average. Smallest shop floor results
are given in Hata! Bagvuru kaynag bulunamadi..

In second small shop floor (SF-2) there are 50 jobs
and 10 machines. For this shop floor, we applied 200
iterations for ES and RS, 2000 iterations for ST which
took 88 seconds on average. Second smallest shop floor
results are given in Hata! Bagvuru Kkaynagi
bulunamadi..

In first small-medium shop floor (SF-3) there are 75
jobs 15 machines. For this shop floor, we applied 150
iterations for ES and RS, 1500 iterations for ST which
took 173 seconds on average. First small-medium shop
floor results are given in Hata! Basvuru kaynagi
bulunamadi..

In second small-medium shop floor (SF-4) there are
100 jobs 20 machines. For this shop floor, we applied
150 iterations for ES and RS, 1500 iterations for ST
which took 321 seconds on average. Second small-
medium shop floor results are given in Hata! Basvuru
kaynagi1 bulunamadi..

In first medium-large shop floor (SF-5) there are 125
jobs 25 machines. For this shop floor, we applied 100
iterations for ES and RS, 1000 iterations for ST which
took 256 seconds on average. First medium-large shop
floor results are given in Figure 11.

In second medium-large shop floor (SF-6) there are
150 jobs 30 machines. For this shop floor, we applied
100 iterations for ES and RS, 1000 iterations for ST
which took 376 seconds on average. Second medium-
large shop floor results are given in Figure 12.

In first largest shop floor (SF-7) we have 175 jobs to
be scheduled and 35 machines on this shop floor. We
applied 50 iterations for ES and RS, 500 iterations for
ST which took 250 seconds on average. First largest
shop floor results are given in Figure 13.

For the largest shop floor (SF-8) we have 200 jobs to
be scheduled and 40 machines on this shop floor. We
applied 50 iterations for ES and RS, 500 iterations for
ST which took 346 seconds on average. Second largest
shop floor results are given in Figure 14.

According to results, we found similar conclusions.
Higher integration gave better results and full
integration was the best. Searches are found superior to
ordinary and RS solutions. Full integration with RS/ES
gave the best results. Comparisons of twenty-four

solution combinations for all the shop floors are given in
Table 4. Best solution found in a level is indicated with
bold text, for each shop floor. Best of all levels (24
solutions) are indicated with green bold text, for each
shop floor.

e OS e RS ES e ST RS/ES RS/ST

194 //

189

184 //‘ \

179
BEST AVG. WORST

Figure 7. Results of Shop Floor 1 (25x5x5)
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Figure 8. Results of Shop Floor 2 (50x10x5)
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Figure 9. Results of Shop Floor 3 (75x15x5)
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Figure 10. Results of Shop Floor 4 (100x20x5)
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Table 4 Comparison of twenty-four solution combinations for all of the shop floors

Level Approach Shop Floor 1 Shop Floor 2 Shop Floor 3 Shop Floor 4
Best Avg. Worst CPU Best Avg. Worst CPU Best Avg. Worst CPU Best Avg. Worst CPU
0Ss 319 319 319 - 0s 646 646 646 - 0s 983 983 983 - 0os 1309 1309 1309 -
RS 265 272 276 17 RS 586 598 606 88 RS 853 895 908 179 RS 1269 1278 1285 331
SIRO-RDM ES 246 252 254 15 ES 546 552 556 84 ES 833 842 846 176 ES 1197 1204 1210 311
ST 252 255 256 14 ST 554 562 565 79 ST 829 841 848 162 ST 1234 1246 1254 299
RS/ES 240 248 251 15 RS/ES 545 548 551 84 RS/ES 831 836 842 174 RS/ES 1207 1216 1222 312
RS/ST 267 268 270 15 RS/ST 557 570 574 82 RS/ST 847 862 868 167 RS/ST 1219 1230 1238 297
oS 270 270 270 - oS 564 564 564 - oS 817 817 817 - [oF] 1184 1184 1184 -
RS 230 236 239 15 RS 520 528 532 88 RS 770 782 787 182 RS 1121 1139 1150 333
WMS-RDM ES 201 205 208 14 ES 459 465 469 83 ES 700 706 713 172 ES 1058 1069 1075 306
ST 208 213 216 13 ST 494 501 505 79 ST 738 745 748 162 ST 1092 1099 1104 286
RS/ES 195 201 203 16 RS/IES 467 475 481 82 RS/IES 729 734 735 171 RS/ES 1061 1068 1073 306
RS/ST 196 205 210 13 RS/ST 485 489 493 80 RS/ST 731 739 744 163 RS/ST 1088 1096 1101 294
oS 314 314 314 - 0os 666 666 666 - 0s 997 997 997 - (o] 1372 1372 1372 -
RS 263 272 279 16 RS 571 588 596 94 RS 861 883 893 176 RS 1204 1222 1232 343
SIRO-WSLK ES 248 255 257 16 ES 530 548 551 95 ES 812 824 831 170 ES 1130 1153 1160 331
ST 248 257 263 15 ST 544 557 563 87 ST 854 861 867 161 ST 1186 1200 1206 313
RS/ES 249 256 259 16 RS/ES 529 538 545 86 RS/ES 804 817 824 174 RS/ES 1138 1167 1178 333
RS/ST 261 265 268 15 RS/ST 541 549 553 86 RS/ST 833 847 850 162 RS/ST 1187 1195 1199 318
0Ss 270 270 270 - (o] 533 533 533 - 0s 783 783 783 - 0sS 1142 1142 1142 -
RS 191 195 197 17 RS 393 399 403 97 RS 593 600 606 191 RS 912 930 938 368
WMS-WSLK ES 180 181 182 17 ES 372 374 375 99 ES 566 568 570 185 ES 847 851 852 347
ST 182 183 184 17 ST 381 382 384 94 ST 576 579 581 176 ST 862 873 879 333
RS/ES 180 181 182 17 RS/IES 371 372 374 98 RS/ES 564 566 568 185 RS/ES 844 848 850 345
RS/ST 181 182 183 17 RS/ST 378 380 381 90 RS/ST 577 580 582 177 RS/ST 859 868 872 332
Shop Floor 5 Shop Floor 6 Shop Floor 7 Shop Floor 8
Best Avg. Worst CPU Best Avg. Worst CPU Best Avg. Worst CPU Best Avg. Worst CPU
0s 1831 1831 1831 - 0s 2110 2110 2110 - 0os 2154 2154 2154 - oS 2783 2783 2783 -
RS 1590 1632 1644 260 RS 1914 1930 1944 403 RS 2108 2154 2171 256 RS 2659 2707 2719 357
SIRO-RDM ES 1556 1569 1577 251 ES 1840 1858 1867 386 ES 2067 2092 2101 248 ES 2585 2600 2606 341
ST 1594 1608 1616 230 ST 1863 1875 1883 335 ST 2091 2103 2114 220 ST 2640 2654 2661 308
RS/ES 1538 1558 1566 249 RS/ES 1860 1877 1884 391 RS/ES 2060 2085 2092 249 RS/ES 2624 2628 2635 344
RS/ST 1555 1574 1581 226 RS/ST 1863 1881 1887 338 RS/ST 2112 2121 2128 223 RS/ST 2594 2613 2626 304
0s 1558 1558 1558 - 0s 1836 1836 1836 - 0s 1947 1947 1947 - 0os 2470 2470 2470 -
RS 1402 1429 1441 268 RS 1708 1716 1723 393 RS 1915 1926 1938 262 RS 2412 2423 2431 368
WMS-RDM ES 1372 1377 1381 249 ES 1633 1636 1639 365 ES 1886 1896 1902 256 ES 2335 2346 2351 348
ST 1374 1380 1386 233 ST 1662 1669 1675 342 ST 1858 1885 1892 224 ST 2344 2356 2362 315
RS/ES 1371 1376 1378 254 RS/ES 1647 1652 1656 369 RS/ES 1867 1872 1877 249 RS/ES 2332 2343 2349 348
RS/ST 1366 1375 1379 231 RS/ST 1653 1663 1668 338 RS/ST 1900 1904 1907 227 RS/ST 2354 2362 2371 316
0s 1921 1921 1921 - 0s 2196 2196 2196 - 0s 2252 2252 2252 - 0os 2840 2840 2840 -
RS 1577 1603 1615 270 RS 1843 1851 1857 398 RS 2025 2066 2080 264 RS 2560 2589 2607 369
SIRO-WSLK ES 1531 1544 1552 264 ES 1797 1809 1814 390 ES 1984 1999 2011 260 ES 2441 2461 2473 353
ST 1546 1566 1576 241 ST 1829 1849 1860 350 ST 2031 2045 2059 231 ST 2481 2499 2512 318
RS/ES 1531 1540 1547 265 RS/ES 1792 1803 1812 387 RS/ES 1988 2007 2015 261 RS/IES 2477 2486 2491 358
RS/ST 1556 1578 1588 239 RS/ST 1845 1854 1860 346 RS/ST 1982 2009 2026 231 RS/ST 2473 2519 2538 322
0s 1538 1538 1538 - 0s 1801 1801 1801 - 0s 1791 1791 1791 - 0os 2348 2348 2348 -
RS 1036 1083 1107 301 RS 1329 1359 1370 422 RS 1486 1497 1503 284 RS 1862 1911 1928 395
WMS-WSLK ES 994 1001 1004 279 ES 1282 1286 1288 407 ES 1457 1462 1465 279 ES 1801 1812 1818 384
ST 999 1017 1025 269 ST 1209 1216 1221 375 ST 1458 1467 1472 251 ST 1819 1835 1844 346
RS/ES 990 998 1002 280 RS/ES 1274 1279 1282 406 RS/ES 1457 1462 1464 278 RS/ES 1786 1800 1807 381
RS/ST 1006 1014 1021 269 RS/ST 1206 1215 1221 375 RS/ST 1460 1468 1473 251 RS/ST 1802 1823 1835 344
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Figure 11. Results of Shop Floor 5 (125x25x3)
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Figure 12. Results of Shop Floor 6 (150x30x3)
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Figure 13. Results of Shop Floor 7 (175x35x3)
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Figure 14. Results of Shop Floor 8 (200x40x3)

For each SIRO-RDM combination, a single
experiment was performed, and RS/ES 4 (50%), ES 3
(37.5%), and ST 1 (12.5%) times gave the best results.
For each WMS-RDM combination, a single experiment
was performed and ES 4 (50%), RS/ES 2 (25%), RS/ST

1 (12.5%), and ST 1 (12.5%) times gave the best results.
For each SIRO-WSLK combination, a single
experiment was performed, and ES 4 (50%), RS/ES 3
(37.5%), and RS/ST 1 (12.5%) times gave the best
results. For the WMS-WSLK combination, 5
experiments were conducted on each shop floor and
totally 40 experiments were performed on 8 shop floors.
RS/ES 19 (47.5%), ES 11 (27.5%), RS/ST 6 (15%), and
ST 4 (10%) times gave the best results in these
experiments.

When the best value of all combinations was
considered, RS/ES 28 (43.75%), ES 22 (34.38%),
RS/ST 8 (12.5%), and ST 6 (9.38%) times gave the best
results in a total of 64 experiments. When the average
value of all combinations was considered, RS/ES 34
(53.13%), ES 20 (31.25%), RS/ST 7 (10.94%), and ST
3 (4.69%) times gave the best results in a total of 64
experiments.

7. Conclusion

Production process takes place upon three functions,
which are production planning, scheduling, and due-
date assignment. Conventionally these three functions
are executed separately in practice. On the other hand,
these functions affect each other significantly as they are
tightly connected with each other. These functions
should be considered simultaneously to prepare more
accurate production plans, schedules, and due-date
assignments.

To be more realistic on due-date assignments
weights are given to customers related to their relative
importance for a company, and a penalty function is
applied to optimize due-dates, in this study. As there will
be times that all customers could not be satisfied at the
same time. There will be a decision to be made in which
customers will be delivered early, and which will be
delivered late. Not only being late in production is a
problem but also being early. As there will be stock
holding costs etc.

Integration of three functions (IPPSDDA problem),
which are mentioned above, are discussed in this study.
Weighted scheduling and weighted due-date assignment
are integrated with process plan selection. WMS is used
as a dispatching rule and WSLK used as a due-date
assignment rule. Studies made over IPPS, SWDDA, and
IPPSDDA are surveyed and briefly given to
comprehend the problem scope.

To present this idea and to explain the point of view
clearly a problem set is generated. Shop floors with
distinct characteristics in terms of machines, jobs,
routes, and processing times are generated in order to
evaluate the effectiveness and efficiency of the
integration and the algorithms.

Evolutionary Strategies, Semi-Tabu Search and their
hybrids with Random Search are used and compared
with Random search, ordinary solution, and each other
for all integration levels. Algorithms are provided with
flow diagrams to better understand them.
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Starting with unintegrated problem (SIRO-RDM)
integration level is increased step by step to the fully
integrated problem (WMS-WSLK) and the solution
performance is observed with the above-mentioned
algorithms. The best performance is obtained in the fully
integrated level in most of the shop floors with RS/ES
algorithm. In some of them, ES performs better than its
hybrid.
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Appendix. Due-date assignment rules
Due date = TPT +q, X k

where
dx = 41,92 07 q3
q, = 0.5 % Pavg:
q; = Pavg!
q; = 1.5 % Pavg

k is inversely determined according to the customer
weights.

RDM (Random due assignment)
Due = N~ (3 X Py, (Pavg )*)

TPT: total processing time

Pyyg: Mean processing time of all job waiting
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Classifier Selection in Resource Limited Hardware: Decision

Analysis and Resolution Approach
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Abstract

Digitalization, Industry 4.0 and Internet of things (loT) have become more popular in the recent years. Most of these systems depend
on micro-controllers and sensors. These micro-controllers and sensors are mostly cheap, low RAM and low CPU systems; thus, they
are resource constrained environments. In this study, a supervised learning classifier comparison technique suitable for resource
constrained environments is proposed. This technique, Decision Analysis and Resolution (DAR), is originated in the domain of
Software Engineering. First, DAR is explained using an example of car buying scenario. Then 11 off-the-shelf classifiers are compared
using DAR for low RAM and less powerful CPU environments in an intrusion detection scenario. This scenario simulated on well-
known KDD99 intrusion detection dataset. All the experiments are realized using python scikit-learn package. According to the
experiments, Decision Tree classifier is the most suitable to implement for resource constrained environments with a small lead. Results
for the other three classifiers (Bagging, Multi Layer Perceptron, Random Forest) are also very similar. To aid the reproducibility of the
experiments, the whole source code of the study is provided in the popular open source repository https://github.com/ati-
ozgur/classifier-comparison-using-DAR.

Keywords: Classifier selection, Decision analysis and resolution, Machine learning, Performance metrics, Resource limited
environment

Kisith Kaynaklhh Donanimlarda Simiflandirict Secimi: Karar Analizi ve Coziim
Yaklasimi

Oz

Dijitallesme, Endiistri 4.0 ve Nesnelerin Interneti (IoT) son yillarda daha popiiler hale gelmistir. Bu sistemlerin ¢ogu mikro
denetleyicilere ve sensorlere baglidir. Bu mikro denetleyiciler ve sensorler cogunlukla ucuz, diisiik RAM ve diisiik CPU sistemleridir;
bu nedenle, kaynak kisith ortamlardir. Bu ¢alismada, kaynak kisitli ortamlara uygun, denetimli bir 6grenme siniflandirict karsilastirma
teknigi onerilmistir. Bu teknik, Karar Analizi ve Coziimii (DAR), Yazilim Miihendisligi alaninda ortaya ¢ikmistir. Ilk olarak DAR,
ornek bir araba satin alma senaryosu ile agiklanmustir. Ardindan, 11 hazir smiflandirici, bir saldirt tespit senaryosunda diisik RAM ve
disiik CPU ortamlari i¢in DAR kullamilarak karsilastirilmistir. Bu senaryo, iyi bilinen KDD99 saldir1 tespit veri setinde
gerceklestirilmistir. Tim deneyler python scikit-learn paketi kullanilarak gergeklestirilmistir. Deneylere gore, Karar Agaci
siniflandiricisy, diger siniflandiricilara gére kiiciik bir fark ile kaynak kisitl ortamlara uygulanmak i¢in en uygun siniflandiricidir. Diger
ti¢ siniflandirict (Boosting, Cok Katmanli Algilayici, Rastgele Orman) sonuglart da ¢ok benzerdir. Deneylerin tekrarlanabilirligine
yardimci olmak igin, tiim kaynak kod popiiler agik kaynak kod deposu https://github.com/ati-ozgur/classifier-comparison-using-
DAR'da verilmistir.

Anahtar Kelimeler: Kaynak kisitli ortam siniflandirici segimi, Karar analizi ve ¢6ziimii, Makine 6grenmesi, Performans metrikleri
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1. Introduction

Industry 4.0 is first termed by Germany Government
to increase digitalization and automation in
manufacturing sector (Lasi et al. 2014, Uygun & llie
2018). Internet of things (loT), sensors and mobile
systems are very important topics in Industry 4.0 and
digitalization (lleri & Furat 2020). These systems are
depended on computers. Even though some computers
they work on are powerful, most of the computers they
work on are resource constrained environments such as
micro-controllers and sensors (Karahan & Hokelek
2020). This can be seen from increasing market size of
micro controllers (Research 2019), which was 18.6
billion USD in 2018. Most of the market still belongs to
8- and 16-bit micro-controllers (Research 2019). Most
prevalent reasons for this phenomenon are cost and size.
Resource-limited hardware products, for example 8-16-
bit micro-controllers, are cheaper and smaller.
Algorithms and systems that work on in these resource
constrained environments are becoming more valuable.

Supervised learning also known as classification is a
widely used technique for variety of problems, such as
face recognition (Yavuz et al. 2016), bioinformatics
(Yilmaz 2020), medical (Saleh & Hussein 2019), and
intrusion detection (Ozgiir & Erdem 2012). Widely
different classification algorithms are proposed in the
literature (Tasc1 2019, Ozgiir et al. 2018, Ozgiir &
Erdem 2018). Proposed algorithms mostly assume that
necessary computing capabilities exist for algorithms to
work and rarely address low computing requirements.
But computing capabilities of micro-controllers are
lower than general-purpose computers. Even though
some algorithms are suitable for working with limited
resources, how to choose among such algorithms in a
limited hardware situation is rarely addressed.

In contrast, choosing between alternative solutions is
a widely researched topic in other domains. For
example, Basheleishvili et al. (Basheleishvili et al.
2019) proposed fuzzy-logic based model for selection of
university staff. Similarly, Cinar and Uygun (Cinar &
Ozer Uygun 2019) proposed another fuzzy based model
for supplier selection. On the other hand, Faydali and
Erkan (Faydali & Erkan 2020) proposed VIKOR model
for selection of factory machines.

This article proposes a decision theoretic approach
for a practitioner to make an informed decision between
classification algorithms in resource-limited hardware,
such as a micro-controller with low RAM and low CPU
power. This approach, called Decision Analysis and
Resolution (DAR) (Team 2006), is originated in the
domain of software engineering.

Remainder of the paper is as follows. Section 2
introduces different classifier comparison metrics and
explains why using only accuracy is not a good choice.
Section 3 gives basic introduction to DAR with car
example. Section 4 introduces a classification example
using a micro-controller in the intrusion detection

domain with a well-known dataset. Finally, section 6
concludes the paper.

2. Classifier Comparison Metrics

Most of the time, classifier evaluation is made with
single metric: accuracy. For example, Ozgiir and Erdem
reviewed 149 articles in intrusion detection domain that
was published in SCl-index journals (Ozgiir & Erdem
2016). Among these reviewed articles, accuracy was
used by 130 articles, making the accuracy metric the
most used metric. On the other hand, second most used
metric, False positive (False alarm) was used only 70
times. But using only accuracy to compare classifiers is
simplistic at best and may be plain wrong in some cases.

Netflix (Amatriain & Basilico 2012) did not use their
competition winner algorithm that increased their
previous accuracy more than 10%. They had considered
engineering efforts vs improved accuracy and had
chosen another algorithm for their systems. Engineering
effort is one example about considering other metrics for
classifier evaluation among many others.

According to different domains and purposes,
different base metrics may be more important. For
example, according to Axelsson’s seminal paper
(Axelsson 1999), one of the most important
performance metric for an intrusion detection system is
false positive rate (false alarm rate). Axelsson proposed
that all alarms should be investigated, and this
investigation is a costly endeavor.

For screening diseases, ideally a classifier should be
highly sensitive (high true positive rate) and should miss
very few persons with the disease (Wilson & Jungner
1968). Missing a sick person will be more costly for the
society in most situations. If disease is a contagious one,
missing one could lead to more patients. If disease is
expensive to treat in further levels, such as cancer, it is
again helpful to detect it very early. For the wrong
results (false positive), more qualified doctors or more
expensive tests could check the results again; therefore,
false positive results will be corrected in the second
checks.

For low resource-environments, computer resource
related metrics are more important. In such
environments, resources like RAM and CPU may
become more important parameters than accuracy.
Therefore, low model size for low RAM and low
training/testing time for better usage of CPU becomes
important.

Table 1 shows other performance metrics that are
used in different situations. Using different performance
metrics may lead to choosing different classifiers.
Instead of trying to choose a classifier based on a single
metric, incorporating different criteria to decision
process would be more reliable. Here, we propose using
a decision technique from software engineering domain,
Decision Analysis and Resolution (Team 2006) for this
purpose.
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Table 1. Classifier Performance Metrics
Metric

Detection Rate
False Negative
False Positive
Training Memory
Training Time
Testing Time
F-1 Measure
Model Size in RAM
Model Size in Storage
Others

3. Decision Analysis and Resolution (DAR)

Decision Analysis and Resolution (DAR) technique
is originated in software engineering domain (Team
2006). It is a technique to make more informed
decisions, for example buying versus building a new
tool, subcontracting versus building a new software in
house. An example helps to understand this technique
better: we start with a common example of buying a car.
Suppose that a company needs to buy a car and wants to
make an informed decision. There are a lot of metrics
which can influence the decision. Some of them are
provided below.

Cost

Secondhand Worth
Fuel Consumption
Baggage Capacity

More metrics can be added to this list but to make
the example simpler, count of metrics is intentionally
restricted.

A decision between two brands (Brand F and Brand
H) should be made. Table 2 shows DAR comparison
between these two brands. A DAR process starts with
100 points and distribute these points to metrics, (weight
column). In Table 2, Initial Cost is given 40 points;
Secondhand Worth is given 20 points; Fuel Usage is
given 30 points; and Baggage Capacity is given 10
points for a total of 100 points.

Initial Cost, Secondhand Worth, Fuel Usage and
Baggage Capacity could not be compared because to the
different range of values of these variables. Initial Cost
and Secondhand Worth has values in dollars, while Fuel
Usage has liters/100 km and Baggage capacity is cm?.
To be able to use mathematical operations meaningfully
(multiplication and addition), we need to normalize
these values to same range. Min-max normalization,

Table 2. Decision Analysis and Resolution - Car Buying Scenario

Equation 1 and Equation 2 could be used for this
purpose. Equation 1 is used when higher values are
better, and Equation 2 is used when higher values are
worse. Since higher values for second hand worth and
baggage size are better, these features are normalized
using Equation 1. Similarly, since higher values for cost
and fuel consumption are worse, these features are
normalized using Equation 2.

x;—min(x)

Xnorm = o (o) @
x;—min(x)

Xnorm = 1= max(x)—-min(x) (2)
Summarized version of DAR car buying scenario can be
seen in Table 2. The Min-Max column values are found
using other brands. For example, 10 different cars from
similar segments are used to find minimum and
maximum values for these features. F and H columns are
real values for these cars, while normalized F and
normalized H values are min-max normalized (Equation
1 and Equation 2) values. Since we normalize values
using Equation 1 and Equation 2), total column shows
how good this car it is. Excel version of the Table 2 is
provided in the source code repository.

After calculation, Brand H is found to be a better
choice according to given weights, even though initial
cost of Brand H is higher. Here, Brand H having better
values in the metrics of fuel consumption and baggage
capacity are deciding factors for this decision, even
though its initial cost is more expensive. DAR is a
valuable technique to use when making a decision which
has more than two criteria.

3.1. How to decide weights

Decision weights change from user to user and domain
to domain. Those who can decide these weights called
differently according to domain, for example users,
evaluators, stakeholders (Shukla & Auriol 2013),
decision makers (Faydali & Erkan 2020) and experts
(Cmar & Ozer Uygun 2019). Thus, weights chosen by
these experts are often very subjective (Phillips & Polen
2002). Even though, weights chosen by single user is
subjective, a number methods to find common ground
between different users are proposed such as Rank
ordinal method (Danielson & Ekenberg 2017) and
Utility Rank Order Weighting (UROW) (Shukla &
Auriol 2013).

Weights Min Max Brand Brand Normalized Normalized Weight*Normalized Weight*Normalized
F H F H F H
Initial Cost 60 75000 100000 80000 95000 0,6 0,2 24 8
2nd-Hand Worth 20 20000 40000 30000 37000 0,75 0,85 15 17
Fuel Usage 30 4 6 5 44 0,5 08 15 24
Baggage Capacity 10 350 500 400 500 0,34 1 3,34 10
Total 57,34 59
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4. Decision Analysis and Resolution (DAR):
Intrusion Detection Domain

Intrusion detection is a widely researched subject in
literature (Ozgiir & Erdem 2012, Ozgiir et al. 2018,
Ozgiir & Erdem 2018, Sahingoz 2019). In our example
problem, an intrusion detection classifier should be
decided for a resource constrained environment, such as
a micro-controller with a low RAM and less powerful
CPU environment. An example for this situation is given
by Karahan & Kaya 2020. Different metrics can be used
for this purpose, see Table 1.

KDD99 is the most used data set in the intrusion
detection domain, see (Ozgir & Erdem 2016).
According to Ozgiir and Erdem (Ozgiir & Erdem 2016),
KDD99 dataset is used by 149 articles indexed in SCI-
index between 2010-2015. KDD99 has 41 features to 23
classes. KDD99 is a suite of different datasets, one of
these datasets is 10% of KDD99. KDD99 10% is widely
used since training and testing time issues with full
dataset. In our experiments, KDD99 10% (494021
instances) have been used due to training and testing
time problems with full dataset. Table 3 shows the 10
fold cross validation results for different classifier
comparison metrics using KDD99 10% dataset. As can
be seen from Table 3, making a comparison between
different classifiers using all these metrics is not easy.

Table 3. All Metrics for KDD99 dataset

Classifier Mean Mean Mean Mean Mean Mean Mean

name training testing accuracy precision recall F1 model size

time (sc) time(sc) score score score score (K bytes)

AdaBoost 52.4111 1.8633 0.7866  0.7866  0.7866 0.7866 63810
Bagging  15.0923 0.2439 0.9997  0.9997  0.9997 0.9997 1027874

Decision  2.3330 00084 09995 09995  0.9995 0.9995 126409
Tree
(CART)
K Neighbors0.0486  441.66700.9986  0.9986  0.9986 0.9986 149392857

Logistic ~ 154.80230.0195 0.9574  0.9574  0.9574 0.9574 8642

Regression

Multi Layer 0.2062 0.9963 214557
Perceptron 298.5620 0.9963  0.9963  0.9963

Naive Bayes 16251

04724 03285 0.9484  0.9484  0.9484 0.9484
OneRule 0.0269 0.0547 0.4098 04098  0.4098 0.4098 836

Random  19.5079 0.7065 0.9998  0.9998  0.9998 0.9998 17025372
Forest

Support 14453.56 1306.2800.6352  0.6352  0.6352 0.6352 179564859
Vector 21 1

Machines

Zero Rule 0.0222 0.0004 0.5684 0.5684  0.5684 0.5684 839

Since our working environment is a resource
constrained environment, following metrics are chosen
for DAR comparison. These are model-size for low-
memory constraint, training and testing time for less
powerful CPU constraint and accuracy for overall
performance. For these metrics 100 points are
distributed. Accuracy is given 40 points, model size is
given 30 points, and training time is given 10 points, and
testing time is given 20 points. These metrics are chosen
by the authors subjectively according to their knowledge
in intrusion detection domain.

Using the same approach in section 3, Table 4 DAR
Results is obtained. All the results are obtained using 10-
fold cross validation. In 10-fold cross validation, dataset
divided into 10 folds. Among these 10 folds, 9 of them
are used for training, while remaining 1-fold is used for
testing, see Figure 1. This means that for every cross
validation 444619 instances are used for training and
49402 instances are used for testing. This procedure is
repeated 10 times and results are averaged. Full metric
results for every run can be seen in github repository.
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Figure 1. Cross Validation 10-fold
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Experiments are realized using python (3.8) and sci-
kit learn toolkit (0.23.2) (Pedregosa et al. 2011).
Experiment computer has an operating system of Linux
Mint 20 Ulyana with 32G of RAM. Its CPU is an
Intel(R) Core(TM) i77700K CPU @ 4.20GHz with 8
cores. All classifiers are used with default parameters.
Software code for the experiments is provided in
https://github.com/ati-ozgur/classifier-comparison-
using-DAR.

In the results, best possible total score is 100 points
of 100 points. Total column is found using the DAR
process outlined in the section 3. Here it is weighted
normalized summation of accuracy, model size, training
and testing time. Accuracy is normalized using Equation
1 since high values are good, while other three metrics
are normalized using Equation 2 since high values are
worse. Then normalized values of these metrics are
multiplied with weights and summed to get the total
column in Table 4.

Table 4. DAR Results for Intrusion Detection in KDD99
dataset time.

Classifier Name  Accuracy  Model Training Testing  Total

(%) Size(Mb)  Time Time

(sec) (sec)

Weights 40 30 10 20 100
Decision Tree 99.95 12351 3.21 0.01 99.97
(CART)
Bagging 99.97 1008.04 10.53 0.20 99.89
Multi Layer 99.62 210.02 1054.49 0.46 99.42
Perceptron
Random Forest 99.98 16642.80 129.21 3.45 98.29
Logistic 95.98 8.54 504.06 0.03 97.14
Regression
Naive Bayes 94.84 15.91 0.21 0.17 96.52
AdaBoost 78.66 64.39 24.32 0.94 85.55
Zero Rule 56.84 0.88 0.01 0.01 70.79
One Rule 40.90 0.88 0.01 0.02 60.00
K Neighbors 99.86 302790.12 2858.42 151763  57.78
Support Vector 63.52 175356.42 34064.04 2686.32  27.94
Machines

According to results, best classifier with very small
lead is the Decision Tree classifier. Other three
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classifiers —Bagging, Multi Layer Perceptron, Random
Forest — get very similar scores in DAR table. Firstly,
the DAR process effectively removes outliers from
consideration. Support Vector Machines and K
Neighbors classifiers are outliers in model size and
testing time categories and accordingly their total scores
becomes lower. Secondly, if we have used only accuracy
as metric, K Neighbors with accuracy of 99.86% will be
among the best classifiers. But its total score is below 60
points since its other 3 metrics are very bad compared to
other classifiers.

In short, DAR approach helps to choose among
different classifiers according to given constraints.

4. Discussion

Novelty of the proposed method is its simplicity.
Compared to previously proposed decision methods
(Basheleishvili et al. 2019), (Cmar & Ozer Uygun
2019), (Faydali & Erkan 2020), DAR is easier to
understand and implement. An example Excel file for
car example and python code for the IDS example is
provided in the software source code site. The main
model complexity is O(n) since only 1 loop exists in the
solution. All other calculations are simple arithmetic
operations, again showing simplicity of the method
compared to alternatives.

Even though, DAR is a simple method, it is helpful
to implement it for comparing alternatives. In the
machine learning domain using only accuracy to rank
classifiers is rampant. But, in real world
implementations, other considerations should be
considered.

Limitation of the current study is that weights are
subjective and taken from only one expert. In a real-
world scenario, other methods such as given in section
3.1 should be implemented to use information given by
multiple experts.

5. Conclusions

A method to choose among different classifiers
named Decision Analysis and Resolution (DAR) is
proposed. This method is originated in software
engineering domain. According to given constraints,
this method ranks the classifiers. A resource constrained
environment has been chosen for demonstration
purposes. For this environment, accuracy, model size,
training time and testing time have been chosen for
comparison metrics. Using scikit-learn toolbox, 11
supervised learning classifiers have been applied to
well-known intrusion detection dataset KDD99.
According to our results, Decision Tree is most suitable
classifier for this resource constrained environment,
even though Random Forest is the best accuracy
classifier.

A natural progression of this work is to test the
current code on real micro controllers like Raspberry Pi
or Arduino. Using different datasets on the resource

constrained environments may be another application.
For example, deep learning systems are very popular for
image processing tasks like face detection and car plate
detection. But these deep learning systems are also
resource hungry. Comparing them would be an
interesting application.
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Oz

Meta-sezgisel ve siirli zekasi algoritmalari, NP-Zor optimizasyon problemlerine yaklasik ¢oziimler sunmak igin uzun siiredir
kullanilmaktadir. Ozellikle kombinatoryal ve ikili problemler sz konusu oldugunda, algoritmalar igerisine gdmiilii komsu ¢oziim
iretmek i¢in kullanilan operatdr fonksiyonlari, aramanin gesitliligine sinirlamalar getirirken algoritmalarin basarisinda énemli bir rol
oynar. Bu tiir sinirlamalardan kagmak ve gesitliligi iyilestirmek i¢in, birden fazla operatdriin tek bir operatdr yerine bir sec¢im semast
yoluyla kullanilmasi tercih edilir. Daha 6nce farkli siirii zekasi ve meta-sezgisel algoritmalarla ¢esitli kombinatoryal problemleri
¢ozmek i¢in bir dizi operator se¢im semast kullanilmasi daha yiiksek etkinlik elde etmek i¢in kullamlmustir. Bu makalede, kiime
birlesimli sirt cantasi problemleri, ilk kez, alternatif operatér se¢im semalart araciligiyla segilen birden fazla operatér igeren ikili bir
yapay ar1 kolonisi algoritmast ile ¢oziilmiistiir. Onerilen ydntem icin farkli kredi atama yaklasimlari, farkli kayan pencere boyutlari
ve parametre konfigiirasyonlar1 test edilmistir. Se¢im semalarmin 6zellikleri kapsamli olarak 30 kiyaslama problemi iizerinde
incelenmigtir. Bu problem kiimeleri igin en iyi performans gosteren algoritma konfigiirasyonu onerilmistir. Calisma, basarili bir
secim semasina sahip adaptif ikili yapay ar1 kolonisi algoritmasini sunmaktadir.

Anahtar kelimeler: Yapay Ar1 Kolonisi, Adaptif Operator Se¢imi, Kiime Birlesimli Sirt Cantasi Problemi

Solving Set Union Knapsack Problems with Adaptive Binary Artificial Bee
Colony

Abstract

Metaheuristic and swarm intelligence algorithms have been utilised to solve optimization problems with NP-Hard nature providing
approximate solutions for a long time. Especially in the case of combinatorial and binary problems, operator functions embedded in
the algorithms to generate neighboring solutions play a crucial role in the success of the algorithms while each operator imposes
limitations upon the diversity of the search. In order to escape of such limitations and improve the diversity, multiple operators are
preferred to use through a selection scheme instead of a single operator. However, the nature of selection scheme whereby operators
are opted out also matters for higher efficiency, where a number of operator selection schemes have been used to solve various
combinatorial problems with different swarm intelligence and metaheuristic algorithms before. In this paper, set union knapsack
problems are, first time, solved with a binary artificial bee colony algorithm embedded with multiple operators selected through
alternative operator selection schemes. Different credit assignment approaches, different sliding window lengths and parameter
configurations are tested for the proposed method. The characteristics of the selection schemes are studied and the best performing
one is suggested using a comprehensive experimentation over 30 benchmark problems. The study concludes a particular variant of
binary artificial bee colony algorithm with a successful selection scheme.

Keywords: Artificial Bee Colony, Adaptive Operator Selection, Set Union Knapsack Problem.
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1. Giris (Introduction)

Sirt ¢antasi problemi eldeki imkanlardan en yiiksek
faydayr saglamak amaciyla ¢oziilmesi gereken ve
dogrusal zamanda ¢oOziilmesi miimkiin olmayan bir
optimizasyon problemdir. Gilinliik yasamda, kaynak
planlama (Bitran vd., 1981), kriptografi (Odlyzko vd.,
1990), lojistik (Klamroth vd., 2000), iretim sistemleri
(Bretthauter vd., 2002), gibi bircok alanda uygulama
alanina sahiptir.

Sirt gantasi uygulanacak probleminin yapisina gore
0/1 Sirt ¢antast (Moradi vd., 2021), ¢ok boyutlu sirt
cantas1 (Garcia vd., 2020) veya kiime birlesimli sirt
cantast (Wei ve Hao, 2021) gibi farkli tipleri
bulunmaktadir; Kiime birlesimli sirt cantasi (KBSC)
problemi 0-1 sirt ¢antasi probleminin 6zel bir halidir.
Bu problemde mevcut elemanlar bulunduklar1 kiimeye
gore ele alinmaktadir. KBSC probleminin simdiye kadar
gesitli  uygulama ve alanlarda degerli olusu
bilinmektedir (Goldschmidt vd., 1994).

Problemde n tane eleman i¢in U={12,...,n}

elemanlar kiimesini ve m tane neshe igin
§=1{12,..,m} nesne kiimesini ifade etmektedir. Oyle
ki S kiimesindeki her nesne [ €S (i=12,..,m)
U; C U karsihk gelmektedir ve bir fayda degerine
(p; = 0) sahiptir.

max P(A) = ¥ieap; 1)

W(A) = Tuey_v,W; <CACSS )

Amag fonksiyonu Esitlik (1)’de belirtilmis olup, bu
fonksiyonun amaci maksimum faydayr saglayacak en
iyi AC S alt kiimesini (5%) belirlemektir. Esitlik

(2)’deki w; degiskeni elemanin agirhigmni, C ise sirt

cantasinin kapasite simirin1 ifade etmektedir.

Goldschmidt vd. (1994) KBSC probleminin kesin
¢Ozimii i¢in hipergraf tabanli dinamik programlama
algoritmasinin  kullanilmasmi  Onermistir. Fakat bu
algoritma diisiik boyutlu problemler i¢in hizli ¢dziim
Onermesine karsm, problem boyutu arttikca dogrusal
zamanda bir ¢Oziim sunamamaktadir. Benzer sekilde,
Arulselvan (2014) a¢ gozli bir yakinsama algoritmasi
Onermistir.

Metasezgisel —algoritmalar, dogrusal zamanda
¢oziilemeyen problemlere uygulanabilecek alternatif ve
giiclii bir secimdir. Dogadan esinlenilerek gelistirilen bu
algoritmalar igerisinde; Genetik Algoritma (Holland,
1975, Lin vd., 2020), Pargacik Siiriisii Optimizasyonu
(Russel ve Eberhart, 1995, Bansal, 2019) veya Yapay
Ar1 Kolonisi (Karaboga ve Bastiirk, 2008, Xiang vd.,
2021) gibi oldukga basarili ve popiiler yontemler
bulunmaktadir.  Popiilasyon  tabanli  olan  bu
yaklasimlarda her bir ¢oziim ilgili bireye atanir ve

komsu ¢oziimlerden faydalanilarak arama uzayindaki en
iyl ¢Oziimii sunan noktaya ulagilmaya c¢aligilir.

Yapay ar1 kolonisi algoritmasi Karaboga (2005)
tarafindan bal arilarinin yiyecek bulma davranisindan
esinlenilerek siirekli optimizasyon problemlerine ¢dziim
bulmak igin gelistirilmistir (Wang vd, 2020). Yontem
kullandign  esitlikler — geregi  ikili  optimizasyon
problemlerine dogrudan uygulanamamaktadir. Bu
sebeple, ikili optimizasyon problemlerine
uygulanabilmesi igin ¢esitli diizenlemeler gerekmektedir
(Lin wvd., 2020). Bu diizenlemeler komsu ¢6ziim
dretilmesi i¢in yapilmaktadir. Kiran vd. (2013)
tarafindan sunulan mantiksal 6zel veya kapist kullanan
binABC algoritmasi, Kashan vd. (2012) tarafindan
sunulan disABC algoritmasit gibi gesitli komsu ¢6ziim
iiretme mekanizmalar1 bulunmaktadir. Durgut (2020)
ise, binABC algoritmasinin yakinsama hizini arttirmak
i¢in bazi diizenlemeler sunmustur.

Yapay ar1 kolonisi yaklasimi ve benzeri siirii
zekasina dayali metasezgisel optimizasyon
algoritmalar1, arama siirecinde ulastiklar1 ¢oziimleri
gelistirerek (somiirii faz1) daha iyi ¢oziimlere ulasmaya
calismakta veya arama bolgesinin farkli noktalarma
ulasarak (kesif fazi) yeni basarili ¢dzliimlere ulagmaya
caligmaktadir. Bahsi gegen iki faz (somiri, kesif)
arasinda denge saglanmasi oldukga zor olmakla beraber,
bu denge yerel minimuma takilma ya da hizli
yakinsayamama probleminin olusmamasi igin 6nemlidir
(Arani vd., 2013). Bu tip problemlerin olusma
durumunu en aza indirmek, yerel minimuma takilmadan
en iyi ¢oziime hizli bir sekilde ulasabilmek amaciyla
adaptif operatér segimi yaklasimi  Onerilmektedir
(Fialho, 2010).

Bu yaklasimda komsu ¢6ziim iiretimi asamasinda bir
operatdr yerine birden g¢ok operatdr igeren operatdr
havuzu kullanilmast one ¢ikarilmustir. Temel fikir
operatorlerin  birbirlerini  tamamlayict  davranis
gosterebilmeleri beklentisidir. Burada tamamlayicilik
bir kritere dayandirilarak tarif edilmektedir. Basarili
operatorlerin  se¢im sansinin  arttirilmasi  sayesinde
operatorlerin birbirlerini tamamlayici davranabilecekleri
ve boylece en iyi ¢oziime hizli sekilde ulasilmasi
miimkiin olabilecektir. Bu amacla bu ¢alisma yapilmis
ve tatmin edici sonuglara ulagilmustir.

Bu c¢alismada, kiime birlesimli st gantasi
problemine kaliteli ¢oziimler sunulabilmesi i¢in adaptif
yapay art kolonisi yaklagimi Onerilmistir. Literatiir
incelendiginde, KBSC probleminin ¢éziimii igin
kullanilmis olan Metasezgisel algoritmalarin tiim siireci
tek bir operator ile yurittigi goriilmiistir (He, 2018,
Ozsoydan vd., 2019). Onerilen yaklagim ise, ii¢ farkli
komsuluk operatdrii ve ti¢ farkli operator se¢cim yontemi
icin caligtirtlmis ve en iyi konfigiirasyon elde edilmistir.
Elde edilen sonuglar literatiirdeki diger basarili
yontemler ile karsilastirilmis ve var olan yontemlerden
daha Kkaliteli ¢6ziimler iretilmistir. Sonu¢ olarak bu
caligmanin katkisi, KBSC probleminin ¢6ziimii i¢in
literatiirdeki ¢aligmalardan daha Kkaliteli ¢Oziimler
iiretmesi olarak goriilmektedir.
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2. YAPAY ARI KOLONISI (Artificial Bee
Colony)

Siirli zekasina dayali bir optimizasyon algoritmasi
olan Yapay Arn Kolonisi (YAK) Algoritmasi, bal
arilarinin ~ yiyecek arama/bulma  davranislarindan
esinlenilerek Karaboga (2005) tarafindan gelistirilmistir.

Yapay Art Kolonisi algoritmasmin esinlendigi
dogada arilar besin arama davranislarinda is¢i, gozcii ve
kasif olmak tizere farkli gorevlere sahiptirler. Arilarin
besin arama davraniglarin gectigi asamalar, bagka bir
deyisle YAK ¢alisma adimlar1 Sekil 1°de verilmistir.

Algorithm 1 Yapay Arn Kolonisi

1: Basglangic popiilasyonunnm olugtur.

2: Durdurma kriteri saglanana kadar

Esitlik 471 kullanarak komsu ¢oziim iiret.

Secili ¢iziim ile aday ¢Oziim arasinda ac gizlil secim islemi yap.
Her besin kaynag icin olasihk degerind hesapla.

Olasihik degerine giire besin kaynag sec.

Esitlik 471 kullanarak komsu ¢oziim iiret.

Secili ¢iziim ile aday ¢oziim arasida a¢ gozli secim islemi yap.
Tiikenen besin kaynagn var ise yeni gecerli ¢iziim ile degistir.
Simdiye kadar bulunan en iyi ¢iziimii sakla

B

Sekil 1. YAK calisma adimlar1 (ABC Working Steps)

Baslangi¢ olarak yiyecek kaynaklarmimn iiretilmesi
icin Kagsif arilar yiyecek kaynaklarini rastgele aramaya
baslarlar. Yontem igerisinde ise, rastgele gecerli ¢6ziim
atanmast Esitlik (3)’e gore yapilmaktadir.

X = x4+ rand(0,1) (x7% — x[n €))

ij ij

Esitlik (3)’te, i. besin kaynagmm j. boyutuna
(parametresine) ait rastgele deger (x;) verilen smr

(x[79% — xM") arahiginda rastgele olarak belirlenir.

Biitiin besinlerin tim boyutlarina denklemden elde
edilmis degerler atanarak ilk c¢oziimler (kaynaklar)
olusturulur.

Isci ar1 fazinda, arilar mevcut yiyecek kaynaginin
komsulugunda yeni aday ¢6ziim olusturulur. Yeni
olusturulan ¢oziimiin kalitesi eskisinden daha iyi ise a¢
gozIlii secim uygulanarak bu ¢oziim ile giincellenir.
Boylelikle is¢i ar1 fazinda her ar1 tizerinde ¢alistig1 besin
kaynagimi gelistirmektedir.

Vi = x5+ @ (g —x;) 4)
Esitlik (4)’te her bir ar1 komsu bir aridan aldig: bilgi

dahilinde bu arinin komsulugunda denklem ile yeni bir
¢Oziim tretir ve bu sayede besin kaynagini gelistirir. V;

degeri, i. arinin j. boyutu igin iiretilmis yeni degerdir.
Bu deger, mevcut kaynagin  komsulugunda
rastgele baska bir kaynagin yine ayni boyut bilgisine
gore (xp;) glincellenmektedir. @ degeri hangi Slgiide

ilerlenecegini ifade eden katsayidir ve [-1,1] araliginda
rastgele tliretilmektedir.

1 .

1+ abs(fi), fi<0

Bulunan kaynagimn kalitesi, uygunluk fonksiyonu (fi)
sonucunda hesaplanir. Kalite degerinin sifirdan biiyiik
ve esit ya da kiiclik olmasina gore bu kaynaga Esitlik
(5)’te bulunan denklemde hesaplanan uygunluk degeri
atanmus olur.

Gozcii an fazinda, arilar tiim gorevli arilarin elde
ettikleri kaynak bilgilerini toplarlar. Bu bilgiler 1s1ginda
gbzcli arinin en iyi besin kaynagini secebilmesi igin
kaynaktaki nektar miktar1 ile orantili olarak Esitlik
(6)’da belirtildigi gibi bir olasilik degeri belirlenir. Bu
sayede gozcl ar1 asamasinda gelistirilmesi hedeflenen
besin kaynaklar1 belirlenmis olur.

Py =t (6)

Kaynaklarm kalitesine gére bulunmus olan uygunluk
degerlerinin ardndan bu kaynaklarm hangisinin
gelistirilecegi tim kaynaklar baz alinarak hesaplanan
olasilik degerine baglidir. Her bir ¢oziimiin olasilik
degeri Esitlik 6’da elde edilen degere gore
belirlenmektedir. Bu olasilik degerlerine gore
coziimler iizerinde giincelleme test edilir. Kasif ar
fazinda, limit degerine ulasan giincellemeye ragmen
iyilesmeyen ilk ¢oziim popiilasyondan atilarak, yerine
rastgele ve gegerli bir ¢oziim dahil edilir. Bu sekilde
algoritma ilk iterasyonunu tamamlayip tekrar isci ari
asamasma donmektedir. Algoritma durdurma Kkriteri
saglanana kadar devam etmektedir.

3. IKILI YAPAY ARI KOLONISI (Binary
Avrtificial Bee Colony)

Yapay ar1 kolonisi algoritmasi siirekli optimizasyon
problemleri ¢6zme amaciyla gelistirildigi igin, ikili
optimizasyon problemlerine dogrudan
uygulanamamaktadir.  Uygulanabilmesi i¢in  bazi
diizenlemeler yapilmalidir. Bu diizenlemeler iki sinifa
ayrilabilir;  bunlardan  biri  probleme uygulama
asamasinda siirekli karar degiskenlerinin ikili uzaya
yerlestirilmesi (Kiran vd., 2015), digeri ise karar
degiskenlerinin ikili formda (Kiran vd., 2013) olmasidir.
[k smiftaki diizenleme kullamldiginda yéntemin siirekli
uzayda aramaya devam eder, fakat amag¢ fonksiyonu
icerisinde siirekli uzaydan ikili uzaya haritalama
fonksiyonu gereklidir. ikinci smiftaki diizenlemeler de
ise, genellikle mantiksal karsilastirma ve ifadeler
kullanilmaktadir.

Bu calismada literatiirde siklikla kullanilan binABC
(Kirav vd., 2013), disABC (Kashan vd., 2013) ve yeni
Onerilmis olan ibinABC (Durgut, 2020) operatorleri
adaptif ~ bir  mekanizma  igerisinde  birlikte
kullanilmaktadir.
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3.1. BinABC Algoritmasi (BinABC Algorithm).

Coziim wuzayr ikili yapida olan optimizasyon
problemleri igin gelistirilmis XOR tabanli ar1 kolonisi
algoritmasidir. Bu algoritma Kiran vd. tarafindan
“Kapasite tesis yerlestirme problemi” ¢oziimii igin
gelistirilmistir (Kirav vd., 2013). YAK algoritmasmin
ikili yapiya uygun hale gelmesi i¢in Esitlik (3) ve Esitlik
(4)’tin uygun formata doniistiriilmesi gerekmektedir.

X

1

B 0, ;<P
-J'_{L TE'.;'EP ()

Diger yaklagimlarda oldugu gibi bu yontemde de
baslangigta kullanilacak ari1 popiilasyonu igin iiretilen
rastgele c¢oziimler, Esitlik (3)'Un Esitlik (7) olarak
giincellenmesiyle olusturulmaktadir.

v/ =x! ®lex! ®x))]
®)

Ik ar1 popiilasyonu olusturulduktan sonra, is¢i ve
gdzcli ar1 pozisyonlarmin hesaplandifi aday ¢oziimii
ifade eden Esitlik (4), Esitlik (8)’deki gibi gilincellenir.
Esitlik (8)’de V7 , i. aday ¢dziimiin j. boyutunu temsil

eder. Xz-j i. ig¢i arinin j. boyutu, Xi-j k. is¢i armin j.

boyutu, @ XOR mantiksal operatori, ¢ ise %50
olasilikla mantiksal degil kapisini ifade eder. Eger ¢

0,5’ten kiiglikse sonug [Xi-j DX f) ifadesinin terslenmis

halidir, biiyiik ve esitse sonug terslenmemistir.

3.2. DisABC Algoritmast (DisABC Algorithm)

ABC nin diger ikili wversiyonu olan DisABC
algoritmasi Kashan vd. tarafindan 6nerilmistir (Kashan
vd., 2012). Bu algoritmada YAK algoritmasinin yapisal
durumu baz alinarak is¢i ar1 (X;) diger bir deyisle segili

¢oziim ve komsu ar1 (X,) arasmndaki farkliligin

Ol¢lilmesi 6nemlidir. Bu noktada, Esitlik (9)’da Jaccard
benzerlik  katsayisi  bulunarak  1°den  ¢ikarilir,
boylelikle farklilik bulunur.

Dissimilarity (X, X,) = 1 — Similarity (X, X,)
9)
myy

Dissimilarity (X, X,.) =1 —
y (XX My + Mg+ My, (10)

E$ltllk (10)’da, mgl degeri XE_I:O Ve XILJ =1 Oldugu
durumdaki bitlerin sayisini, mq degeri X; ;=1 ve X, ; =

0 oldugu durumdaki bitlerin sayisini,my; degeri X; ;=1

ve Xp; =1 oldugu durumdaki bitlerin sayisini temsil

eder.
Esitlik (11) igin, Aday ¢oziim: V; , pozitif 6lgek

faktorii: ¢
Dissimilarity (V,, X;) & p x Dissimilarity (X,, X,.)(11)

Esitlik (12) i¢in ny ve ny katsayilan sirasiyla X;

binary (ikili) vektoérdeki 1 ve 0’ larin sayisini temsil
eder. Model sonucunda aday ¢oziim ve segili
¢Oziim arasindaki farklilk en aza indirgenmeye
calisilmaktadir. Secili ¢6ziimde 1 olan hanelerden
(bitlerden) secilir, aday ¢oziime aktarilir ve diger bitler
stfirlanir.

My + My =1y, Myg=ny,

Mgy, My, My, = 0 ve tam sayt olmak lizere;

My
Mgy +Myg+ M,y

)= QL — )]

min|(1—
nlﬂl+n1lﬂ+n!ll

(12)

3.3. IbinABC Algoritmas: (IbinABC Algorithm)

Durgut (2020), binABC operatoriinii iyilestirerek
ibinABC algoritmasimi dnermistir. ibinABC algoritmasi
iki yeni diizenleme igermektedir. Bunlardan ilki
komsuluk operatoriiniin  birden fazla bit {izerinde
uygulanmasidir. Operatoriin uygulanacagi bit sayisi
Esitlik (13)’e gore belirlenmektedir.

d, = rast[0,a] + 0.1D = e~ (#/Tmax) 4+ 1 (13)

Esitlik 10°da a ydntem parametresi olup,
Olgeklendirme igin kullanilmaktadir. D, problem
boyutunu, t o anki iterasyon degerini, o, iS€

maksimum iterasyon sayisini ifade eder.
Bir diger diizenleme ise ¢ degiskenin segili (X;) ve

komsu (X) ¢Oziimiin uygunluk degerine gore

binABC

rastgele olarak belirlenmektedir. Boyle bir durumda, iki
¢ozlimiin uygunluk degerlerinin bir 6nemi yoktur.
ibinABC’de ise eger komsu ¢Oziim daha iyi ise
komsuluk operatériinde komsu ¢oziimiin ilgili hanesi
(biti) isleme daha fazla etkili olacak sekilde
belirlenmektedir. Aksi durumda ise, « iterasyon

belirlenmesidir. algoritmasinda ¢ degeri

degerine gore Esitlik (14) *teki gibi belirlenmektedir.
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Pmax

_ (Pmax—Pmin) _
©= {(Pmcu: t, f[Xz) {f(XL) (14)
0, aksi halde

4. Adaptif Ikili Yapay Ar1 Kolonisi (Adaptive
Binary Artificial Bee Colony)

Ikili yapay ar1 kolonisi icerisine adaptif bir yap1
eklemek i¢in iki temel problemi yanitlamak
gerekmektedir. Bunlardan ilki operatorlerin basarisinin
nasil degerlendirilecegi ve atanacak kredinin nasil
belirlenecegidir. Ikinci problem ise, operatorlerin
mevcut kredilere gore nasil segilecegidir. Her iki
problemde  kendi  igerisinde  farkli  sorunlar
barmdirmaktadir.

Bir operatore kredi degeri atanmasi igin ilk olarak
operatoriin  onceki uygulamalardaki basarisi dikkate
alinmalidir. Uretilen komsu ¢oziimlerin amac degerine
gore veya iyilesme durumuna gore 6diil atanmalidir. Bu
caligmada  odill  degeri  Esitlik  (15)’e  gore
belirlenmektedir.

sdiil = = (f(x") = f(x)) (15)

Burada, PD problem boyutunu, GB o0 ana kadar elde
edilmis en iyi ¢Oziimiin amag¢ fonksiyon degerini, x’
aday ¢oziimi, x ise mevcut ¢oziimii ifade etmektedir.
Her bir komsu ¢6ziim fiiretilmesi sonucunda &diil degeri
hesaplanmakta ve eger pozitif bir deger elde edilmis ise
dikkate alinmaktadir. Her iterasyon sonrasinda
operatorlerin toplam o6diil degerleri belirlenmektedir.
Ardindan bu 6diil degerlerine gore operatorlere kredi
degeri atamasi yapilmaktadir. Bu noktada, o
iterasyondaki elde edilen odiil degerleri
kullanilabilecegi gibi belirli sayida iterasyondan elde
edilecek odiiller de dikkate ahnabilir. Onceki
calismalarimizda (Durgut ve Aydmn, 2020) gorildigii
iizere anlik 6diil kullammimin yerine ortalama ve en
yiiksek o6diil degerlerinin kredi atamasinda kullanilmasi
daha faydali sonuglar tiretmektedir.

Her bir operatére ait kredi degerleri belirlendikten
sonra operatdr secimi ic¢in kullanilabilecek farkli
yaklagimlar mevcuttur. Bunlardan ilki Probability
Matching (PM)  yaklagimidir. Bu  yaklagimda
operatorlerin segilme olasiligi kredi degerlerine gore
dagitilir. Esitlik (16) kullanilarak her bir olasiligin o
iterasyondaki secilme olasilig1 belirlenir.

Kredi;,
Pit = Pmin T (1 - (K_ 1) * pmz’n)zr‘L (16)

K - N
jma Kredij,

Esitlik (16)’daki K degiskeni kullanilacak operator
sayisini, P, en kot operatdre atanacak minimum

olasilik degerini, Ktredi; ise i. operatoriin kredi degerini

ifade etmektedir. Bir diger operatdr secimi yontemi olan

Adaptive Pursuit (AP) ise “kazanan timiinii alir”
prensibini kullanir. En iyi operatdr en yiiksek olasilik
degeri ile giincellenirken diger operatdrler minimum
olasiliga sahip olur. Yontemin olasilik atama esitligi
Esitlik (17)’de verilmistir.

Pict ﬁ(pma.x - pa’.t)’ eger it = 1;

Doz + B (Dmin — Dic), aksi durumda )

Pir+1 = {

Esitlik (17)’de f uyarlama katsayisi, i; ise en

yiiksek krediye sahip operatdrdiir. Bu iki yaklasimda
operatorlerin kullanim sayilari ile ilgilenmemektedir. Bu
sebeple az  kullanilan  operatorlere  Oncelik
tanimamaktadir. Upper Confidence Bound (UCB)
yaklagiminda ise az firsat bulan operatorlere daha fazla
firsat sunmak amaciyla kullanilmaktadir. Yontem
Esitlik (18)’e goére operatorlere segim olasihigi
atamaktadir.

1- (K - 1)pmz‘nr eger it = 1;
aksi durumda

Picr1 = { (18)

Pmins

i; ise Esitlik (19)’a gore belirlenmektedir. Burada C

ayarlama katsay1 n ise secilme sayilaridir.

2l0gTE n.
i = argmax{kredi,, + C |7ﬂyzj‘i T
i=1.K q Rir

} (19)

Operatorlere olasilik degeri atanmasindan sonra rulet
tekerine secim yontemi uygulanarak, operatdr segim
islemi gergeklestirilmektedir. Calismada kullanilan
algoritmanin ¢alisma adimlar1 Sekil 2°de verilmistir.

Algorithm 2 Adaptif Yapay An Kolonisi

1: Baslangi¢ popiilasyonunn olustur.

2: Durdurma kriteri saglanana kadar

3: Kullamlacak operatérleri se¢ ve Toplam ddiilleri sifirla.
4:

Operatirii kullanarak komsu ¢bziim iret.

Secili gowiim ile aday ¢omiim arasinda ag gozli segim islemi yap.
6: Odiil hesapla. Eger odiil degeri pozitif ise toplam Gdiile ekle.
T Her besin kaynag igin olasiik degerini hesapla.,
8: Olasihk degerine gire besin kaynag seq.
9: Kullamlacak operatorleri seq¢ ve Toplam odilleri sifirla.
10: Operatoril kullanarak komsu ¢oziim iret.
11: Secili gomiim ile aday ¢oziim arasmda a¢ gozli segim islemi yap.
12: Odiil hesapla. Eger 6diil degeri pozitif ise toplam odiile ckle.
13: Tiikenen besin kaynag var ise yeni gegerli ¢iziim ile degistir.

14: Operatir kredilerini giineelle.
15: Simdiye kadar bulunan en iyi ¢Oziimil sakla

Sekil 2. Adaptif YAK calisma adimlar1 (Adaptive ABC working
steps)

5. Deneysel Calismalar (Experimental Studies)

KBSC problemi kapasite kisith optimizasyon
problemi oldugu i¢in gegersiz ¢Oziimler mevcuttur.
YAK icerisinde gegersiz ¢Oziimlere izin
verilmediginden dolayi, c¢ozlimler {iizerinde onarma
islemi yapilmasi gerekmektedir. He vd. (2018)
onerdikleri caligmada a¢ gozlii bir onarma yaklasimi
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uygulamaktadir. Bu yaklasimda elemanlar kiime
icerisindeki frekanslarina ve fayda degerlerine gore
siralanir. Ardindan kapasite sinirini asan en degersiz
elemanlar cantadan ¢ikarilir. Eger mevcut kapasitede
hala eleman eklenebilecek yer mevcut ise, en yiiksek
fayda saglayacak elemanlar ¢anta igerisine eklenir.
Daha detayli bilgi icin (He vd., 2018), (Ozsoydan,
Bakyasoglu, 2019) ve (Ozsoydan, 2019) calismalar:
incelenebilir.

Yontemlerin bagarilarinin karsilastirilabilmesi igin
He vd. (2018) 30 problem 6rnegi igeren veri kiimesi
olusturmuslardir. Tiim problem o6rnekleri m_n x_y
formatina gore olusturulmustur. m ve n nesne ve
eleman sayilarini ifade ederken X ve y elemanlarin
yogunlugunu ve toplam agirhigin canta kapasitesine
oranim1 ifade etmektedir. Veri kiimesini, nesne ve
eleman sayisina gore li¢ farkli gruba ayrilmig olup
sayilart 100°den 500’¢ kadar artmaktadir. Kullanilan

ornek  veri kimesi Tablo 1’de  verilmistir.

Tablo 1. Kullanilan problem 6rnekleri. (The problem instances)
Grup 1 (m = n) Grup2 (m = n) Grup3(m = n)
Omek No  Ornek Adi Ormek No  Ornek Adi Ornek No Ornek Adi
G1.1 sukp 100_85 0.1 0.75 G2_1 sukp 100_100_0.1_0.75 G3_1 sukp 85_100_0.1 0.75
G12 sukp 100_85_0.15 0.85 G2 2 sukp 100_100_0.15 0.85 G3_2 sukp 85_100_0.15_0.85
G1.3 sukp 200_185 0.1 0.75  G2_3 sukp 200 200 0.1 075  G3.3 sukp 185_200_0.1_0.75
Gl 4 sukp 200_185_0.15 0.85 G2 4 sukp 200_200_0.15 0.85 G3_4 sukp 185_200_0.15_0.85
G15 sukp 300 285 0.1 0.75  G2_5 sukp 300_300 0.1 0.75  G3.5 sukp 285_300_0.1_0.75
GL6 sukp 300 285 0.15 0.85 G2_6 sukp 300_300_0.15 0.85 G3 6 sukp 285_300_0.15_0.85
G17 sukp 400 385 0.1 0.75  G2_7 sukp 400_400 0.1 0.75  G3_7 sukp 385_400_0.1_0.75
Gl 8 sukp 400_385_0.15 0.85 G2_8 sukp 400_400_0.15 0.85 G3_8 sukp 385_400_0.15_0.85
GL9 sukp 500 485 0.1 0.75  G2.9 sukp 500 500 0.1 075  G3.9 sukp 485_500_0.1_0.75
G1_10 sukp 500_485_0.15_0.85 G2_10 sukp 500_500_0.15_0.85 G3_10 sukp 485_500_0.15_0.85

Yontem iic farkli adaptif operatér segimi ortalama deger PM ile iiretildigi i¢in sonraki deneylerde

(Probability Matching (PM), Adaptive Pursuit (AP) ve
Upper Confidence Bound (UCB)) ile test edilmistir.
Odiil mekanizmas1 olarak pencere boyunca ortalama ve
en yiksek odiil miktarlar1 karsilagtirilmistir. Pencere
boyutu olarak ise kiigiik (5) ve orta (25) degerleri test
edilmis olup, bu kavram yontem icerisinde son 5 ve 25
iterasyon boyunca elde edilen 6diil degerlerini temsil
etmektedir. Minimum se¢ilme olasilig1 (Pmin) ise 0.1 ve
0.2 degerleri icin test edilmistir. Yontem parametresi
olan Alpha igin ise 0.1, 0.5 ve 0.9 degerleri
kullanilmustir.

Parametre ayarlama igin literatiirdeki caligmalarda
oldugu gibi G2 6 problem oOrnegi kullanilmistir. Bu
fazda 30 ve diger calistirmalarda igin algoritma 100
farkli kez c¢alistirllmis ve sonuglar tablo halinde
gorsellestirilmistir.  Popiilasyon boyutu 20 olarak
secilmistir. Maksimum iterasyon sayisinin belirlenmesi
icin ise Onceki ¢alismalar referans alinarak eleman veya
nesne sayisina gore biiyiik olan belirlenmistir.

Tablo 2’de ti¢ yontem tizerinden parametre ayarlama
icin elde edilen sonuglar goriilmektedir. AP icin en iyi
konfigiirasyonlarin; ortalama 6diil, pencere uzunlugu
icin 5, minimum olasilik degeri i¢in 0.2 ve Alpha
katsayist i¢in 0.9 degerleri oldugu goriilmektedir. PM
icin ise AP’den farkli olarak pencere uzunlugunun 5
oldugu goriilmektedir. UCB ise diger yontemlerden
farkli olarak daha kiigiik Alpha degeri igin en basarili
sonuglarimi iiretmistir. Bu {i¢ yontem arasinda en iyi

bu yontem kullanilmistir.

Sekil 3’te yontemlerin (PM igin elde edilmis en iyi
konfigiirasyon i¢in) zamana baglh olarak verilmis
kredilerin ortalama degerleri ve Sekil 4’te 6diil degerleri
verilmigtir. Baslangicta daha c¢ok basarili ¢oziim
iiretilebildigi i¢in, 6diil degerleri ve buna bagl olarak
kredi degerleri de yiiksektir. Fakat yeni iretilen
¢oziimlerin iyilesme oranlar1 ve sayilari azalmaya
basladiginda 6diil degeri ve dolayisiyla kredi degerleri
de azalmaktadir. Bu noktada operatér seciminin
farkliliklar1 oldukga azdir.

Sekil 5 ve Sekil 6°da ise, sirasiyla operator kullanim
sayilart ve basarili ¢éziim iiretme sayilart verilmistir.
Kullanim grafikleri de 30 c¢alistirmanin ortalamasi
olarak verilmistir. Her ¢ yaklasimda da baslangig
iterasyonlarinda ibinABC daha fazla kullanilmaktadir.
Farklilik, segilme sayilaridir. AP yaklasimi kredisine
gore bu operatore diger yaklagimlarda daha ¢ok firsat
vermistir. UCB algoritmasinda gecisler daha yumusak
olmasma karsin, en sert gegisler AP yaklagimimdadir.
PM yaklasiminda 100. iterasyondan sonra disABC daha
¢ok one ¢ikmaya baslamustir.
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Tablo 2. Parametre ayarlama igin elde edilen sonuglar (The results of parameter tuning)

AP PM uCB
Odiil Pencere  Pnin Alpha Eniyi  Ortalama Eniyi  Ortalama Eniyi Ortalama
0,1 10998 10658,63 11113 10719,8 10948 10650,2
0,5 11012 10676,30 10961 10692,13 10892 10686,57
5 0.1 0,9 10735 10638,30 11023 10693,8 11054 10693,07
0,1 11039 10670,40 10889 10700,8 11410 10697,23
0,5 11113 10667,50 11000 10697,07 11081 10712,23
Ortalama 0.2 0,9 10793 10651,83 11425 10713,03 11057 10697,7
0,1 11178 10709,37 11093 10679,13 10793 10667,37
0,5 11106 10704,50 11081 10670,27 11113 10657,9
25 0.1 0,9 11025 10672,17 11051 10652,43 11106 10663,37
0,1 11093 10662,50 11305 10687,93 10889 10677,67
0,5 11082 10682,70 10851 10667,5 11025 10692,53
0.2 0,9 11425 10708,63 11139 10700,73 10804 10669,37
0,1 11007 10657,13 11222 10704,13 11039 10684,9
0,5 11046 10683,53 11064 10724,37 11113 10689,3
5 0.1 0,9 10949 10690,63 11178 10692,93 10835 10666,57
0,1 11093 10722,43 11093 10684,7 11093 10656,2
0,5 11081 10691,70 11139 10666,73 10931 10660,97
En Viiksek 0.2 0,9 10949 10634,17 11057 10671,23 10953 10657,57
0,1 11078 10683,90 11132 10691,23 11251 10693,33
0,5 11425 10691,93 11251 10697,4 11113 10708,83
25 0.1 0,9 10990 10707,43 11410 10723,53 10953 10688,03
0,1 10968 10681,27 10860 10654,13 11093 10715,7
0,5 11093 10695,57 10990 10700,33 11178 10724,33
0.2 0,9 10966 10662,50 11037 10704,23 11132 107131
Kredi Grafigi
AP PM
150 - 150
—— binABC —— binABC
= ibinABC | 'S ibinABC
o 100 - —— disABC - 100 1 —— disABC
) a
° =
@ 50 o 504
N v
0 ! = e ! 0 f = e e
0 100 200 300 0 100 200 300
Ilterasyon Ilterasyon
uCB
150
—— bhinABC
s ibinABC
o 1007 —— disABC
a
k=]
¢ 50
~
0 T T __r e T
0 100 200 300
Ilterasyon

Sekil 3. Operator secim yontemlerinin iterasyona bagli kredi degerleri (The credit values of operator selection methods through iterations)
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Odiil Grafigi

AP PM
150 1 —— binABC 150 1 —— binABC
Z —— ibinABC < —— ibinABC
D 100 1 — disABC 2 100 1 — disABC
o (]
© ©
O QO
0 100 200 300 0 100 200 300
Iterasyon lterasyon
UCB
1501 —— binABC
s —— ibinABC
2 100 1 —— disABC
a
=
0
Q

0 100 200 300
lterasyon

Sekil 4. Operator secim yontemlerinin iterasyona bagl 6diil degerleri (The reward values of operator selection methods through iterations)

Operatdr Kullanim Sayilari

AP PM
= binABC — hinABC
20 4 —— ibinABC 20 4 — ibj
S S ISAB
c c
© T
2 10 - 2 10 A
0 T T T T 0 T T T T
0 100 200 300 0 100 200 300
lterasyon lterasyon
UCB
— binABC
20 —— ihinABC

£

c

)

Z 104

O T T T T
0 100 200 300
lterasyon

Sekil 5. Operator kullanim sayilarinin iterasyona gore degisimi (The usage counters of operator selection methods through iterations)
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Operator Basarili GUncelleme Sayilan

AP PM
8 —— binABC g - — binABC
] ibinABC @ ibinABC
® 6 1 — disABC | @ 61 —— disABC
5 4 5 4
un 1%
[14] 1+
@ 5 @ 5
0- 0-
0 100 200 300 0 100 200 300
Ilterasyon lterasyon
ucB
2 — binABC
] ibinABC
2 6 —— disABC
wn
T 4
vr
[0
@ 5
0 |
0 100 200 300
Iterasyon

Sekil 6. Operatdr basari sayilarinin iterasyona gore degisimi (The succes counters of operator selection methods through iterations)

Onerilen yaklasim ile elde edilmis sonuglar
literatiirde var olan diger yontemler ile karsilastirmali
olarak Ek Tablo’ da verilmis olup, karsilagtirilan
yontemlere ait degerler (He, 2018) ve (Ozsoydan vd.,
2019) calismalarindan dogrudan alinmistir. Bu tabloda
100 farkli calisgtirma sonucunda elde edilmis en iyi
sonug, ortalama, standart sapma degerleri verilmistir.
Gelistirilen yaklagim ile karsilastirilan diger yontemler;
A-SUKP, BABC, ABCBiIn, BinDE, GPSO*, GPSO
algoritmalaridir. A-SUKP, KBSC problemi igin
onerilmis yakinsama algoritmasidir. GA, Genetik
Algoritma, BABC ve ABCBin Ikili YAK
algoritmalaridir. BinDE  ikili diferansiyel evrim
algoritmasi, GPSO* ve GPSO ise acgozlii ikili pargacik
stiriisii algoritmasidir.

Elde edilen sonuglarin anlamliligin1 kolaylastirmak
adina, Tablo 3’te ilk problem grubu i¢in algoritmalarin
basart siralamalar1  verilmistir.  Onerilen adaptif

operator se¢imi  yaklasimi  hem diger YAK
diizenlemelerinden hem de giincel literatiirdeki
calismalar icerisinden ortalama basar1 sirasina gore
birinci siradadir. Burada 10 farkli 6rnek igin 7 kez en
iyl ¢coziimleri sunmus 3 kez ise ikinci sirada kalmustir.
En yakin rakibi GPSO olmustur.

Tablo 4’te ise, ikinci grup problem ornekleri igin
algoritmalarin performanslari karsilastirilmustir.
Onerilen calisma bu problem érnekleri icerisinde en

basarili algoritma olmustur. Burada 10 farkli 6rnek
icin 6 kez en iyl ¢oziimleri sunmus, 4 kez ise ikinci
sirada kalmistir. En yakin rakibi GPSO olmustur.

Tablo 5’te ise, iiglincii grup problem o6rnekleri igin
algoritmalarin performanslari karsilastirilmistir.
Onerilen ¢alisma bu problem ornekleri igerisinde en
basarili algoritma olmustur. 10 farkli 6rnek i¢in 7 kez
en iyl ¢oziimleri sunmus 3 kez ise ikinci sirada
kalmistir. En yakin rakibi GPSO olmustur.

Tablo 3. ik grup problem &rnekleri (G1_1 — G1_10) igin algoritmalarin performanslari (The performance of algorithms on first group

problem instances)

P. No A-SUKP A BABC

ABCBIn

binDE GPSO* GPSO PMABC

GL 1 7
Gl 2
G13
Gl 4
GL5

8

G1_7
G18
G19
G1 10

G
3 5

8 7 2
8 6 4

8 5 4

8 6 3

Gl 6 8 3 5
7 4 5

7 5 4

8 6 3

8 7 4

7 5 3

DWW NN NN~NO

Ortalama:

*\.

2
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Tablo 4. Ikinci grup problem 6rnekleri (G2_1 — G2_10) i¢in algoritmalarin performanslari (The performance of algorithms on second

group problem instances)

P. No A-SUKP A

w

ABC ABCBIn

binDE GPSO* PSO PMABC

G2 1 8
G2 2
G2 3
G2 4
G2 5
G2 6

G2_8
G2.9
G2 10

G
5
7
6
3
6
4
5
6
6
6
5

WWWwhoowaoawmnNn b~

[3)
NN ~N~N~N0oN~NO

8
8
8
7
7
G2 7 8
8
8
8
7

Ortalama:

o

4

G
2
3
2
2
1
2
1
1
1
2
1
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Tablo 5. Ugiincii grup problem &rnekleri (G3_1 — G3_10) igin algoritmalarin performanslari (The performance of algorithms on third

group problem instances)

P. No A-SUKP GA

@

ABC ABCBIn

binDE GPSO* PSO PMABC

G3_1 8
G3_2
G3_3
G3_4
G35
G3_6
G3_7
G3_8
G3.9
G310

5
7
6
6
5
6
6
4
3
6
5

WWOAoOwWwwhrwWwwWE W

w
OlN~NN~N~N NN ~NO~N

8
8
8
8
8
8
8
8
8
8

Ortalama: 4

6. Sonuglar (Conclusions)

Temel metasezgisel optimizasyon algoritmalarinin
basarist kullandiklar1 komsu ¢6ziim {iretme operatdrleri
ile dogrudan iligkilidir. Bu operatorin  yerel
minimumdan  kurtulabilme ve hizli yakinsama
kabiliyetlerine ayni anda sahip olmasi olduk¢a zordur.
Bu kabiliyetleri kazandirabilmek igin yontemlerin
arama uzayinin kosullarina goére adaptif olmasi
gerekmektedir. Bu adaptasyon  sayesinde  zor
problemlerin  ¢oziimii  hizlandirilabilmektedir.  Bu
caligmada yapay ari koloni algoritmasina adaptif
operator segimi eklenerek, ilk kez, kiime birlesimli sirt
cantast  problemleri  {izerindeki  etkisi  ortaya
konulmustur. Ele alinan problem icin, {i¢ farkli operator
secim yontemi ile yapay ar1 kolonisinin birlestirilmesi
ve detayli parametre analizi yapilmis olup, en iyi
konfigiirasyon belirlenmistir. En iyi konfigiirasyonda
son 5 iterasyon boyunca elde edilmis ddiillerin ortalama
degerleri kullanilmasi halinde en iyi ¢oziimler elde
edilmistir. Ardindan, 30 farkli problem O&rnegi igin
dretilmis  ¢oziimler literatiirdeki  calismalar ile
karsilagtirilmistir.  Karsilastirma sonucunda Onerilen
yontemin literatiirdeki c¢alismalardan daha giirbiiz
¢ozlimler iirettigi gorilmustiir.

Sonraki ¢aligmalarda, Operator sayisinin arttirilarak
KBSC problemi {izerindeki etkisi incelenebilir. Bu
sayede operatorlerin problem tizerindeki etkinligi ortaya
konulabilir.
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EK (Appendix)

Ek Tablo: Problem 6rnekleri {izerinde yontemlerden elde edilen sonuglar (Results obtained from methods on problem instances).

A-SUKP GA BABC ABCBIn binDE GPSO* GPSO PMABC
P.No Eniyi Ort Std Eniyi Ort Std Eniyi Ort Std Eniyi Ort Std Eniyi Ort Std Eniyi Ort  Std Eniyi Ort Std Eniyi Ort Std
G1_1 12459 12459 O 13044 12956 130.66 13251 13029 92.63 13044 12819 153.06 13044 12991 7595 13167 12937 190 13283 13051 37.41 13251 1305631 44
G1.2 11119 11119 0 12066 11546 214.94 12238 12155 5329 12238 12049 96.11 12274 12124 67.61 12210 11778 277 12274 12085 9538 12274 12137,04 60
G1.3 11292 11292 0 13064 12493 32003 13241 13064 9957 12946 11862 324.65 13241 12941 2057 13302 12766 305 13405 13287 93.18 13405 13266,85 110
Gl 4 12262 12262 0 13671 12803 291.66 13829 13359 23499 13671 12537 28953 13671 13110 269.69 13993 12949 326 14044 13493 32872 14215 13640,36 223
G1.5 8941 8941 0 10553 9981 14297 10428 9995 154.03 9751 9339 15815 10420 9899 153.18 10600 10090 236 11335 10670 227.85 11411 1070297 163
G1.6 9432 9432 0 11016 10350 21513 12012 10903 44945 10913 9958 2769 11661 10499 403.95 11935 10750 525 12245 11607 477.8 12245 11711,15 293
Gl.7 9076 9076 0 10083 9642 168.94 10766 10065 241.45 9674 9188 167.08 10576 9681 27505 10698 9947 295 11484 10916 367.75 11244 1073308 229
G1.8 8514 8514 0 9831 9327 1922 9649 9136 1519 8978 8540 161.83 9649 9021 15099 10168 9417 360 10710 9865 31538 10328 1007165 120
Gl 9 9864 9864 0 11031 10568 123.15 10784 10452 11435 10340 9910 120.82 10586 10364 93.39 11258 10566 260 11722 11185 322.98 11546 1119534 142
G110 8299 8299 0 9472 8693 180.12 9090 8858 9455 8789 8364 1141 9191 8784 13105 9759 8779 300 10022 9300 277.62 10194 936102 182
G2_1 13634 13634 0 14044 13806 14491 13860 13735 70.76 13860 13547 199.11 13814 13676 11953 13963 13740 120 14044 13855 96.23 14044 1392020 91
G2_2 11325 11325 0 13145 12235 388.66 13508 13352 155.14 13498 13103 34346 13407 13212 28745 13498 12937 418 13508 13347 194.34 13508 1343401 66
G2_3 10328 10328 0 11656 10889 237.85 11846 11194 24958 11191 10424 197.88 11535 10969 30252 11972 11233 369 12522 11899 391.83 12350 11890,76 211
G2.4 9784 9784 0 11792 10828 334.43 11521 10945 25514 11287 10346 273.47 11469 10717 341.08 12167 11027 21 12317 11585 27532 12317 1169187 187
G2_5 10208 10208 0 12055 11755 144.45 12186 11946 127.8 11494 10922 18263 12304 11865 160.42 12736 11934 294 12695 12411 2258 12713 12583,80 127
G2.6 9183 9183 0 10666 10099 337.42 10382 9860 177.02 9633 9187 147.78 10382 9710 208.48 10724 9907 399 11425 10568 327.48 11093 10688,38 118
G2.7 9751 9751 0 10570 10112 157.89 10626 10101 19699 10160 9549 14127 10462 9976 18557 11048 10400 282 11531 10959 2749 11310 1086111 140
G2.8 8497 8497 0 9235 8794 16952 9541 9033 19418 9033 8366 1534 9388 8768 21224 10264 9195 312 10927 9845 35891 10725 9880,29 283
G2.9 9615 9615 0 10460 10185 114.19 10755 10328 9161 10071 9738 11164 10546 10228 103.32 10647 10205 190 10888 10681 12536 10885 10637,93 82
G210 7883 7883 0 9496 8883 15821 9318 9181 8491 9262 9618 141.32 9312 9096 14545 9839 9107 258 10194 9704 252.84 10176 9819,00 160
G3_1 10231 10231 0 11454 11093 171 11664 11183 184 11206 10880 164 11352 11075 119 11710 11237 169 12045 11487 138 12020 11590,33 171
G3.2 10483 10483 0 12124 11326 417 12369 12082 194 12006 11485 248 12369 11876 337 12369 11684 354 12369 11994 437 12369 1215668 184
G3_3 11508 11508 0 12841 12237 198 13047 12523 201 12308 11668 177 13024 12278 234 13298 12514 356 13696 13204 367 13609 13307,07 136
G3 4 8621 8621 0 10920 10352 208 10602 10151 153 10376 9684 185 10547 10085 161 10856 10208 264 11298 10801 206 11298 10817,49 140
G35 9961 9961 0 10994 10640 127 11158 10776 117 10269 9957 141 11152 10661 150 11310 10762 199 11568 11318 183 11538 11217,25 191
G3.6 9618 9618 0 11093 10190 250 10528 9898 187 10051 9424 197 10528 9832 233 11226 10309 389 11517 10899 300 11590 11042,90 217
G3.7 8672 8672 0 9799 9433 164 10085 9538 185 9235 8905 112 9883 9315 192 8971 9552 234 10483 10013 202 10397 995562 105
G3.8 8064 8064 0 9173 8704 154 9456 9090 157 8932 8407 149 9352 8847 211 9389 8881 283 10338 9525 286 9865 943948 141
G39 9559 9559 0 10311 9993 118 10823 10483 228 10537 9615 151 10728 10159 198 10595 10145 200 11094 10688 168 11018 10603,61 126
G3_10 8157 8157 0 9329 8849 142 9333 9086 116 8799 8348 123 99218 8920 169 9807 8917 267 10104 9383 241 9686  9389,84 125
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Makine Ogrenmesi Algoritmalar1 Kullanarak Erken Dénemde
Diyabet Hastaligir Riskinin Arastirilmasi

Giirkan BILGIN®*
1Burdur Mehmet Akif Universitesi, Elektrik Elektronik Miihendisligi Bolimii, Burdur, Tiirkiye

Oz

Diyabet insanoglunun yagam Kalitesini 6nemli derecede etkileyen, diinyada ve Tiirkiye’de goriilme sikhigi giderek artan onemli bir
hastaliktir. Ozellikle sinir sistemi, bobrek, kalp, gozler, uzuvlar ve kan damarlarmin tahribatina yol agmakta ve énemli kayiplara
sebebiyet verebilmektedir. Bu sebeple diyabetin dnlenebilmesi veya verecegi tahribatin en aza indirilebilmesi igin erken tanisi ve takibi
biiyiik 6nem kazanmaktadir. Makine 6grenme algoritmalari ile elde edilen siniflandirma teknikleri, hastaligin risk tahmin modeli i¢in
aragtirmacilar tarafindan 6nemli olarak kabul gormiistiir. Caligmada, diyabete yakalanma olasiligini tahmin etmek igin, 520 denekten
alinan bilgiler ile olugturulmus olan bir veri tabam kullanmilmustir. Caligmada, makine 6grenmesi metotlart olarak Cok Katmanli
Algilayic1 Yapay Sinir Aglar1 (CKAYSA), Destek Vektér Makinalari (DVM), Karar Agaclari (KA), Topluluk Ogrenme Algoritmalari
(TOA), Dogrusal Ayrime1 Analizi (DAA), k-NN Metotlar1 kullanilmistir. Bu metotlar arasinda en yiiksek dogrulugu k-NN algoritmasi
saglamig ve bu algoritma ile %99,81 dogruluk elde edilmistir. En yiiksek dogruluk degeri saglayan algoritmanin ¢aligma kapsaminda
gelistirilmis olan bir bilgisayar kullanici arayiizii igerisine dahil edilmesiyle bir diyabet erken tani kiti gelistirilmistir.

Anahtar kelimeler: Diyabet riski, Erken dénem, Destek Vektsr Makinesi, Topluluk Ogrenme Algoritmalar1, Karar agaglart.

Investigation of The Risk of Diabetes in Early Period using Machine Learning

Algorithms

Abstract

Diabetes significantly affecting the quality of human life, the world and the incidence of a disease in Turkey is increasingly important.
In particular, it causes damage to the nervous system, kidney, heart, eyes, limbs and blood vessels and can cause significant losses. For
this reason, early diagnosis and follow-up is of great importance in order to prevent diabetes or to minimize the damage it will cause.
Classification techniques obtained by machine learning algorithms have been accepted as important by researchers for the risk
prediction model of the disease. In the study, a database created with information from 520 subjects was used to estimate the probability
of developing diabetes. In the study, Multilayer Perceptron Artificial Neural Networks (MLPNN), Support VVector Machines (SVM),
Decision Trees (DT), Ensemble Learning Algorithms (ELA), Linear Discriminant Analysis (LDA), k-NN Methods were used as
machine learning methods. Among these methods, k-NN algorithm provided the highest accuracy and 99,81% accuracy was achieved
with this algorithm. A diabetes early diagnosis kit was developed by including the algorithm providing the highest accuracy value into
a computer user interface developed within the scope of the study.

Keywords: Diabetes risk, Early stage, Support Vector Machine, Ensembles Learning Algorithms, Decision Trees.

Hastaligi) olarak adlandirilir. Diyabet insanoglunun

1. Giris (Introduction) yasam kalitesini 6nemli derecede etkileyen, diinyada ve
. o ) Tiirkiye’de goriilme siklig1 giderek artan onemli bir
Insan viicudundaki insiilin hormonunun gereginden hastalikir (TEMD, 2013; TSHGM, 2011). Diyabet

az ya da yetersiz iiretilmesi ve iiretilen insiilinin etkili hastalifi organ kayiplarma ve oliimlere sebep

kullanilamamas gibi durumlarda kronik bir rahatsizlik olabilmektedir. Ozellikle sinir sistemi, bdbrek, kalp,
durumu ortaya ¢ikar. Bu rahatsizlik Diyabet (Seker gozler, uzuvlar ve kan damarlarinm tahribatina yol
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acmakta ve dnemli kayiplara sebebiyet verebilmektedir
(TEMD, 2013; Harding vd., 2019; Islam vd., 2020). Bu
sebeple diyabetin Onlenebilmesi veya verecegi
tahribatin en aza indirilebilmesi igin erken tanisi ve
takibi bilyiik 6nem kazanmaktadir.

Genellikle tip 1 ve tip 2 diyabet olarak adlandirilan
iki tlir diyabet biliyoruz. Tip 1 diyabet, bagisiklik
sistemi  yanlishikla  pankreas beta hiicrelerine
saldirdiginda ve viicuda ¢ok az insiilin salindiginda veya
bazen viicuda hig insiilin salinmadiginda ortaya ¢ikar.
Ote yandan tip 2 diyabet, viicudumuz uygun insiilin
tiretmediginde veya viicut insiiline direngli hale
geldiginde ortaya ¢ikar. Bazi arastirmacilar diyabeti tip
1, tip 2 ve gestasyonel diyabet olarak ikiye ayirdi (The 6
Different Types of Diabetes, 2018). Diyabetin yaygin
semptomlar1 poliiiri, polidipsi, polifaji, ani kilo kayb1
(genellikle tip 1), halsizlik, obezite (genellikle tip 2),
gecikmis iyilesme, gorsel bulaniklik, kaginti, sinirlilik,
genital pamukguk, kismi parezi, kas sertligi ve
alopesidir. vb. (The 6 Different Types of Diabetes, 2018;
Statistics About Diabetes, 2018).

Diger taraftan, Diabetes Australia, Harris vd.
tarafindan daha once 12 yila kadar belirtildigi gibi,
diyabetin klinik tanidan 7 yil oncesine kadar var
olabilecegini yaymnlamislardir (Diabetes Australia,
2018; Harris vd., 2018). Bununla beraber, diabetes
Australia'ya gore, Tip 2'nin erken teshisinde basarisiz
olunmasi Avustralya saglik sistemine her y1l 700 milyon
dolardan fazlaya mal olabilmektedir (Diabetes
Australia, 2018). Disik ve orta gelirli ilkeler,
yayginligi endise verici bir oranda artan diyabet gibi bu
kadar maliyetli bir hastaligi ydnetmenin yiikiini
kaldiramaz. Bu nedenle, erken teshis ve uygun terapotik
tedavinin baslatilmasi, hasta sonuglarmnda ¢ok onemli
bir rol oynayabilir ve gayri safi ulusal harcamalar1 ve
iiretim kaybin1 azaltabilir.

Dolayistyla, diyabetin erken tanisinin konulabilmesi
ve gerekli Onlemlerin aliabilmesini, laboratuvar
ortamlarmda alian kan 6rneklerinin, hekimlerin kontrol
ve takibinde degerlendirilmesi ile
gerceklestirilmektedir. Fakat kan 6rneklerinin yani sira
diyabet hastaliginin belirtisi olan farkli semptomlar da
mevcuttur. Hastalardan elde edilen bu semptomlarin
dijital ortamlarda islenerek degerlendirilmesi igin veri
setleri olusturulmaktadir. Olusturulan veri setlerinin
erken tani i¢in kullanilabilmesinde dijital ortamdaki
simiflandirma  yaklasgimlari  bir  hayli ~ 6nem
kazanmaktadir. Veri madenciligi, tahmin i¢in kullanilan
onemli bir bilgisayar bilimi alanmidir. Veri analizi
yoluyla, o6nceden bilinen verilerden yeni verilerin
kesfedilmesi siirecidir (George, vd., 2015). Giiniimiizde
bircok gelismis ve karmagik veri seti analizlerine olanak
saglayan sistemler, algoritmalar ve metodolojiler
makine Ogrenmesinin tibbi alandaki uygulamalarina
olanak saglamaktadir (Islam vd., 2020; Goldenberg ve
Punthakee, 2013; Kononenko, 2001). Teknolojinin
sagladigr depolanmis biiyiik miktardaki akilli verilerin
islenmesinde makine &grenmesi tekniklerinin kisa

zaman  iginde  yaygin  olarak  kullanilacagi
diistiniilmektedir (Ogurtsova vd., 2017).

Gergeklestirilen bu ¢alismada, hekimler tarafindan
erken tanist konulmaya calisilan s6z konusu diyabet
durumu erken dénemde tespit edilmeye calisilmis, elde
edilen veri setleri farkli makine 6grenme metotlarina
uygulanarak dogru smiflandirmanin en yiikksek oranda
elde edilmesi hedeflenmis ve metotlarin
karsilagtirmalart ~ yapilmustir.  Calismada, makine
ogrenmesi metotlar1 olarak Cok Katmanli Algilayic
Yapay Sinir Aglart (CKAYSA), Destek Vekor
Makinalar1 (DVM), Karar Agaclart (KA), Topluluk
Ogrenme Algoritmalart (TOA), Dogrusal Ayrimci
Analizi (DAA), k-NN Metotlar1 kullanilmigtir. En
yiiksek dogruluk degeri saglayan algoritmanin ¢aligma
kapsaminda gelistirilmis olan bir bilgisayar kullanict
araylizii icerisine dahil edilmesiyle bir diyabet erken tani
kiti gelistirilmesi planlanmistir.

Saglik sektoriinde gelisen teknoloji ile birgok
calismada makine 6grenme algoritmalar1 kullanilarak
farkli saglik problemlerine ¢ozlim {iretmektedir.
Herhangi bir smiflandirma problemine ¢oziim tiretmek
icin geleneksel algoritmalarin zor oldugu veya miimkiin
olmadigi pek ¢ok durumda makine 6grenmesi belirleyici
olmustur (Ozer, 2020). Makine 6grenmesinin en énemli
ozelliklerinden birisi dogrusal olmayan ve ¢ok karmasik
veri setlerini kullanarak, kararli ve performansi yiiksek
tahminler  yapabilmesidir  (Hastie vd., 2009).
Literatiirdeki tibbi tan ile ilgili yapilan ¢alismalardan
birisinde, smiflandirmanin tip alanindaki tani pratigine
rehberlik ettigini ifade edilmistir (Jutel, 2011). Bir bagka
calismada hastalar1 risk gruplaria gore ayirabilmek igin
hasta verileri kullanilmis ve analizlerin
gerceklestirilmesi i¢in siiflandirma modeli 6nerilmistir
(Parikh vd., 2016). Kullanilan yiiksek boyutlu veri
setlerinin giivenirliliginin ve etkinliginin artirilarak
islevsel hale getirilmesinde yapay zeka metodlar: etkin
rol oynamaktadir (Cichosz vd., 2015; Tran vd., 2019;
Zhong vd., 2019; Bishop 2006). Ornegin bir akciger
kanseri alt tiplerinin belirlenmesinde nefes ornekleri
kullanilmis ve smiflandirma igin k-NN algoritmasi
kullanilmistir.  Sonugta yiiksek basar1 oranlarina
ulagilmistir (Wang vd., 2020).

Diyabet hastaligmin erken tanisi i¢in makine
ogrenmesi ile siniflandirma yapmak yiiksek dogrulukla
sonuglar vermektedir. Siniflandirmalarin yapilabilmesi
icin ¢ok farkli makine &grenmesi algoritmalar
kullanilmaktadir. ~ Literatiirdeki ~ farkli  diyabet
hastaliginin tanisi igin yapilan ¢aligmalara bakilirsa, 25-
78 yas araligindaki 250 adet hastadan elde edilen veri
seti, Sapon vd. tarafindan yapilan bir ¢aligmada
Bayesian Regiilasyon algoritmasinda kullanilmistir ve
%88,8 oraninda bir dogruluk basarisma ulagilmistir
(Sapon vd., 2011). 2013 yilinda gerceklestirilen bir
baska diyabet tahmini ¢alismasinda farkli metodolojiler
kullanilip kargilagtirmalar yapilmistir.
Kargilagtirmalarda kismi En Kiiciik Kareler yontemi
(EKK)- DAA kombinasyonu %74 ile en yiksek
dogrulukta tahmin degeri tiretmistir (Karthikeyani ve
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Begum, 2013). Parashar vd. DDA-DVM kombinasyonu
ve lleri Beslemeli Sinir Aglar1 (IBSA) siniflandirma
teknikleri kullanilarak karsilastirmalar  yapilmustir.
DVM kombinasyonu dogrulugu %75 degerine
ulasmistir (Parashar vd., 2014). Ahmed tarafindan
yapilan calismada insiilin, ila¢ tedavisi ve diyet gibi
diyabetik tedavi planlarini siniflandirmak igin yeni bir
model  gelistirilmigtir. 318 medikal kayit ile
gergeklestirilen  ¢aligmada 9 farkli  Oznitelik
kullanilmistir. Calisma sonunda gelistirilen  J48
algoritmasi ile %70,8 basarim degeri elde edilmistir
(Ahmed, 2016). Mercaldo vd. diyabet teshisine yardimci
olmak ve hizlandirmak igin, Diinya Saghk Orgiitii
kriterlerine gére seg¢ilmis bir dizi 6zellik kullanilarak
diyabetten etkilenen hastalart siniflandirabilen bir
yontem onermistir (Mercaldo vd., 2017). Mercaldo vd.
caligmalarinda diyabet tanisi ve smiflandirilma igin
Hoeffding Tree algoritmasini kullanmiglardir. Diyabet
tanist  konusunda  klinik  veriler  kullanilarak
gerceklestirilen bir baska ¢alismada, diyabetin tahmini,
komplikasyonlari, genetik arka plan ve ¢evre agisindan
sistematik bir inceleme yapilmigtir. Cesitli makine
ogrenme algoritmalari kullanilmig, DVM en basarili ve
yaygin olarak kullanilan algoritma olarak ortaya
cikmistir (Kavakiotis vd., 2017). 2018 yilinda Joshi ve
Chawan tarafindan yapilan ¢alismada glikoz, yas, kan
basmci ve viicut kitle indeksi gibi 7 farkli 6znitelik
kullanilarak  diyabet tahmini gergeklestirilmistir.
Analizler i¢in makine 6grenmesi algoritmasi olarak
DVM, lojistik Regresyon ve YSA kullanmislardir.
Siniflandirma performanslarma bakildiginda en iyi
sonuglar DVM ile elde etmislerdir (Joshi ve Chawan,
2018). Ayn1 y1l yapilan bir bagka Kaur ve Kumari Ulusal
Diyabet, Sindirim ve Bobrek Hastaliklar1 Enstitiisiine ait
Pima Hindistan niifuslu en az 25 kadin hastanin
olusturdugu veri kiimesi ile c¢aligmistir. Calismada
Gozetimli (Supervised) Makine Ogrenmesi
algoritmalar1 ile tahmin ¢aligmalar1 yapmislardir (Kaur
ve Kumari, 2018). Al Helal vd. diyabet tanisinda farkli
siiflandirma algoritmalar1 kullanmislar ve sonuglarimi
k-NN ile 966,19, Naive Bayes ile %72,66 ve Rastgele
Orman (RO) ile %73,72 olarak tespit etmislerdir (Al
Helal vd., 2019). Farkli bir c¢alismada, belirlenmis
simiflandirma algoritmalar1 iki farkli veri setine
uygulanmis veri setlerinin dogruluk yiizdesine etkisini
ortaya koymuslardir. Ayrica bahsi gecen c¢alismada,
Lojistik Regresyon algoritmasi ile %96 en yiiksek
dogruluk basarisma ulasilmustir, diger en yiiksek
skorlara ise sirasiyla %94 DAA ve %93 AdaBoost
algoritmast ile ulagilmigtir (Mujumdar ve Vaidehi,
2019). Giincel bir diyabet tani1 ¢alismasinda, sayisal ve
metinsel veri kiimesini islemek icin IBSA modeli
onerilmistir. Bu yaklagim ile Pima Indian Diabetes veri
setinde %97,27 egitim ve %96,09 test dogrulugu elde
edilmistir (Frimpong vd., 2021). Bi vd. ¢alismalarinda
hastalarin yagam tarzi miidahalelerinin etkisini 6l¢gmek
icin yeni bir makine 6grenimi modeli 6nermistir, 6405
kadin ve 5913 erkek hastadan elde edilen veri setine
uygulanmugtir. Onerilen yontemin basarisinin CKAYSA

ve Destek Vektor Regresyon (DVR)’ a gore daha
yiiksek oldugu gozlemlenmistir (Bi vd., 2021). Benzer
bir bagka ¢aligmada, 500 diyabet hastas1 ve 268 saglikli
insan olmak {izere toplam 768 ornekle yapilan
caligmadan  olusturulan  veri  setinin  otomatik
siiflandirilmasi icin CKA Derin Ogrenme Algilayicist
ve DVM vyontemleri kullanilmigtir. Derin 6grenme
algilayict smiflandiricisi, diyabet veri setiyle iyi
performans gostermis %77,474 Dbasar1 degerine
ulagsmistir (Thaiyalnayaki, 2021). Tiwari vd. temel
ozelliklerle diyabet tahmini yapmak icgin Rastgele
Orman ve Ozyinelemeli Eleme yoluyla énemli 6zellik
secimi yapmistir. XGBoost ve YSA kiyaslandiginda
XGBoost YSA’ ya gore %78,91 oran ile daha yiiksek
dogrulugu saglamistir (Tiwari ve Singh, 2021). Ayn1 yil
yapilan farkli bir ¢alismada Fan vd. diyabet hastalig1
tahmini i¢in hastalarin dijital dil goriintiileri ve mide
semptomlarint kullanmislardir. Verilerin
siiflandirilmasinda RO ve DVM kullanilmis, sonug
olarak RF siniflandirma modelinin DVM siniflandirici
modelinden o6nemli Olgiide daha iyi oldugu tespit
edilmistir (Fan vd., 2021).

2. Materyal ve Yontem (Material and
Method)

Onerilen sistemin temel yapisi Sekil 1'de
gosterilmektedir. Sekilde gosterildigi gibi, hastalarin
semptomlart hakkindaki bilgileri igeren veri seti,
calisma kapsaminda tasarlanan bir bilgisayar arayiiziine
hekim tarafindan girilecektir. Arayiize girilen bu bilgiler
program vasitast ile sayisal degerlere cevrilip makine
O6grenme metot girislerine uygulanacaktir. Daha sonra
veriler sirasiyla, DAA, DVM, TOA, KA, k-NN
Metotlar,, CKAYSA algoritmalart ile egitilecek ve her
birinin performanst degerlendirilecektir. Performans
degerlendirmesi capraz dogrulama, duyarlilik ve
Ozgiillik degerleri ile gerceklestirilecektir. Daha sonra
en yiksek performans degerini saglayan algoritma
arayliz yazilimma dahil edilecektir. Burada secilen
algoritma gelen verileri tahmin edecektir. Elde edilen
sonuglar, tekrardan arayiiz ilizerinden ¢ikista hekim
ekraninda gosterilecektir.

Girisi y Ogrenmesi Tahmini

Sekil 1. Calismanin Genel Yapisi (The Structure of the Study)

2.1. Veri Tabam (Database)

Calismada kullanilan veri tabani, 520 denek
iizerinde yapilan diyabetle ilgili semptomlarin
sorgulandigr bir rapor kiimesinden olugmaktadir. Veri
tabaninda, diyabet belirtileri sayilabilecek semptomlara
sahip insanlardan elde edilen veriler bulunmaktadir. Bu
veri tabani, yakin zamanda diyabet tanist konmus
denekler veya heniiz diyabet olmamis ve semptom
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gosteren deneklere dogrudan yapilan bir anket ¢aligmast
ile olusturulmustur. Veriler, Banglades Sylhet Sylhet
Diyabet Hastanesinden dogrudan anket yontemi
kullanilarak hastalardan toplanmigtir (Islam vd., 2020).
Calismada kullanilan bu veri kiimesine, UCI Makine
Ogrenmesi veri tabani iizerinden ulasim saglanmistir
(Dua ve Graff, 2019). Veri taban1 Tablo 1’de de
gosterildigi gibi 16 6zellikten olusmaktadir. Tablonun
son satirinda ise diyabet riski pozitif veya diyabet riski
negatif olarak gosterilmektedir.

Tablo 1. Ozniteliklerin Agiklamasi (The Explanation of Attributes)

Ozellikler Degerler

Yas 1. 20-35, 2. 36-45,
3. 46-55, 4. 56-65,
5. 65 yasiistii

Cinsiyet 1.Erkek, 2.Kadin
Politiri 1.Evet, 2.Hayir
Polidipsi 1.Evet, 2. Hayir
Ani kilo kayb1 1.Evet, 2.Hayir
Zayiflik 1.Evet, 2.Hayir
Polifaji 1.Evet, 2.Hayir

Genital pamukguk 1.Evet, 2.Hayir

Gorsel bulamklik 1.Evet, 2.Hayir
Kasint 1.Evet, 2.Hayir
Sinirlilik 1.Evet, 2. Hayir
Gecikmis iyilesme 1.Evet, 2.Hayir

Kismi parezi
Kas sertligi

1.Evet, 2.Hayir
1.Evet, 2.Hayir

Alopesi 1.Evet, 2.Hayir
Obezite 1.Evet, 2.Hayir
Simf 1.Pozitif, 2.Negatif.

Diyabet Erken Tani Kiti

Yas 0
Cinslyet ®) Erkek Kadin
Politir ®) Evet Hayir
Polidipsi ®) Evet Hayir
Ani Kilo Kaybi ®) Evel Hayir
Halsizlik ®) Evet Hayir
Poiifaji ®) Evet Hayir
Genltal Pamuk ®) Evet Hayir
Gorsel Bulanikiik (e) Evet Hayir
Kasinti e) Evel Hayir
Sinirlilik e) Evet Hayir
Geg lyilesme ®) Evet Hayir
Kismi Parezi ®) Evet Hayir
Kas Sertligi ®) Evet Hayir
Alopesi e) Evet Hayir
Obezite e) Evet Hayir
Hesapla

SekKil 2. Diyabet Tahmini igin Olusturulan Veri Giris Arayiizii (Data
Input Interface Created For Diabetes Prediction)

Pozitif olmasi hastanin diyabet oldugu, negatif
olmasi ise denegin diyabet olmadigini ifade etmektedir.
Veri tabaninda 320 pozitif bulunurken 200 denekte

negatif olarak veri saglanmistir. Veri tabanin
olusturulurken yas gruplar1 da 5 ayr1 sekilde ifade
edilmistir. Cinsiyet erkek ve kadin olarak yer alirken,
diger tiim ozellikler ise evet veya hayir olarak
degerlendirilmistir. Bu o6zelliklerde ise “Evet” ifadesi
semptomun bulundugunu ifade ederken, “Hayir”
secenegi ise semptomun bulunmadigi anlamina
gelmektedir. Bu ozellikler ve segenekler kullanilarak,
veri girisi igin bir bilgisayar arayiizii olusturulmustur.
Bu arayiiz detaylar sekil 2°de gosterilmektedir.

Sekil 2’de goriildiigli lizere secenckler sirayla
yerlestirilmis ve se¢me islemi igin hekim denetimine
sunulmustur.

2.2. Onerilen Yontemler (Proposed Methods)

Calismanin ~ bundan  sonraki kisminda ise,
hastalardan elde edilen veriler, farkli makina 6grenmesi
metotlarina sirasiyla uygulanmigtir. Bu metotlar DAA
DVM, TOA, KA, kNN Metotlari, CKAYSA
algoritmalart seklinde siralanmaktadir. Bu metotlarm
sisteme nasil uyarlandig1 Sekil 3’te gosterilmektedir.

> Diyabet
16 . Makine Pozitif
Giris Ogrenmesi |y,
D - » amE
egeri Metotlan Diyabet
> Negatif

Sekil 3. Makine Ogrenmesi Metotlarinin Sisteme Uygulanmast
(Application of Machine Learning Methods to the System)

2.2.1. Dogrusal Ayrisim Analizleri (Linear
Discriminant Analysis)

DAA algoritmalar1 genellikle modelleri iki smif
arasinda siniflandirmak igin kullanilir. Ancak, birden
cok kategoride siniflandirmak icin genisletilebilir
algoritmalardir. Caligmadaki kategori sayis1 iki oldugu
DAA algoritmasi yeterli olabilmektedir. DAA, tiim
siiflarm  dogrusal olarak ayrilabilir  oldugunu
varsaymaktadir. Bu varsayimdan yola ¢ikarak, ¢oklu
dogrusal ayrim islevine gore, 6zellik uzayinda birkac
hiper diizlemi temsil eden smiflart ayirt etmek icin
olusturulur. Calismada sadece iki smif oldugu igin,
DAA bir alt diizlem ¢izer ve iki kategorinin ayrilmasini
optimum seviyeye ulastiracak sekilde verileri bu alt
diizleme yansitir. Bu alt diizlem, ayn1 anda ele alinan iki
kritere gore olusturulur: bunlardan birincisi, iki sinifin
ortalamalar1 arasindaki mesafeyi maksimize etmek;
ikincisi ise, her kategori arasindaki varyasyonu en aza
indirmektir (Vaibhaw vd., 2020). Caligmadaki DAA
modeli tiizerinde, Dogrusal, quadratik, diyagonal
dogrusal, diyagonal quadratik, psddo-dogrusal ve
psodo-quadratik ayrisim tipleri uygulanmis ve en
basarili sonu¢ quadratik tipi ile elde edilmistir.
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2.2.2. Destek Vektor Makinalari (Support Vector
Machines)

DVM, bir sinifin tim veri noktalarin1 baska bir
sinifin tiim noktalarindan ayiran en iyi hiper diizlemi
algilayarak verileri smiflandirmaktadir. Optimum
seviyedeki hiper diizlem se¢imi, iki kategori arasindaki
en bilyiik marjin oldugu anlamina gelmektedir. Marjin,
i¢ kisminda bir veri noktasi olmayan bir hiper diizleme
paralel olan maksimum genislik anlamina gelmektedir.
Destek vektorleri ise, hiper diizlem ayrimma en yakin
verilerden gegen noktalardir. DVM’da, smiflandirma
fonksiyonu  denklem  1°deki  sekilde  ifade
edilebilmektedir (Mohammed vd., 2016; Huang vd.,
2018).

fl2) = sign[Z?:1 a;y;x;jz + b] ()

Denklem (1) 'de, x; parametreleri destek vektorlerini
ifade ederken, aj parametreleri optimum Lagrange
carpanlarini, yj parametreleri ise smif etiketleri olarak (-
1) veya (+1)'e esittir. B degiskeni ise fonksiyonun egilim
(bias) parametresi olarak ifade edilmektedir. Metot
tizerinde, optimal bir hiper diizlem tanimlanmasi igin,
marjin  genisliginin maksimum seviyeye ¢ekilmesi
gerekmektedir. Sonuglar, dogrusal, Gauss fonksiyonu,
Radyal Tabanli fonksiyon ve farkli derecelerde polinom
fonksiyonlar1 da dahil olmak iizere dort farkli ¢ekirdek
fonksiyonu kullanilarak test edilmistir. Calisma
kapsaminda, en iyi sonu¢ Radyal Tabanli fonksiyon ile
elde edilmistir. Marj1 ihlal eden gozlemlere uygulanan
maksimum cezayr kontrol eden yumusak-marj sabiti
(YMS), 10-5'ten 105'e arasinda secilerck Bayes
optimizasyon algoritmasi olarak segilmistir. Calismada
kullanilan YMS parametre degeri 22,956 olarak
secilmistir. Diger taraftan, cekirdek (Kernel) o6lgegi
(CO) 10-5 ile 105 arasinda ayarlanir ve ayni sekilde
Bayesian  optimizasyon algoritmast  kullanilarak
secilmistir. Optimizasyon sonucunda CO ise 0,53067
olarak belirlenmistir.

2.2.3. Topluluk Ogrenme Algoritmalar: (Ensemble
Learning Algorithms)

Topluluk 6grenme algoritmalari, tahmine dayali
analitik c¢alismalarda en basarili makine O6grenme
algoritmalarindan biridir. Bu tiir algoritmalar somut bir
problemin ¢6ziimii i¢in gelistirilmis modellerin bir araya
gelmesi ile olugmaktadir. Bu tiir modellerin bir araya
gelmesindeki  temel amag¢ dogruluk degerlerinin
artirilmasidir. TOA temel olarak, torbalama (Bagging),
artirma (Boosting), istif (Stacking) seklinde ortaya
cikmaktadir. Calismada farkli yontemler test edilmistir.
Bu metotlar sirastyla, Bag, Subspace, AdaBoostM1,
AdaBoostM2, GentleBoost, LogitBoost, LPBoost,
RobustBoost, RUSBoost, TotalBoost yontemleridir. Bu
yontemler arasinda en basarili sonug¢ iireten metot
Uyarlanabilir lojistik regresyon (LogitBoost) yontemi
olarak gozlemlenmistir. LogitBoost yontemi, Jerome
Friedman, Trevor Hastie ve Robert Tibshirani tarafindan

formiile edilmis bir yiikseltme algoritmasidir (Friedman
vd., 2000). Logitboost algoritmasi asagida ifade edilen
iic adimda gergeklestirilir.

Adim 1: Agiwrlik vektérii ve F(x) smiflandirma
fonksiyonu w; = % i=1,2,..,N,F(x) = 0 ve olasihik

. 1
ise p(x;) = > olsun.

Adim 2: Buislem m=1, 2, ..., M i¢in tekrar yazilirsa;

e (Calisma cevabi ve agirliklarmin
hesaplanmast;
__ yi-p)
ET pe - )
w; = p(x)(1 — p(xy)) 3)

Seklinde olsun.

o fm(x) fonksiyonu, w;  agirhiklarim
kullanarak z;' den x;' ye agirlikli en kiigiik
kareler regresyonu ile uydurulur.

e Dahasonraise F(x) « F(x) + %fm(x) ve

p(x) « (eF®)/ (eF™® + e F®))  olacak
sekilde giincellenir.

Adim 3: Sonunda ise siniflandiric ¢ikisi asagidaki
sekilde ifade edilir.

sign[F ()] = sign[Xy=1 frm (0] (4)

Caligmada, Logitboost metodunun &grenme hizi
deneysel olarak test edilmis ve en iyi sonug 0,5 6grenme
hizi ile elde edilmistir.

2.2.4. Karar Agaglart (Decision Trees)

Karar agaglarmin temel yapisi diigiimler, dallar ve
yapraklar olarak adlandirilan ¢ temel boliimden
olusmaktadir. Bu aga¢ yapisinda, her 6zellik bir diigiim
ile temsil edilmektedir. Dallar ve yapraklar ise, agac
yapisinin  diger bilesenlerini olusturmaktadir. KA
yapisinin temel prensibi, veriyi kiiglik parcalara bolerek
en kisa siirede elde etmektir. KA’da, agactaki her bir
diigim bir smifi belirtmekte veya diigiimdeki test
verilerini olusturan olasi ¢iktilara gére numune alanini
ayirarak bir test bolimi olusturmaktadir. Béliinen her
bir alt kiime, yeni bir alt agagla ¢oziilerek yeni bir alt
siiflandirma problemi ortaya ¢ikaracaktir. Yapraklar
olarak adlandirilan diigiimler, sonug¢ diigiimiiniin sinifin1
icerir. Yaprak diigiimii olmayan noktalar ise karar
diigiimleri olarak tanimlanir. Bu karar diigtimleri yeni
bir 6zellik olusturur ve bu nedenle, bu 6zelliklerin her
olas1 degeri i¢in ayni agacin dallarmi bolerek bagka bir
karar agaci olusturur (Rokach ve Maimon, 2005).
Minimum yaprak diiglim sayis1 1 ile 20 arasinda ve

Journal of Intelligent Systems: Theory and Applications 4(1) (2021) 55-64 59



maksimum dal diigiim sayis1 ise 1 ile 39 arasinda segilir.
Bolme kriteri ise, Gini'nin Cesitlilik Indeksi (GCI)
sapma parametreleri kullanilarak Bayesian
optimizasyon algoritmasi ile belirlenmektedir.

2.2.5. k-NN Metodu (k-NN Method)

K-NN algoritmasi, en basit ve temel makine
O0grenimi algoritmalarmdan birisi olarak
gosterilmektedir. Metot igindeki k degeri, tam say
olarak en yakin &zellikleri segmek igin belirlenmektedir.
Test verileri ile egitim verileri arasindaki mesafe Euclid,
Manhattan, Chebyshev, Minkowski veya Hamming
mesafe yontemleriyle ol¢iilmektedir. Test verilerine en
yakin k-egitim verileri arasmda en yakin komsular
arasinda en yaygin olan simiflandirmaya dahil edilmistir
(Mohammed vd., 2016). Bu c¢alismada, Bayes
optimizasyon algoritmasi ve 30 tekrardan sonra en
diisiikk hatayr veren degerler smiflandirici parametresi
kullanilarak 1'den 5'e kadar degisen k degerleri optimize
edilmis ve optimizasyon sonrast k degeri 1 olarak
secilmistir. Diger taraftan mesafe yontemi de
optimizasyon sonrast Minkowski mesafe yontemi olarak
belirlenmistir. En basarili dogruluk bu degerler ile elde
edilmistir.

2.2.6. Cok Katmanl Algilayict Yapay sinir Aglar
(Multilayer Perceptron Artificial Neural Networks)

Yapay Sinir Aglari, drneklerden olaylar arasindaki
iligkileri belirleyen ve daha once hi¢c goérmedikleri
ornekler hakkinda &grendikleri bilgileri kullanan,
birbirine bagli yapay sinir hiicrelerinden olusan
bilgisayar sistemleri olarak tanimlanir. YSA'nin sahip
oldugu bilgi, her bir proses elemaniyla olan
baglantilarda agirlik degerleri ile agda depolanir ve aga
yayilir (Hu ve Hwang, 2002). Caligsma sirasinda farkli
YSA metotlart test edilmis ve en basarili dogruluk
degerini veren CKAYSA yapisi calismaya dahil
edilmistir. CKAYSA bir giris katmanindan, bir veya
daha fazla gizli katman ve bir ¢ikis katmanindan
olusmaktadir (Hu ve Hwang, 2002). CKAYSA' nin
ciktist ise asagidaki matematiksel formiil ile ifade
edilebilmektedir.

y=fELXW,;+b), (= 12,..,M) (5)

Bu denklemde M katman sayisidir, giris
katmanindaki néron sayist N ile gosterilir, Xi gizli bir
katmandaki i. Noronu ifade eder, W her giris igin
agirhik olarak aciklanir, bj algilayici, f aktivasyon
fonksiyonudur ve y j. katmandaki algilayici ¢iktisidir.
Caligmada CKAYSA icin farkli katman sayilar1 farkli
néron sayilart ve aktivasyon fonksiyonlar1 test
edilmistir. En yiiksek dogruluk 2 katmanli her iki
katmaninda 10 néron bulunan CKAYSA yapisi ile elde
edilmistir. Her iki katman ve ¢ikis katmaninda tanjant
sigmoid fonksiyonu kullanilmistir. Tespit edilen
ozellikler farkli YSA yapilari ile analiz edilmis ve

sonuglar gézlemlenmistir. CKAYSA'da agirlik matrisini
se¢gmek i¢in geri yayillim egitim hatasi yontemi olarak
Levenberg-Marquardt algoritmasi kullanilmistir.

3. Deneysel Sonuclar (Experimental
Results)

Calismada, makine 6grenmesi metotlart kullanilmis
ve dogruluk degerleri birbirleri ile kiyaslanmustir.
Kiyaslama o6lgiitlerinde bilindik dogrulama yontemleri
kullanilmisgtir. Buna gore, dogrulama i¢in 3, 5 ve 10 kat
capraz dogrulama (KCD) islemleri gerceklestirilmis ve
her dogrulama sonucunda duyarlilik, o6zgillik ve
dogruluk degerleri hem tiim veri tabani i¢in hem de
sadece test verileri i¢in kaydedilmistir. Calismada
hesaplanan duyarlilik, 6zgiillikk ve dogruluk degerleri su
sekilde hesaplanmaktadir.

DP

Duyarlilik(%) = EYSRaTRe 100 (6)
DN

Ozgulluk(%) = ovoyp X 100 @)

Dogruluk(%) = —2"22— x 100 ©)

Bu formiillerde gegen parametreler asagidaki gibi
tanimlanmaktadir;

* DP: Gergekte pozitif sinif iginde, tahminde ise pozitif
smif i¢inde yer alan deger sayisi.
* YN: Gergekte pozitif sinif iginde, tahminde ise negatif
smif i¢inde yer alan deger sayisi.
* YP: Gergekte negatif sinif icinde, tahminde ise pozitif
smif i¢inde yer alan deger sayisi.
* DN: Gergekte negatif sinif icinde, tahminde ise negatif
smif i¢inde yer alan deger sayisi.

Calismada kullanilan farkli makine O6grenmesi
yontemlerinin ~ detayli  dogruluk  bilgisi  ile
performanslarmin  karsilasgtirilmast  Tablo  2°de
gosterilmistir.

Sonuglar karsilastirildiginda DVM metodunun giris
verileri g6z oniinde bulunduruldugunda diyabet riskinin
pozitif veya negatif  olacag yoniindeki
degerlendirmesinde ¢ok etkili bir metot oldugu
goriilmektedir. Capraz dogrulama islemi 3-KCD, 5-
KCD ve 10-KCD olarak degerlendirilmistir. Ayrica
sonuclar duyarlillk ve Ozgiillik yoniinden de
degerlendirilmistir.
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Tablo 2. Metotlarin k-Kat Capraz Dogrulama Karsilagtirmalari (k-Fold Cross Validation Comparisons of Methods)

VERILERIN TOMU TEST VERILERI
KCD METOT ~ ~
Duy. (%) Ozg. (%) Dog. (%) Duy. (%) Ozg. (%) Dog. (%)
DAA 93,76 96,59 94,74 90,51 95,67 92,12
DVM 98,76 97,72 98,33 96,60 93,53 95,19
TOA 99,48 97,86 98,85 98,41 93,76 96,54
SKCD KA 96,57 93,03 95,13 94,54 89,87 92,50
k-NN 99,79 97,87 99,04 99,36 93,85 97,12
CKAYSA 99,06 97,86 98,59 97,17 93,71 95,77
DAA 96,71 95,76 96,35 94,57 95,42 94,81
DVM 99,37 98,51 99,04 96,86 92,75 95,19
TOA 99,56 99,40 99,50 97,86 97,01 97,50
>KCD KA 97,29 94,64 96,12 94,47 90,19 91,92
k-NN 99,87 99,01 99,54 99,37 95,26 97,69
CKAYSA 99,24 93,29 96,27 97,40 88,31 93,08
DAA 96,89 95,53 96,37 94,48 95,25 94,42
DVM 99,66 99,50 99,60 96,77 95,21 95,96
TOA 99,81 99,65 99,75 98,17 96,63 97,50
10-KCD
KA 98,12 95,60 97,12 96,56 91,62 94,42
k-NN 99,91 99,65 99,81 99,07 96,66 98,08
CKAYSA 99,75 99,30 99,58 97,46 93,42 95,77

Her KCD bolimiinde elde edilen duyarlilik ve
ozgiilliik degerleri kabul edilebilecek seviyede olup
gayet iyi sonu¢ vermislerdir. Diger taraftan dogruluk
degerleri karsilastirildiginda en yiiksek tahmin dogruluk
degerinin her KCD bolimiinde k-NN metoduna ait
oldugu ve %99,81 seklinde dogruluk elde edildigi
asikardir. Dolayisiyla, c¢alismada gergeklestirilen
optimizasyon teknikleri ve deneysel gozlemler diyabet
riski smiflandirilmasinda k-NN yonteminin ¢ok etkili
oldugunu ortaya koymaktadir. Tablo 2’ye gére, DVM
den baska, DVM ve TOA yontemlerinin de gayet
basarili sonuglar verdigi goriilmektedir. Diger taraftan
bakildiginda ise DAA yonteminin bu tiir bir
siiflandirmada diger metotlara gore hayli yetersiz
kaldig1 goriilmektedir.

Bu c¢alismada elde edilen sonuglar literatiirde
gergeklestirilmis  olan  diger  caligmalar  ile
karsilastirildiginda, DVM yonteminin hayli basarili bir
yontem oldugu burada da ortaya ¢ikmaktadir.
Sonuglarin  diger metotlarla  karsilastirilabilmesi
acisindan  kesinlik ve F1 skoru degerleri de
hesaplanmistir. Bu degerler asagidaki formiiller ile ifade
edilebilmektedir.

DP
DP+YP

Kesinlik (%) =

x 100 9)

F1 skoru(%) = 2 x Sestnllioxbuyariik (10)

Kesinlik+Duyarlilik

Elde edilen kesinlik, hassasiyet, F1 ve dogruluk
skoru degerleri literatiirdeki diger ¢alismalar ile
karsilastirilmis ve Tablo 3’te gosterilmistir.

Bildirilen ¢alismalarin biiyiik cogunlugunda, diyabet
riskinin  Ongoriilmesinde siniflandirma dogrulugunu
%80'lerin {izerinde oldugunu belirtmek gerekir.
Tabloda goriildiigii iizere, Islam vd., 4 farkli metot
kullanarak, en yiiksek dogrulugu Rasgele orman (RO)
yontemi ile elde etmisler ve bu yontemle %97,4
dogrulugu yakalamiglardir (Islam vd., 2020). Diger
taraftan Ozer, yaptig1 calismada, uzun kisa dénem bellek
aglarim1 (LTSM) kullanarak ayni veri seti {izerinde
%98.9 basar elde etmislerdir. Frimpong vd. 2021 deki
calismasinda Ileri Beslemeli YSA modeli kullanarak
%96,09 dogruluk ve %94,88 F1 skorunu yakalamistir
(Frimpong vd., 2021). Bunlara karsin, gerceklestirilen
bu calismada ise k-NN yontemi kullanilmis ve bu
yontem ile %99,81 oraninda bir basar1 elde edilmistir.
Ayrica  %99,83 F1 skoru yakalama basarisi
gosterilmistir.  Ayrica, alisilagelmis  Oznitelikler
kullanilarak yapilan siniflandirma ¢alismalarindan farkli
olarak Fan ve arkadaglari dil goriintiilerinden elde
ettikleri Oznitelikleri kullanarak yaptiklari
caligmalarinda 3 birlesik 6zellik seti kullanmustir.
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Tablo 3. Metotlarin k-Kat Capraz Dogrulama Karsilagtirmalari (k-Fold Cross Validation Comparisons of Methods)

Calisma Yontem Has. (%) Kes. (%) F1Skoru (%) Dog. (%)

DVM-Lineer 87 88 87 89

k-NN 90 87 88 88

(Kaur ve Kumari, 2018) YSA 88 85 86 86

RBF-DVM 83 85 83 84

MDR 83 82 84 83

Lojistik Regresyon - - - 96

DAA - - - 94

. . Gradient Boost Siniflandirici - - - 93

(Mujumdar ve Vaidehi, 2019) AdaBoost Smiflandirici - - - 93

Gaussian Naive Bayes - - - 93

Rastgele Orman - - - 91

Naive Bayes 87,4 87,9 87,5 -

Lojistik Regresyon 92,4 92,4 92,4 -

(Islam vd, 2020) 148 95,6 95,7 95,6 -

Rasgele Orman 97,4 97,4 97,4 -

(Ozer, 2020) LSTM 99,37 98,43 98,9 -
(Frimpong, 2021) ileri Beslemeli YSA 93,28 96,53 94.88 96,09
Rastgele Orman 93,5 - - 94,2
(Fan vd., 2021) DVM-Lineer 79,8 - 88,8
L . XGBoost Simiflandirici 59,33 - - 78,91
(Tiwari ve Singh, 2021) YSA 45,22 i i 71.35
Bu ¢alisma k-NN 99,91 99,75 99,83 99,81

Rastgele Orman (%94,2) ve DVM-Lineer (%88,8)
metotlarinda en yiiksek skorlara ulagsmislardir (Fan vd.,
2021).

Birgok smiflandirma probleminde oldugu gibi
diyabetin erken tanisi i¢in gergeklestirilen bu ¢calismada
da veri setlerinin niteligi ve miktar1 Onem
kazanmaktadir. Giincel bir ¢aligmada 9 farkli 6znitelik
kullanilmis XGBoost Siniflandirict ve YSA yontemleri
ile yiiksek basarilar elde edilmistir. XGBoost ile 78,91
ve YSA ile 71,35’ tir (Tiwari ve Singh, 2021). Kaur ve
Kumari yapmis oldugu calismada makine 6grenmesi
icin 8 Oznitelik kullanmig, en yiiksek dogruluk
degerlerine sirastyla DVM-Lineer ve k-NN metodlari ile
%89 ve %88 elde etmistir. Ayni ¢aligmada en yiliksek F1
skoru degeri k-NN ile %88’ dir (Kaur ve Kumari, 2018).
Bir bagka ¢alismada Mujumbar ve Vaidehi, 10 farkli
oOznitelik kullanmis en yiiksek skorlart %96, %94 ve
%093 olarak sirasiyla Lojistik Regresyon, DAA ve
Gradient Boost Siniflandirici algoritmalar1 ile elde
etmislerdir (Mujumbar vd., 2019). Buna karsin, bu
calisma, Oznitelik ¢ikarimi i¢in 16 farkli o6zellik
kullanilarak 6n plana ¢ikmis ve %99,81 dogruluk
oranina ulagmistir. Bu sonuglar ile yalniz kullanilan
siniflandirma metotlarinin degil, 6znitelik ¢ikarimi igin
kullanilan 6zelliklerin niteliginin de sonucta ne kadar
etkili oldugu ortaya konulmustur.

Diyabet riski erken tahmininde, kisilerin konumu,
yas1 veya egitim geg¢misi ne olursa olsun, bu kisilere
kiiresel olarak erisilebilir bir online sistem tasarimi
stiphesiz ki o©nemli bir katki olacaktir. Giincel
teknolojide, internet, veri ve hizmet aramanin en yaygin

yolu haline gelmektedir. Diyabet riskinin erken
tespitinde, kullanict semptomlarinin sisteme girilmesini
saglayacak basit bir web sitesi yapilabilir. Bu web sitesi
hem diyabete yakalanma olasilig1 tahminlerini yapabilir
hem de diyabetik belirtiler ile ilgili baz1 yararl saglik
ipuclar1 saglayabilir nitelikte olabilir. Bu ihtiyag¢ i¢in
calisma kapsaminda gelistirilen bir arayiiz caligmasi ana
sayfast Sekil 4'te gosterilmektedir.

Diyabet Erken Tani Kiti

Yas 35

Cinslyet o) Erkek Kadin

Politiri Evet (o) Hayir

Polidipsi ®) Evet Hayir

Anl Kilo Kaybi Evet (o) Hayir

Halsizlik e) Evet Hayir

Polifaji Evet (o) Hayrr

Genital Pamuk Evet (e) Hayir

Gérsel Bulaniklik (e) Evet Hayir

Kasinti ®) Evet Hayir

Sinirlilik Evet ®) Hayir

Geg lyilesme Evet (o) Hayir

Kismi Parezi ®) Evet Hayir

Kas Sertligi Evet ®) Hayir

Alopesi e) Evet Hayir <

Obezite ®) Evet Hayir SonUQ: POZItlf
(resapa )

Sekil 4. Demo Arayiiz Tasarimi (Demo Interface Design)
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4. Sonug ve Tartisma (Result and
Discussion)

Farkli yas gruplarindan insanlar her gegen giin
diyabet riski ile karst karsiyadir. Bu ¢alismada,
diyabetin erken agamada tespit edilmesinin tedavide ¢ok
onemli bir rol oynadigini ve erken teshis i¢in ipuglarmin
yakalanmasinin ¢ok 6nemli oldugu vurgulanmaktadir.
Beslenmede seker dengesinin saglanmasi, diizenli
fiziksel aktivite gerceklestirilmesi ve saglikli yasam
tarzina gegis yapmak gibi bazi basit bilgilendirmeler
kismen de olsa obeziteyi Onleyebilecek imkanlar
saglayabilecektir. Diyabeti tahmin etmek igin
gelistirilen makine 6grenmesi yontemleri ve araglari
gelistikce ve bu yontemlerin girisine uygulanacak veri
sayist ve denek sayisi arttikga sistemin gercekligi ve
erken tani ve teshise maliyeti diisiik bir sekilde verecegi
destekte, bu tibbi saglik hizmetindeki roliinii
yadsinamaz hale getirecektir. Bu c¢alismanin literatiire
olan temel katkisi, diyabetik riskinin erken tahmini igin
yapilan en iyi algoritmay1 bulmaktir. Calismada, k-NN
algoritmasinin ylizdelik capraz dogrulama
degerlendirme testinde en iyi dogruluk performansi
sergiledigi gosterilmistir. Calisma sonucunda, k-NN
algoritmasinin  dogruluk performans degeri %99,81
olarak hesaplanmigtir. Bununla beraber F1 skoru %
99,83 olarak elde edilmis ve diger calismalara gore
dstiinliigii ifade edilmistir. Diger taraftan ise, son
kullanici tarafinda kiigiik anket tarzi bir sorgulama ile
bilgisayar arayiizii iizerinden diyabet 6n tahmini
yapilmasi saglanmistir.
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