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Keywords Abstract: The data in a tracking event are usually an object that enables tracking, a
I“d'us'fl"y 4-0'. tracked object, and the time information at which these two objects interact. These
g?ieDCt Tracking, data can be obtained using different technologies which are expected to be widely

used in Industry 4.0, such as RFID, image processers, ibeacon. These devices send
their tracking data to the cloud thanks to the Internet of Things (IoT), which is also
considered as one of the components of Industry 4.0. Thus “big data”, another
component of Industry 4.0, is formed. In this study, how to reduce tracking data
without losing its value and then how to convert it into meaningful data by
processing step by step are explained with prepared algorithms. By this processed
data, traceability reports can be obtained quickly and accurately. The queries used
for tracking and the relative time algorithms to evaluate efficiency were shared
also in the study. It is aimed that software developers who want to set up tracking
systems will benefit from these algorithms. Although studied tracking data is
obtained by short-range RFID, these algorithms can be used for different
technologies that perform object tracking.

IoT,
Relative Time for Objects

Endiistri 4.0'da Kisi ve Nesne izleme icin Kademeli Algoritmalar

Anahtar Kelimeler Oz: Bir izleme olayindaki veriler genellikle izlemeyi saglayan bir nesne, izlenen bir
Endiistri 4.0, nesne ve bu iki nesnenin etkilesimde bulundugu anki zaman bilgisidir. Bu veriler
Nesne Takibi,

Endiistri 4.’da yaygin kullanilacag1 tahmin edilen RFID, goriintii isleme, ibeacon
gibi farkl teknolojiler kullanilarak elde edilebilir. Bu cihazlar, Endiistri 4.0'in
bilesenlerinden biri olarak kabul edilen Nesnelerin Interneti (IoT) sayesinde
izleme verilerini buluta goénderir. Boylece Endiistri 4.0'in bir diger bileseni olan
“bliyiik veri” olusur. Bu c¢alismada izleme verilerinin deger kaybetmeden nasil
azaltilabilecegi ve daha sonra adim adim islenerek nasil anlaml veriler haline
dontstiiriilebilecegi hazirlanan algoritmalarla anlatilmistir. Bu islenmis verilerle
izlenebilirlik raporlart hizli ve dogru bir sekilde elde edilebilebilmektedir.
Calismada raporlama icin kullanilan sorgular ve ayrica izleme verilerin
birbirleriyle veya planlama verileriyle zaman farklarinin ¢ikarilarak verimlilik
degerlerinin 6l¢iilmesi i¢cin hazirlanan algoritmalar da paylasilmistir. Boylece,
izleme sistemleri kurmak isteyen yazilim gelistiricilerinin bu algoritmalardan
faydalanmalar1 amaglanmistir. Bu ¢alismada kisa mesafeli RFID kullanilarak izleme
verileri alinmis olmasina ragmen, nesne takip islemi gerceklestiren farkh
teknolojiler i¢cin de hazirlanan algoritmalar kullanilabilir.

RFID,

Nesnelerin interneti,
Nesnelerde Goreceli
Zamanlama

*{lgili Yazar, email: cediz@sakarya.edu.tr

1. Introduction

With the development of technology, firms want to keep track of everything they use in the industry and use
these data in decision-making. Thus, the objects in the industry are equipped with electronic units with sensors
and connect to the Internet. So IoT has become widespread. Therefore, one of the most commonly used words in
Industry 4.0 studies, which indicates the latest change in the industry, is “IoT“[1]. IoT is defined as the use of the
Internet, devices and sensors for communication among people, machines and products [2]. Thanks to IoT,
objects are monitored, products are delivered quickly, costs decrease and customer satisfaction increases [3].
The success of 10T applications will enhance by the standardizations of common requirements from different
sectors and assurance of low energy security systems [4].

Different technologies such as RFID, ibeacon, GPRS, digital processing can be used for object tracking. RFID is
used to search physical objects and has events like following the state changes of object/reader locations [5].
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Similarly, the image processing technologies that make face detection and recognition using images obtained via
cameras, videos, have started to be used in employee timekeeping and state security applications. In the
literature, although the detecting algorithms are used for different objects, identification algorithms are used for
only people. The most common of these applications use the face recognition systems with laplacian, eigenfaces
or convolution neural networks ([6], [7], [8]). In spite of the different algorithms, all of them aim to recognize the
tracked people. Another technology used for tracking is the ibeacon technology. Ibeacons, which work with much
lower energy than Bluetooth and Wifi, can be used for location determinations by making calculations over the
received data [9]. Regardless of which of these alternatives was used, obtained data is formed of object, time and
place information. Therefore, the object tracking model explained in this study can also be applied when working
with different technologies.

In the studied application, personnel tracking was done by using RFID. RFID has many advantages and so its
usage is increasing [10]. Some of these advantages can be listed as follows: RFID system collects and evaluates
data instantly, reduces labor costs, simplifies business processes and improves business efficiency [11]. In
addition, RFID provides stock visibility. Thus, the leakage between physical stock and registered stock is
prevented and errors and frauds are reduced [12]. On the other hand, due to continuous data flow with RFID,
huge amount of data is read. Therefore, there is a need to reduce data volume in RFID studies [13]. In this study,
model algorithms were prepared to reduce the volume of tracking data without losing their value and to obtain
some reports from these large data.

In the second section of the study, system architecture and application areas of tracking algorithms, in the third
section the data accepting and pre-processing algorithms, in the fourth section stepwise methods used for object
tracking, in the fifth section the object track reports and in the last section the relative time calculation
algorithms are explained.

2. System Architecture and Application Areas of Tracking Algorithms

The monitoring process is possible by the interaction between the tracker object and the tracked object. Each
object is assigned a unique ID code to detect object in the track process. Mostly, the tracker object is asked to
detect tracked object when it enters a certain area and to send this data for evaluation. On the other hand, in
some systems like tracing applications in mobile phone, the tracked object detects the tracker object and sends
these data. Especially with the widespread of smart phones, a lot of data like location of navigation , query code
of bank operation, are started to be transmitted to different organizations.

RFID Label

f~

Actor << RFID Reader

RFID Label LA B
.0 wifi
Actor
------------------------------------- Electronic Unit
for —
RFID Label Communicaton | <—

.'4_ internet

= I,' K

Actor r~ »

RFID Label (( RFID Reader

Actor

Figure 1. Architecture of the studied application

As a case study, staff movements in a food factory were investigated. First, meetings were held with the human
resources manager and the production department manager regarding personnel tracking. Later, a department
was selected to see the possible problems. Two short range RFID readers were placed in this department and the
entrance and exit movements of the department employees were examined. In this application, RFID readers
were used for the tracker objects and RFID tags were used to identify the tracked employees. Since short-range
RFID readers were used in the application, these readers were placed near the entrances. As shown in Figure 1,
RFID readers send data to the central electronic unit via Wi-Fi and afterwards this data is sent by the electronic
unit to the server in the cloud via internet. This data is evaluated on the server. The RFID reader module follows
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the same path and reaches the evaluated data and transmits these data to the connected object. So this data can
be used for identification and authorization.

This work does not deal with the production processes of the tracked object. In production activities, if different
materials (objects) come together and a new product (object) occurs, a different algorithm is needed to follow
this transformation. In other words, the proposed algorithm can be used as long as the identity code and quantity
of the tracked object do not change. In addition, instead of detecting the coordinates of tracked objects, it is
aimed to detect the identified places of objects in the study. Although, by using technologies, such as RFID or
ibeacon, location coordinate estimates can be made by reading the same tag by more than one reader ([14],
[15]), this study is not related with object positions.

The algorithms in this study can be applied to all monitoring technologies. An example of application usage can
be the tracking of plate readers placed at different points in a city. In this way, if enough license plate reading
devices are installed in the city, it can be observed where the vehicles are located in within a certain period of
time. Another application of this algorithm can be tracking of animals that can be found in different locations on
a farm. On the other hand, unlike the above examples, the tracked object which use proposed algorithms, may
not able to move itself. The clothes having RFID tags in a store can be given as an example of this. Although RFID
usage is not widespread at the small to mid-size enterprise (SME) level in current applications, this situation is
expected to change in the future. Besides, RFID tags are likely to be used not only for tracing, finding and
counting objects, but also for other purposes, such as gathering information on consumer behaviour from stock
movements in the store.

3. Simplifying and Matching Tracking Data

RFID readers send the RFID tag numbers to the databases within specific time periods. Thus, the basic data
required for object traceability are collected and stored in the databases. These data are device identification
number, identification number of the tracked object and time data. If the data sent to the database belongs to an
undefined device or undefined object, it is requested to separate this data from the others. This can occur most of
the time when unwanted objects are read by the system. Also, sometimes, an RFID card or RFID reader which
was not previously defined can be read for the first time from the system for identification. Therefore, in the first
step in the database, it is queried whether the RFID card number or device number being read belongs to an
identificated object or not.

The device numbers that detect the tracked object are matched with the places of these devices. The place in this
matching, identifies the data carrying or containing tracked object instead of specifying a local position [13].
Similarly, the identification numbers from the RFID tags used for the monitored objects were matched with the
identification numbers of the objects. The tables used in the initial stage for object traceability are as follows:

UnknownObject (RFIDID, DevicelD, Datetime)
RFIDMove (RFIDID, DevicelD, Datetime, Transmission)
ObjectMove (ObjectID, PlacelD, Datetime)

If “RFIDID” and “DevicelD” data sent to the database do not belong to a previously defined object, the sent data
are recorded in “UnknownObject” table, whose data is stored for a short time. If these data belong to defined
objects, they are recorded in the “RFIDMove” table, whose data are stored for longer time than previous table.
The “UnknownObject” table is used to introduce a new device or a new RFID tag for the first time. Occasionally,
an unwanted RFID tag can be read and added to this table. After this step, it is queried whether the previous
record of reached RFID tag number (RFIDID value) is read from the same device. “Transmission” value of the
data read from the same device in the “RFIDMove” table becomes "False". If the last record for this label
identification number does not belong to the same device, its “Transmission” value returns "True" and the
location, time, and object number that match these data are saved in the “ObjectTrack” table. If the value is
“False”, no action is taken because this match suggests that there is no change in the object location. RFIDMove
table records which is older than one month is deleted. So this algorithm (Figure 2) reduces data volume.
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RFIDID, DevicelD, Time

. False
) kRec’ord IE. § Are RFIDID and
Un mgg?eo ject DevicelD defined?

|

Delete records older
than one week

s the last RFIDID record
with the same
DevicelD?

True

h A

Record matching object Record in "REIDMove"
numbers "t‘ ;ClijectTrack" as Transmission=False
able

Record in "RFIDMove"
as Transmission=True

!

Delete records older |
than one month

Stop

b4

Figure 2. Flowchart for reduction and transmission of tracking data

After this stage, the tracked object can be queried for some reasons like door opening permissions or machine
operation permissions. Since query authorizations are done within triggers in databases, permissions can be
resulted in a much shorter time than one second after the data is sent.

“RFIDID” and “DevicelD” data detected from the system are matched instantly with “ObjectID” and “PlacelD“
using triggers, and these matching data are added to the “ObjectMove” table. Therefore, it is not a problem to
change the "ObjectID" which the "RFIDID" matches, or the "LocationID" which the "DevicelD" matches.
Moreover in practice these changes are often made. These changes can occur for many reasons, such as giving
the same RFID tag to another product because of being discarded or sold.

4. Data Transformation Algorithms for Object Tracking

Data in RFID applications is dynamic. Since these data indicate the state of the instant readings, data conversion
is needed for analysis [16]. In this study, “ObjectMove” tables matching with tracking records are going through
transformation processes. In order to query these high volume data instantly, view structures were used. As itis
known, view structures do not hold data, they are mostly used for visual purposes. In this study, a high amount of
data was processed step by step with view structures and so desired structure was reached.

Data from the RFID reader and subsequently processed into the “ObjectTrack” table may not be in accordance
with the time sequence. Even time data of the same object may not be sequential for different reasons, such as
power failures. In addition, this data does not show how long the object is in one place and where it is seen
afterwards. To deal with these problems, a gradual data transformation was performed using the “view”
structures in the database. The "ObjectMove" table can be converted to the "ObjectMoveView" , which is required
for quick retrieval of reports, by using 6 view steps.
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ObjectMove(ObjectlID, PlacelD, Datetime) = ObjectMoveView(ObjectID, StartDatetime, EndDatetime, Time_min,
PlacelD)

The views used for this conversion are as follows.

View1: By extracting the first record of each object, object and time data are obtained.
Create view [dbo].[WithoutFirstObjMoveView]
as
select ObjectID, Datetime from ObjectMove o
except
select ObjectID, convert(datetime,min(Datetime)) as Datetime from ObjectMove group by ObjectID

View2: For each record obtained in View1, the nearest historical record with the same object number in this
view is found. These records are combined to obtain a view of the object ID, start time and end time data.

Create view [dbo].[TimelntervalView]

as

select i.0bjectID, (select max(p.Datetime) as j from ObjectMove p

where p.ObjectID=i.0bjectID and p.Datetime <i.Datetime) as StartDatetime, i.Datetime as EndDatetime

from

WithoutFirstObjMoveView i

View3: By matching “View2” and “ObjectMove” table, places are found. Then these places are added into View2”.
In addition, the time between the end time and the start time is calculated for each record.

Create view [dbo].[ObjectMoveTimeView]

as

select z.0bjectID, p.PlacelD, z.StartDatetime, z.EndDatetime, convert(int,

datediff(second,z.StartDatetime,z.EndDatetime)) as [Time_sec]

from TimelntervalView z

join ObjectMove p

on z.0bjectID=p.ObjectID and p.Datetime =z.StartDatetime

View 4: The last time record is found for each object.
Create view [dbo].[ObjectMoveLastDatetimeView]
as
select max(Datetime) as LastDatetime, ObjectID from ObjectMove group by ObjectID

View 5: Place data is added to the previous view.
Create view [dbo].[InstantObjectPlaceView]
as
select distinct v.ObjectID, ph.PlacelD, v.LastDatetime
from ObjectMoveLastDatetimeView v
join ObjectMove ph
on
ph.Datetime=v. LastDatetime

View6: The last place and time of the objects are added and the time and place of the movements of the whole
time period are displayed.
Create VIEW [dbo].[ObjectMoveView]

AS
Select  0.0bjectID, o.StartDatetime, o.EndDatetime, [Time_sec]/60 as Time_min, o.PlacelD
FROM dbo. ObjectMoveTimeView o

Union
Select a.ObjectlD, convert(SmallDatetime, a.LastDatetime), convert (SmallDatetime, getdate()),
convert(bigint,datediff(minute,a. LastDatetime,getdate())), a. PlacelD
FROM DBO.InstantObjectPlaceView a

The data types in the “ObjectMove” table and the views derived from this table were selected to use the smallest

amount of memory in order to increase processing speed and reduce the memory usage. Therefore, “ObjectID”
and “DevicelD” should be defined as integers.
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5. Main Reports from Object Tracking Algorithms

"What reports are needed to measure staff movements" were asked to human resource and production
department officials in the food factory. In this context, the reports that are thought to be most needed are as
follows:
e Instant query of object’s places.
Select ObjectID, PlacelD, max(StartDatetime), EndDatetime from ObjectMoveView
where (PlacelD =@0bjectID or @ObjectID=0)

e  Getting place history of an object between two datetimes.
Select ObjectID, PlacelD, StartDatetime, EndDatetime from ObjectMoveView
where StartDatetime>=@qStart and EndDatetime<= @gEnd and (PNo=@ObjectID or @ObjectID=0)

e Distribution of total time of objects according to places between two datetimes.
Select ObjectID, PlacelD, sum([Time_min]/60) as Hour from ObjectMoveView
where StartDatetime>=@qStart and EndDatetime<= @qEnd and (PNo=@0bjectID or @ObjectID=0)
group by ObjectID, PlacelD

6. Relative Time Algorithms

Relative time algorithms compare two time intervals whose have common points. This can be the comparison of
the time intervals between two objects or an object time interval can be compared with a plan.

Proposed relative time algorithms were given by drawing the general framework only, because the conditions in
the relative calculations of the objects may vary depending on the need. As an example of relative computational
comparisons of objects can be given a refrigerant which is switched on and off, and the time of an object which is
carried from this refrigerant to another area. Another example can be the machine’s working time intervals
comparison with operators work time intervals at the machine.

These algorithms compare the start and end times with each other and make judgments about how objects
behave according to the result obtained. While making comparisons, measured time was called as object time
and the other time was called as plan time to understand easily.

Planned Time Interval
StartDat%Time En%DateTi|ﬂe

e
& 0O

StartDateTime EndDateTime
Object Time Interval

Figure 3. Comparasion between two time intervals

Comparison: Is the object tracking start time less than or equal to the plan start time?
Comparison: Is the object tracking start time smaller than the plan finish time?
Comparison: Is the object tracking end time smaller than the plan start time?
Comparison: Is the object tracking end time smaller than the plan end time?

BN

Tablo 1. Classificafication based on comparisons
Comparisons

1. 2. 3. 4.
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Irrelevant Movement Before Plan 1 1 1 1
Early Start and Early End 1 1 0 1
Early Start and Late End 1 1 0 0
Late Start and Early End 0 1 0 1
Late start and late finish 0 1 0 O

Irrelevant Movement After ThePlan 0 0 0 0

Traceability of employees is based on time intervals and location. So, the common points in the case study are
locations. In the case study, how much the employees fit into working hours was measured. In practice, these
plans were prepared periodically. So, it was tried to measure how well the employees act according to the
periodical plans. The view structures were used to collectively observe how much the plan was complied with in
the case study. It is often necessary to add customizations to these comparisons. For example, an employee can
reach his department one minute before the planned time or one hour before. Although both of them are
classified under “early started" group, their affects are different actually.

Discussion and Conclusion

With Industry 4.0, it is expected that the human factor in the industry will reduce, inter-object communication
will increase and control decisions are taken by the objects. Accordingly, monitoring of objects and evaluation of
object movements will become widespread in the future. Regardless of what technology is used, a tracking event
is the result of the tracking object, the tracked object, and the interaction between the two. Therefore, similar
algorithms can be utilized in object tracking events. In this study, how to track objects and what reports can be
obtained by using “tracked object”, “tracker object” and “time” data are presented. An algorithm was proposed
using flowchart to reduce data volume with triggers. The data obtained using technological equipment were
processed to get requested reports quickly. The final data structure was achieved by six steps with the proposed
view structures. Hence, the final data structure can be used to get the desired reports and the relative time
calculations. Relative time calculations between objects are presented to measure how effectively the objects act.
Relative time algorithms can be used by making necessary customizations for calculation of delays, disruptions
and incompatibilities. Thus, an infrastructure that can be used as a model for future object tracking studies was
prepared. In the future, studies should be carried out in order not to harm the living and nature when these
systems are used. Therefore, more detailed studies should be carried out for the side effects of monitoring
systems and possible damages should be considered as much as the costs of the systems.
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Anahtar Kelimeler 0z: Son yillarda saglik alaninda yiiksek biitgeli yatirimlar ve koklii revizyonlar
Saghik hizmetlerinden yapilmistir. Yapilan bu kamusal harcamalarin toplum tarafindan ne derece
memnuniyet, memnuniyetle karsilandigi TUIK tarafindan yiiriitilen yasam memnuniyeti

Beta regresyon analizi, Bilgi

Kriterleri calismas1 ile belirlenmistir. TUIK illerde yasayan bireylerin kamunun saglk

hizmetlerinden memnuniyet oranlarini yayinlamistir. Bu c¢alismada, bireylerin
kamunun saglik hizmetlerinden memnuniyet diizeyi iizerinde etkisi olan
gostergelerin belirlenmesi amaglanmaktadir. illerin memnuniyet diizeyleri (0-1)
araliginda oldugundan, klasik en kiiciik kareler yaklasiminin kullanilmasi uygun
degildir. Literatiirde oran ve yiizde olarak deger alan bagimli degiskene sahip
regresyon modelleri i¢in Beta regresyon analizi kullanilmaktadir. Bu ytlizden bu
calismada Beta regresyon analizi kullanilmistir. Beta regresyon analizinde hangi
link fonksiyonunun tercih edilecegi bilgi kriterlerine dayanarak belirlenmistir.

The Determination of Factors Affecting Satisfaction Rate with Public Health Services via
Beta Regression

Keywords Abstract: In recent years, the high budget projects and major revisions are
Satisfaction of health performed in the health field. The extent of how these public expenditures are
services,

satisfied by society has been determined by the life satisfaction study conducted by
TurkStat. TurkStat published the Satisfaction rates with public health services of
people living in cities. In this study, it is aimed to determine indicators which affect
the Satisfaction level from the public health services of people. Because the
satisfaction levels of cities are in the interval (0,1), the using of ordinal least of
squares is not proper. In the literature, the beta regression analysis is used for the
regression models with the dependent variable which takes values as rate or
percentage. Therefore, in this study, the beta regression analysis is used. In beta
regression, it has been decided to which link function should use by using
information criteria.

Beta regression analysis,
Information Criteria

*lgili Yazar, email: hasan.bulut@omu.edu.tr
1. Giris

Ulkemizde son yillarda saghk alaninda énemli ilerlemeler gerceklestirilmektedir. Bu ilerlemelerle baglantilh
olarak saglik turizmi ile 6nemli bir gelir elde edilmektedir. Yurt disindan gelen hastalarin yam sira, iilke
nifusunun da artmasi ile her gecen yil saglik hizmeti alan birey sayis1 artmaktadir. Bu durum kamu ve 6zel
tesebbiisler vasitasiyla saglik sektoriindeki hizmetlerin siirekli iyilestirilmesini gerektirmektedir. Bu durum
saglik alaninda yapilan harcamalarin ve verilen hizmetlerin degerlendirilme ihtiyacini ortaya ¢ikarmaktadir.
Tiirkiye Istatistik Kurumunun (TUIK) gerceklestirdigi yasam memnuniyeti calismasinda [1] yer verdigi bir
gosterge bu calismanin temel problemini ortaya koymustur. TUIK bireylere kamunun saglik hizmetlerinden ne
derece memnun olduklarini sormus ve aldigl yanitlara gore illerin ilgili memnuniyet gostergesi bakimindan
memnuniyet oranlarini yayilamistir.

Ulkemizde Saglik hizmetlerinden memnuniyet ile ilgili literatirde ¢ok fazla ¢alisma olmasina ragmen, bu
calismalar genel olarak kiiciik capli ve spesifik konular lizerinde yogunlasmislardir. Bu ¢alismalardan bazilar1 bu

boliimde ele alinmistir. Siinter ve arkadaslari [2], Samsun il merkezinde bulunan 10 saglik ocagindan hizmet alan
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bireylerin aldiklar1 hizmetten memnuniyet diizeyleri ile ilgili bir anket ¢alismasi gerceklestirmislerdir. Tiikel ve
arkadaslari [3], Ankara Universitesi Ibn-i Sina Hastanesi'nde yatan hastalarin memnuniyet diizeylerini etkileyen
faktorleri belirlemek amaciyla 650 hastaya anket uygulamiglardir. Benzer calismalarda, Unalan ve arkadaslar
[4] Kayseri Devlet Hastanesi'nden, Ozcan ve arkadaslari [5] Silvan Devlet Hastanesi’'nden, Onsiiz ve arkadaslar:
[6] Marmara Universitesi Tip Fakiiltesi Hastanesi'nden, Demir ve arkadaslar [7] Firat Universitesi Tip Fakiiltesi
Goz Hastaliklari Ana Bilim Dali polikliniginden, Savas ve Bahar [8] Gaziantep Universitesi Tip Fakiiltesi
Hastanesi'nden, Tasliyan ve Akyiliz [9] Malatya Devlet Hastanesi'nden, Celikkalp ve arkadaslari [10] Tekirdag
Devlet Hastanesi’'nden, Biiber ve Baser [11] bir vakif tiniversitesi hastanesinden, Papatya ve arkadaslar1 [12] iki
0zel hastaneden, Tasliyan ve Gok [13] Kahramanmaras’taki kamu ve 6zel hastanelerden hizmet alan hastalarin
memnuniyetlerini incelemislerdir. Gegkil ve arkadaslar1 [14] Adiyaman il merkezinde hastalarin hemsirelik
bakimlarindan memnuniyetlerini ele almislardir. Goriildiigli iizere saglik hizmeti alan hastalarin memnuniyetleri
lizerinde ¢ok sayida ¢alisma vardir. Ancak bu ¢alismalar ¢ok dar kapsamda gerceklestirilen anket sonuglarinin
analizi ve yorumlanmasindan ibarettir.

Bu calismanin amaci, iilkemizde saglik hizmeti alan vatandaslarin aldiklar1 bu hizmetten memnuniyetini
etkileyen faktorleri belirlemektir. Bu amac icin TUIK tarafindan her bir il icin yaymlanan kamunun saglik
hizmetlerinden memnuniyet oranlarinin bagimh degisken olarak alindig: bir regresyon modeli kullanilmasina
karar verilmistir. Ancak iyi bilinmektedir ki, bagimli degiskenin (0, 1) arasinda degerler aldig1 veri yapilari icin
klasik en kiiciik kareler yerine Beta regresyon analizinin kullanilmasi gerekmektedir [15]. Bu nedenle, bu
calismada beta regresyon analizi kullanarak illerin kamusal saglik hizmetlerinden memnuniyet oranlarini
etkileyen faktorler tespit edilmistir.

Beta regresyon analizi ilgili uygulamalarda son yillarda yayginlasmaktadir. Burada sadece bu g¢alismada
yararlanilan calismalar tanitilmistir. Diinder ve arkadaslari [16] tilkelerin stokastik sinir analizi ile belirledikleri
istihdam etkinliklerini etkileyen faktérleri belirlemek amaciyla beta regresyon analizini kullanmislardir. Unlii ve
Aktas [17] TUIK tarafindan yayinlanan yasam memnuniyeti calismasinda yer alan mutluluk diizeylerini bagimli
degisken kabul ederek, bu mutluluk oranlarini etkileyen memnuniyet gostergelerini beta regresyon analizini
kullanarak belirlemislerdir. Benzer sekilde, Kog¢ [18] Tiirkiye’de bosanma oranlarin etkileyen faktorleri, Zaman
ve arkadaglar1 [19] ise iilkelere ait GINI katsayilarini etkileyen faktérleri belirlemek amaciyla beta regresyon
analizinden yararlanmislardir.

Dort boliimden olusan bu makalenin ikinci béliimiinde beta regresyon analizi tanitilmis, 3. Béliimde bulgulara ve
son boliimde ise sonuglara yer verilmistir.

2. Materyal ve Metot

Bu calismada kamunun saglik hizmetlerinden memnuniyet diizeyini etkileyen faktorleri belirlemek amaciyla
Beta regresyon analizi yontemi kullanilmistir. Beta regresyon analizi oran ya da yiizde seklinde tanimlanan
bagimh degiskenlerin bulundugu regresyon modellerini tahmin etmek icin Ferrari ve Cribari-Neto [15]
tarafindan gelistirilmistir. Beta dagiliminin olasilik yogunluk fonksiyonu (1)’de verildigi gibidir.

re+q

- myp-lu -y o<y<1 (1)

fip,q@)

Burada p,q >0 ve I'(.) gamma fonksiyonudur. Ferrari ve Cribari-Neto [15] (1) ile verilen yogunluk
fonksiyonunda Esitlik (2)’de verilen doniisiime dayanarak elde ettigi 4 ve ¢ parametrelerini kullanmay:
onermisler ve (3)’de verilen yogunluk fonksiyonunu elde etmislerdir.

__ P _
u—p+q,¢—p+q (2)
foin ) = r¢) HP=1(1 — )Pl g <y < 1 3)

rCep)r((1-mwe)”

Burada p ortalama parametresi (0 < u < 1) ve ¢ (¢p > 0) sagilim parametresidir.

V1, V2, -, Vo bagimsiz ve (3) ile verilen yogunluk fonksiyonuna sahip rastgele bir 6rneklem olsun. Beta regresyon
modeli (4)’de verildigi gibi yazilir.
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m

gue) = z xtjBj (4)

j=1

Burada B; (j =1,2,..,m) modeldeki bilinmeyen parametreler, x; (j =1,2,..,m) modeldeki bagimsiz
degiskenler ve g(.) link fonksiyonunu ifade etmektedir [15].

Beta regresyon analizinde farkli link fonksiyonlarinin kullanilmasi ile farkli sonuglar elde edilebilmektedir. Bu
amagla logit, probit, log, loglog, cloglog ve cauchit fonksiyonlar1 kullanilmaktadir. Uygulamada kullanilan veri
setine en iyi uyan link fonksiyonunu belirlemek amaciyla bilgi kriterleri kullanilabilmektedir. Bu ¢alismada soz
konusu amag icin Akaike bilgi kriteri (AIC) [21] ve Bayes bilgi kriteri (BIC) [22] kullanilmistir. Bu bilgi
kriterlerinin degerleri asagidaki gibi hesaplanmaktadir ve s6z konusu bilgi kriteri bakimindan en disiik degeri
alan modelin en basarili model olduguna karar verilmektedir.

AIC = —2logL( M) + 2m (5)
BIC = —2logL( M) + mlog(n) (6)

Beta regresyon analizi ile ilgili uygulamalarda R programinda bulunan “betareg” paketinden yararlanilmistir
[20].

3. Bulgular

Bu c¢alismada kullamilan veri setinin bir kismi Tiirkiye Istatistik Kurumu (TUIK) tarafindan 2015 yilinda
gerceklestirilen ve sonuglar1 2016 yilindan yayinlanan Yasam memnuniyet endeksi calismasindan [1] ve kalan
kismi da yine TUIK web sitesinden [23] temin edilmistir. Calismada kullanilan degiskenler Tablo 1’'de verilmistir.
Tablo 1’e gore bagimli degisken olarak Kamunun saglik hizmetlerinden memnuniyet orani alinmistir. Bu
degisken 0-1 araliginda deger aldigindan dolayi, bu veri seti icin klasik lineer regresyon analizi kullanilmasi
uygun degildir. Bu nedenle ¢alismada kamunun saglik hizmetlerinden memnuniyet orani lizerinde etkisi olan
degiskenleri belirlemek icin Beta regresyon analizi kullanilmistir.

Tablo 1. Calismada kullanilan degiskenler

Kod Degisken
Y Kamunun saglik hizmetlerinden memnuniyet orani
X4 Bebek 6liim hiz1
X2 Dogusta beklenen yasam siiresi
X3 Hekim basina dlisen miiracaat sayisi
X4 Sagligindan memnuniyet orani
X5 PM10 istasyon degerleri ortalamasi (hava kirliligi)
Xe Atik hizmeti verilen niifusun orani
X5 Kanalizasyon ve sebeke suyuna erisim orani
Xg 15-49 yas aras1 bin kadin basina canli dogum sayisi
Xq Yiiz bin kisiye diisen hastane yatak sayisi
X10 On bin kisiye diisen hekim sayisi
X11 On bin kisiye diisen dis¢i sayis1
X12 On bin kisiye dilisen eczaci sayis1

Daha 6nce belirtildigi gibi Beta regresyon analizinde farkli link fonksiyonlar: kullanilabilmektedir. Tablo 1'de
tanitilan veri seti icin hangi link fonksiyonunun daha basarili olacagini belirlemek amaciyla bilgi kriterleri
kullanilmistir. Elde edilen bilgi kriteri degerleri Tablo 2’de verilmistir. Tablo 2’ye goére veri setine en iyi uyan
model, “cloglog” link fonksiyonunu kullanmaktadir.

Tablo 2. En iyi modelin Se¢imi

Link Fonksiyonu AIC BIC
Logit -250.633  -217.111
Probit -251.138 -217.616

Cloglog -251.413* -217.891*
Cauchit -248.905 -215.383
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Log -251.052  -217.529
Loglog -250.633  -217.111

En iyi modele gore elde edilen katsayilar Tablo 3’de verilmistir. Tablo 3’e gore kamunun saglik hizmetlerinden
memnuniyet orani tlzerinde istatistiksel olarak onemli bir etkiye sahip olan gdstergeler “Sagligindan
memnuniyet oran1”, “Atik hizmeti verilen niifusun oran1”, “Kanalizasyon ve sebeke suyuna erisim orani”, “15-49
yas arasl bin kadin basima canli dogum sayisi (Yasa 6zel dogurganlik orani)”, “Yiiz bin kisiye diisen hastane yatak

sayist”, “On bin kisiye diisen disci sayis1” ve On bin kisiye diisen eczaci sayisi olarak belirlenmisgtir.

»n o«

Tablo 3. En iyi modele ait katsayilar

Katsayilar Tahmin Degerleri Std. Hata Z P degeri Karar

Sabit -6.26E+00 1.66E+00 -3.775 1.60E-04 ok
x1 -9.08E-03 5.96E-03 -1.524 0.127

X2 1.92E-02 1.75E-02 1.101 0.271
X3 2.95E-06 2.05E-05 0.144 0.886
x4 2.12E-02 3.91E-03 5.428 0.000 ok
x5 1.87E-04 7.96E-04 0.235 0.814
X6 4.11E-02 1.39E-02 2951 0.003 x
x7 -4.44E-02 1.51E-02 -2.952 0.003 ok
x8 3.95E-03 1.14E-03 3.478 0.001 ok
X9 5.11E-04 2.81E-04 1.823 0.068

x10 -5.52E-03 8.71E-03 -0.633 0.526

x11 -9.18E-02 3.03E-02 -3.034 0.002 x
x12 6.71E-02 2.84E-02 2.361 0.018 *

**%:.0699.9, **: %99, *: %95, . : %90 giiven diizeyinde anlaml gosterge

4. Tartisma ve Sonug

Sosyal bir devlet anlayisina sahip olan iilkemizde, gelisen teknoloji ve imkanlara dayanarak vatandaslarin saglik
alaninda kaliteli ve hizli hizmet almas1 beklenmektedir. Hizli bir sekilde artan niifusa karsilik, son yillarda
ilkemizde ¢ok sayida kamu ve 06zel hastane a¢ilmistir. Bu calismada s6z konusu alanda, kamu tarafindan
vatandaslara verilen saglik hizmetlerinden, vatandaslarin memnuniyet diizeyi izerinde etkisi olan gostergelerin
belirlenmesi amag¢lanmistir. Boylece illerde kamunun saglik hizmetlerinden memnuniyet oranlarinin bagimli
degisken olarak alindig1 bir regresyon modeli kurulmustur. Ancak s6z konusu memnuniyet oranlar1 (0,1)
arasinda degerler aldigindan dolay1 klasik en kiiciik kareler yaklasiminin kullanilmasi uygun degildir. Bu nedenle
bu ¢alismada s6z konusu regresyon modeli i¢in Beta regresyon analizi kullanilmistir. Elde edilen sonuglara goére
kamunun saglik hizmetleri iizerinde 7 gdstergenin istatistiksel olarak 6nemli bir etkiye sahip oldugu tespit
edilmistir. Bu gostergelerden olumlu etkiye sahip olanlar “Sagligindan memnuniyet orami“, “Atik hizmeti verilen
niifusun orani”, “15-49 yas arasi bin kadin basina canli dogum sayis1 (Yasa 6zel dogurganhk orani)”, “Yiiz bin
kisiye diisen hastane yatak sayisi”, “On bin kisiye diisen eczaci sayis1” olarak belirlenmistir. Buna gore bu
gostergeler bakimindan illerin aldiklar1 degerler arttik¢ca, kamunun saglik hizmetlerinden memnuniyet oranlari
da artacaktir. Diger taraftan olumsuz etkiye sahip gostergeler “Kanalizasyon ve sebeke suyuna erisim oran1” ve
“On bin kisiye diisen disci sayis1” olarak belirlenmistir.
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0z: Bu cahsmada F smifi ucucu kil tabanhi geopolimer harglara diatomit
ikamesinin etkileri arastirllmistir. Diatomit ikameli geopolimer harclarin 1s1
iletkenlik katsayisi, ultrasonik gecis hizi, yarmada ¢ekme dayanimi ve birim agirlik
ozellikleri incelenmistir. Ayrica geopolimer hamurlarin mikro yapisi iizerinde
FESEM incelemeleri yapilmistir. Calismada {retilen numunelerde agirlik¢a
su/baglayici orani 0,31 ve kum/baglayici orani 3,0 olarak belirlenmistir. Aktivator
olarak sodyum hidroksit (NaOH) se¢ilmis olup, baglayic1 malzemeye gore agirlik¢a
%10 oraninda Na* icerecek sekilde kullanilmistir. Karisimlarin hazirlanmasinda
ugucu kiile agirlikca %1, %2, %3, %4 ve %5 oranlarinda diatomit ikame edilmistir.
Uretilen geopolimer harglar 90°C sicaklikta 24 saat sicakhik kiiriine tabii
tutulmustur. Sonu¢ olarak %1, %2, %3 oraninda diatomit ikamesi, referans
numuneye gore daha bosluksuz yapida geopolimer olusumunu saglarken, %4 ve %
5 oraninda diatomit ikamesi daha bosluklu yap1 olusumuna sebep olmustur. Buna
paralel olarak en diisiik 1s1 iletkenlik katsayisi % 5 oraninda diatomit ikamesi ile
elde edilirken, en yliksek yarma dayanimi sonucu da %3 oraninda diatomit ikamesi
ile elde edilmistir. Ayrica diatomit ikameli geopolimer harg¢larda 1s1 iletkenlik
katsayisi ile ultrasonik geg¢is hiz1 (R=0,9275), yarma dayanimi (R=0,9645) ve birim
agirbk degeri (R=0,9327) arasinda yiliksek oranda dogrusal iliski oldugu
sonucuna ulasiimistir.

The Effect of Diatomite Addition on Fly Ash Based Geopolymer Mortars on Thermal

Conductivity Values

Keywords
Geopolymer mortar
Fly ash

Diatomite

Thermal conductivity
Heat curing

Abstract: In this study, the effects of diatomite addition on F class fly ash based
geopolymer mortars were investigated. Thermal conductivity coefficient,
ultrasound transmission rate, split tensile strength and unit weight properties of
diatomite addition geopolymer mortars were investigated. In addition, FESEM
examinations were made on the microstructure of geopolymer paste. In the
samples produced in the study, the water / binder ratio by weight was determined
as 0.31 and the sand / binder ratio as 3.0. Sodium hydroxide (NaOH) was selected
as the activator and used to contain 10 % by weight of Na* relative to the binder
material. Diatomite was replaced with binder by weight basis at the rations of 1%,
2%, 3%, 4% and 5% in the mixtures. The produced geopolymer mortars were head
cured at 90°C in a furnace for 24 hours. As a result, diatomite addition at the rate of
1%, 2%, 3% provided the formation of a more compact geopolymer, while the
diatomite substitution at 4% and 5% caused a more porous structure. In parallel,
the lowest thermal conductivity coefficient was obtained with 5% diatomite
addition, while the highest splitting strength was obtained with 3% diatomite
substitution. In addition, it has been concluded that there is a high linear
relationship between thermal conductivity coefficient and ultrasonic transmission
speed (R = 0.9275), splitting strength (R = 0.9645) and unit weight (R = 0.9327) in
diatomite addition geopolymer mortars.

*lgili Yazar, email: serhan@erciyes.edu.tr

1. Giris

Betona talep giderek artmasina ragmen betonun hammaddesi olan ¢imentonun iiretimi, ¢evre Kkirliligini
artirmakta ve ¢imentonun hammaddesi olan kalkeri azaltmaktadir [1]. Cimento iretilirken biylik miktarda
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enerji ve hammaddeye ihtiya¢ duyulmaktadir. Ayrica ¢cimento liretimi esnasinda %5-8 oraninda atmosfere sera
gaz1 salinimi yapilmaktadir [2-4]. Klinker icermeyen ¢imento liretmek ya da kullanilan ¢imentoya mineral katki
malzemeleri kullanmak insaat sektoriinde CO salinimini azaltmak i¢in uygulanan yéntemlerden bazilaridir [5-7].
Bunlarin disinda geopolimer sistemler yiiksek basing mukavemeti, yliksek sicakliga dayanimi ve disiik biiziilme
ozellikleri ile Portland ¢cimentosuna alternatif olarak goriilmektedir [8]. Geopolimerler ii¢ boyutlu aliimina-silikat
esash bir baglayic1 olarak ilk defa Davidovits tarafindan tanimlanmistir. Geopolimerler kati haldeki aliimina-
silikat ve yiiksek konsantrasyondaki sivi alkali hidroksit veya silikat ¢ozeltisinin reaksiyonu ile olusmaktadir.
Aliimina-silikatlar giiclii alkali ¢cozeltilerde hizlica ¢oziilerek serbest SiO, ve AlO, tetrahedral yapilarini olusturur,
reaksiyonun ilerlemesi ile SiO, ve AlO, tetrahedral yapilari oksijen (0) atomlari ile bag kurarak polimerik Si-0-Al
bagini olusturur. Geopolimerlerdeki bu reaksiyon polikondansasyon sonucu gerceklesmekte ve
geopolimerizasyon olarak tanimlanmaktadir [9,10].

Geopolimer iiretiminde ugucu kiil, graniile yiiksek firin ciirufu, piring kabugu kiilg, silis dumani vb. endiistriyel
atiklarin kullanimi daha 6nceki ¢alismalarda arastirilmistir [11]. Arastirmacilar termik santrallerde kémiiriin
yanmasl ile elde edilen, bir yan iiriin olan ugucu kiilii geopolimer ¢alismalarinda kullanmislardir [12-16]. Ugucu
kiiliin ana bilesenleri amorf silika ve aliimindir. Kiiresel yapiya sahip olan ve islenebilirligi iyilestiren ugucu kiil
geopolimer lretimi i¢cin uygun sekil ve boyuttadir [17]. Ayrica ugucu kiil tabanli geopolimer sistemlere yiiksek
oranda silis iceren farkli malzemelerin ikame edilmesi daha 6nce yapilan ¢alismalar arasinda yer almaktadir.
Yiiksek oranda silis iceren nano veya mikro boyuttaki malzemelerin geopolimer harglarin dayanim ve durabilite
ozelliklerine etkileri 6nceki ¢calismalarda arastirilmistir [18-21]. Bunlardan farkl olarak yapisinda yiiksek oranda
silis ihtiva eden diatomit, tek hiicreli organizmalar olan diatomlarin silisli iskelet kalintilardan olusmaktadir.
Diatomit yapisinda aliimina, demir oksit ve silika gibi daha bircok mineral icermektedir. G6zenekli yapisi, diisiik
maliyeti ve yiiksek oranda silis icermesi gibi bir¢ok avantajlara sahiptir. Ayrica, seramik imalatinda, 1s1
yalititminda ve agir metal iyonlarin giderilmesinde kullanilmaktadir [22, 24].

Thammarang vd. yapmis olduklar1 calismada geopolimer numuneler iiretirken metakaoline agirlik¢a %5, %10,
%15, %20 ve %25 oraninda diatomit ikamesi yapmislardir. NaOH ve Na,SiOz c¢ozeltisi ile aktive edilen
geopolimerler 1.5x1.5x1.5 cm’lik kiip numunelerde iiretilmis olup faz olusumlari incelenmistir. Geopolimerlerin
faz olusumu XRD ve mikro yapilar1 SEM kullanilarak arastirilmistir. 3, 7, 14, 21 ve 28 giin oda sicakliginda kiir
uygulanan geopolimer numunelerin basing dayanimlarina bakildiginda agirlik¢a %5 ile %10 araliginda diatomit
iceren numunelerde diatomit miktar1 arttikca basing dayaniminin azaldigr goriilmistiir. Bunun sebebi ise
numunede yiiksek miktarda Si iceren diatomitin dozajinin fazla olmas ile agiklanmistir. OH- iyonlarinin Al*3
iyonlarini tam olarak ¢6zmede yetersiz kalmasi ve numunede zayiflayan artik hammadde birakmasiyla basing
dayanimini disiirdiigii rapor edilmistir [25]. Ayrica Tokay vd. bir diger yliksek gozeneklilige sahip vermikiiliti
geopolimer sistemlerde kullanmiglardir. Yapilan ¢alismada ytliksek gozeneklilige sahip vermikiilit ugucu kiil
tabanli geopolimere ikame edilerek, geopolimer harg¢larin 1s1 yalitimi artirilmistir. Vermikiilit kullanarak hafif, 1s1
ve ses yalitimli geopolimer harg iiretilen ¢alisma sonucunda; ultrasonik gecis hiz degerlerini 1,84-3,0 km/s ve 1s1l
iletkenlik katsayis1 degerlerini 0,373-0,794 W/mk arasinda elde etmislerdir. Numunelerde bosluk orani arttikca
basin¢ dayanimlarinda azalmalar gézlemlenmistir. Molarite arttikca geopolimer harcin bosluk oraninin azaldig:
boylece ultrasonik ge¢is hizinin da arttig1 belirtilmistir. Vermikiilit orani yliksek olan numunelerin 1s1l iletkenlik
katsayilari diisiik ¢ikmistir. Bunun sebebi ise vermikiilit ikameli geopolimer harglarin birim hacim agirliklarinin
daha diisiik oldugu, daha bosluklu ve hafif bir yap1 meydana getirerek 1s1 iletkenlik katsay1 degerini azalttig
belirtilmistir [26] .

Bu ¢alismada, geopolimer sistemlerde kisitli ¢calisma alani bulunan yiiksek gézeneklilige sahip ve yiiksek oranda
silis iceren diatomitin F sinifi ugucu kiile ikamesi arastirilmistir. Ana baglayici olarak ugucu kiil, ikame malzemesi
olarak diatomit ve alkali aktivatér olarak NaOH kullanilip, geopolimer har¢ numuneleri iiretilmistir. Uretilen
diatomitli geopolimer harclarin ultrasonik gecis hizina, 1s1 iletkenlik 6zelliklerine, yarmada ¢ekme dayanimina ve
birim agirliklarina etkileri incelenmis olup geopolimer hamurlar tizerinde FESEM goriintiilemesi yapilarak mikro
yapisl incelenmistir.

2. Materyal ve Metot

2.1.Ucucu kiil ve diatomit

Bu c¢alismada, Zonguldak Catalagzi Termik Santrali F simifi ucucu kiilli kullamilmistir. Ugucu kil tabanh
geopolimer harca ikame edilmek tizere kullanilan diatomit ise Kayseri Hirka diatomit yatagindan temin
edilmistir. Baglayic olarak kullanilan malzemelerin fiziksel ve kimyasal 6zellikleri Erciyes Universitesi Teknoloji
Arastirma ve Uygulama Merkezi (TAUM) tarafindan belirlenmistir. Baglayici malzemelerin fiziksel ve kimyasal
ozellikleri Tablo 1’ de, FESEM goriintiileri Sekil 1’de ve minerolojik yapisina ait XRD grafikleri Sekil 2’ de
verilmistir.
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Tablo 1.Ugucu kiil ve diatomitin kimyasal kompozisyonu ve fiziksel 6zellikleri

Ugucu Kiil Esash Geopolimer Harglara Diatomit ikamesinin Isi iletkenlige Etkisi

Kimyasal Kompozisyon | Ucgucu Kiil | Diatomit
Si0z (%) 51,70 73,60
Alz203 (%) 26,10 4,65
Fe203 (%) 6,90 2,72
Si0z2 + Alz03 + Fe203 2 %70 84,7 80,97
K20 (%) 4,55 0,26
Naz0 (%) 0,64 0,46
MgO (%) 1,69 1,03
Ca0 (%) 2,75 2,38

Kizdirma Kaybi (%) 4,40 7,4

Yogunluk (kg/m?) 2,13 1,32
BET Yiizey Alani (m2/g) 1,75 42,74

Sekil 1. a) Ucucu kiil dis goriiniimii b) Ugucu kiil 20000 Kez bﬁyﬁtﬁlmﬁs FESEﬁgérﬁntﬁsﬁ,

c¢) Diatomit dis goriiniimii d) Diatomit 20000 kez biiyiitiilmiis FESEM goriintiist

a) b)

7000 5000

6000 4000

5000 |

4000 3000 q 1

3000 2000

2000 +

1000 ks 1000

0 T 1 O T 1

50 100 0 50 100

Sekil 2. XRD grafikleri a)Ucucu kiil ,b)Diatomit

314




Ugucu Kiil Esash Geopolimer Harglara Diatomit ikamesinin Is1 fletkenlige Etkisi

2.2.Standart kum

Calismada iiretilen geopolimer har¢larda TS EN 196-1'e [27] uygun CEN standart kumu kullanilmistir. Kullanilan
standart kumun elek analizi sonuglari ve TS EN 196-1 sinir degerleri Tablo 2’de verilmistir.

Tablo 2. CEN standart kumu elek analizi ve simir degerleri

Ozellik Elek Cap1 (mm)

2,00 | 1,60 | 1,00 | 0,50 | 0,16 | 0,08
Elek Ustii Kalan (%) 00 |70 |345 [710 |865 |995
TS EN 196-1 Sinir Degerleri (%) | 0 7+5 | 3345 | 6745 | 8745 | 99+1

2.3.Aktivator

Calismada alkali aktivator olarak %97’den yiiksek saflikta olan NaOH kullanilmistir. Tablo 3’de alkali aktivatdriin
kimyasal bilesimi verilmistir.

Tablo 3. Alkali aktivatdr kimyasal bilesimi

NaOH | NaxCOs | Cl Al Fe S04
(%) | (%) (%) | (%) (%) (%)
297 | =<1 <0.01 | <0.002 | <0.002 | <0.01

2.4.5u

Geopolimer har¢ karisimlarinda sehir sebekesinden alinan icilebilir musluk suyu kullanilmistir. TS EN 1008’de
karisim suyu olarak icilebilir sularin kullaniminin uygun oldugu belirtilmektedir [28].

2.5. Deneysel calismalar

Deneysel calismalarda tiretilen geopolimer kontrol har¢ numunelerinde F sinifi ugucu kiil, CEN standart kumu,
NaOH ve sebeke suyu kullanilmistir. Ugucu kiil tabanli geopolimer harca kiitlece baglayici oraninin %1, %2, %3,
%4 ve %5'i kadar diatomit ikamesi yapilmis ve toplam 6 grup har¢ karisimi hazirlanmistir. Aktivatér olarak
kullanilan NaOH'in ¢ozeltideki Na orani baglayici miktarinin kiitlece %10’u olacak sekilde ayarlanmistir.
Su/baglayici orani 0,31 ve kum/baglayici orani 3 olarak biitiin har¢ karisimlarinda sabit tutulmustur. Tablo 4’de
geopolimer harglarin karisim oranlan verilmistir. Uretilen har¢ gruplarinin tamamina 90°C sicaklhikta 24 saat
sicaklik kiirti uygulanmistir. Ayrica i¢ yapisi incelenecek olan ugucu kiil tabanli geopolimer hamurlara kiitlece
baglayici oraninin %1, %2, %3, %4 ve %5'i kadar diatomit ikamesi yapilmis ve yine toplam kontrol hamuruyla
birlikte 6 grup hamur karisimi hazirlanmistir. Hazirlanan hamur karisimlarinin su/baglayici oran1 0,31 olarak
sabit tutulmustur. Aktivator olarak kullanilan NaOH'in ¢6zeltideki Na orani baglayici miktarinin kiitlece %10’u
olacak sekilde kullanilmistir. Uretilen hamur numunelerin tamamina 90°C sicaklikta 24 saat sicaklik Kkiirii
uygulanmistir.

Tablo 4. Geopolimer harg¢larin karisim oranlari

Numune Adi U(;u(c;l) Kil Dla(t;)mlt K(lg)n NaOH (g) (Sgl;
DO 450 _ 1350 80 140
D1 445,5 4,5 1350 80 140
D2 441 9,0 1350 80 140
D3 436,5 13,5 1350 80 140
D4 432 18,0 1350 80 140
D5 4275 22,5 1350 80 140

2.5.1.Is1iletkenlik tayini

Calismada 15,5x14x4 cm boyutlarinda 90°C sicaklikta 24 saat etiivde kiir uygulanan kontrol ve %1, %2, %3, %4,
%5 oraninda diatomit ikamesi yapilan numunelerin 1s1l gecirimlilik katsayilar1 Sekil 3'de gdsterilen Thermest
markalit HFM-100 Heat Flow Meter modeli cihaz ile belirlenmistir.
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Sekil 3. Numunelerin 1s1 iletenlik katsayilarinin belirlenmesi

2.5.2. Ultrasonik atiml1 dalga hizinin tayini

Calismada 40x40x160 mm boyutlarinda 90°C sicaklikta 24 saat etiivde kiir stirelerini tamamlayan kontrol ve %1,
%2, %3, %4, %5 oraninda diatomit ikamesi yapilan numunelere ultrasonik atimli dalga hizlar1 TS 12504-4 [29]
standardina uygun olarak Sekil 4’de verilen Pundit (Portable Ultrasonic Non-destructive Digital Indicating
Tester) ad1 verilen Proceq marka cihaz ile belirlenmistir. Numunelerin ultrasonik atimli dalga hizi1 6l¢iimleri 160
mm'’lik boylar1 dogrultusunda yapilmistir. Her bir harg karisimi i¢in 3’er adet numune tizerinde ultrasonik atimh
dalga hizi testi 6l¢iimii yapilmis ve bu degerlerin ortalamasi alinmistir. Ultrasonik atimli dalga hizlar1 asagidaki
denklem (1) kullanilarak hesaplanmistir.

L
S 1

Burada;

V: Ultrasonik hiz, km/s
L: Gegis uzunlugu, mm
T: Gegis zamani, ps

r

-

Sekil 4. Ultrasonik atiml dalga hiz1 tayini

2.5.3.Yarmada ¢cekme dayanimi

15,5x14x4 cm boyutlarinda 90°C sicaklikta 24 saat etiivde kiir uygulanan referans ve %1, %2, %3, %4, %5
oraninda diatomit ikamesi yapilan numunelere TS 2824 [30] standardinda belirtilen sartlara uygun olarak Sekil
5’de gosterildigi gibi test uygulanmistir.
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Sekil 5. Geopolimer har¢lara yarmada ¢ekme deneyi uygulamasi

2.5.4.Birim agirhk

Geopolimer harclar 90°C’lik etiivde 24 saatlik sicaklik kiiriinii tamamladiktan sonra oda sicakligina gelinceye
kadar sogumasi beklenmistir. Numunelerin havadaki agirliklar1 Arsimet terazisinde tartilarak etiiv kurusu
agirliklar: belirlenmis ve numunelerin hacmine béliinerek birim agirlik degerleri hesaplanmistir.

2.5.5.FESEM goriintiisii

Calismada kontrol ve %1, %2, %3, %4, %5 oraninda diatomit ikamesi yapilan hamur numunelerin mikro yapilari
taramali elektron mikroskobu (FESEM) ile incelenmistir. 90°C sicaklikta 24 saat etiivde kiir edilen hamur
numunelerden 10-15 mm kirik yiizey pargalar alinmis ve altin paladyum kaplamas:i yapilarak Sekil 6’da
gosterilen Zeiss (GeminiSEM 500) marka cihaz kullanilarak kirik ytizey incelemesi yapilmistir.

Sekil 6. FESEM incelemeleri

3. Bulgular

Geopolimer numunelerin 1s1 iletkenlik katsayilar1 degerlendirildiginde %1, %2 ve %3 oraninda diatomit ikame
edilen harclarda(D1, D2 ve D3) 1s1 iletkenlik katsayilarinin referans numuneye(D0) gore arttigi, %4 ve %5
oraninda diatomit ikamesi yapilan harg¢larda (D4 ve D5) ise 1s1 iletkenlik katsayilarinin referans numuneye gore
azaldig Sekil 7’de gosterilmistir. % 5 oraninda diatomit ikamesi 1s1 iletkenlik katsayisini 0,4134 W/mk degerine
kadar dusiirmiis olup en fazla katkiyr saglamistir. % 4 ve %5 diatomit ikamesinin 1s1 iletkenlik katsayini
azaltmasi, hem diatomitin goézenekli yapisinin (BET yiizey alam 42,74 m?2/g)ucucu kiile (BET ytizey alam 1,75
m?/g) gore ¢ok fazla olmasiyla hem de fazla miktarda diatomitin topaklanmasinin geopolimer harglarda bosluklu
yapl olusumunu saglamasiyla aciklanabilir. Sekil 14’de FESEM goriintiilerinde gosterildigi tizere % 10 Na
konsantrasyonunda yeterli miktarda ¢éziinemeyen ve reaksiyona giremeyen diatomit taneleri bu bosluklu yapiy1
desteklemistir. %1, %2, % 3 oraninda diatomit ikamesinin %10 Na oraninda 90°C de 24 saat kiir edilmesi ile
yliksek oranda reaktif silis igeren diatomitin yapisindaki silisin ¢oziiliip NASH jelini destekledigi goriilmiistiir. Bu
sayede daha bosluksuz bir yap1 olusturmus olup 1s1 iletkenlik katsayisini referans numuneye gore artirmistir.
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0,8148
0,8
0,7114  0,7211
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0,6003
0,6 0,5364
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0,4134

0,4

Isi iletkenlik Katsayisi (W/mk)

0,3
0,2

0,1

0
DO D1 D2 D3 D4 D5
Karisim Kodu

Sekil 7.1s1 iletkenlik katsayisi degerleri

90°C sicaklikta 24 saat kiir edilen %1, %2, %3 oraninda diatomit ikamesi yapilan (D1, D2, D3)numunelerin
referans numunesine gore ultrasonik gecis hizlarinda artis oldugu, %4 ve %5 oraninda diatomit ikamesi
yapilan(D4, D5) numunelerin ise ultrasonik gecis hizlarinda azalma oldugu Sekil 8'de gosterilmistir. En ytiksek
ultrasonik gecis hiz1 (3,33km/s) ile%3 oraninda diatomit ikamesi yapilan numunede 6l¢iiliirken en diisiik
ultrasonik gecis hiz1 (2,65km/s) ile %5 oraninda diatomit ikamesi yapilan numunede dl¢tilmiistiir. % 3 oraninda
kadar ikame edilen diatomit 90°C sicaklik kiriinde ilk 24 saate kadar NASH jelini artirmis ve daha dolu bir
matris olusmasini saglamistir. Bir malzemenin ultrasonik gecis hiz1i o malzemenin bosluk yapisina bagh
olmasindan dolay literatiirde daha 6nce yapilan ¢alismalarda da bosluklu yapinin artmasi ile ultrasonik gecis
hizinin azaldig1 rapor edilmistir [31, 32].Daha 6nce ¢alisilan ¢imentolu sistemlerde de ultrasonik gegis hiz1 ile 1s1l
iletkenlik katsayisi arasinda gii¢lii bir iligki oldugu goriilmistiir [33, 34]. Ayrica geopolimer har¢ numunelerin 1s1
iletkenlik kat sayilar ile ultrasonik gecis hizi degerleri karsilastirildiginda yiiksek oranda dogrusal iliski (
R=0,9275) oldugu Sekil 9’da gdsterilmistir.
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Sekil 8.Ultrasonik gecis hiz1 degerleri
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Sekil 9.Diatomit ikameli har¢larda 1s1 iletkenlik ile ultrasonik gecis hiz1 arasindaki iliski

Geopolimer har¢ numunelerinin yarmada ¢cekme dayanimi sonuglari incelendiginde, %1, %2 ve %3 oraninda
diatomit ikamesinin yarmada ¢ekme dayanimini arttirdigi ancak %4 ve %5 oraninda diatomit ikamesinin
yarmada ¢ekme dayanimini diistirdiigii Sekil 10’da gosterilmisidir. En yiliksek yarmada ¢ekme dayanimi (1,89
MPa), %3 oraninda diatomit ikamesi iceren geopolimer har¢ numunesinde tespit edilmistir. Referans geopolimer
har¢ numunesine gore % 3 diatomit ikameli geopolimer harcin 1s1 iletkenlik katsayisinin daha ytiksek oldugu ve
ultrasonik gecis hizinin daha disiik oldugu 6nceki béliimlerde gosterilmistir. Bu yiizden daha bosluksuz daha
kompakt yapida olan % 3 diatomit ikameli geopolimer harcin yarma dayanimi en yiiksek ¢ikmistir. Bu durumun
aksine en fazla bosluklu yapiya sahip olan % 5 diatomit ikameli geopolimer harcin yarma dayanimi en diistik
(0,87 MPa) ¢ikmustir. Literatiirde daha 6énce yapilan % 1, %2, %3 oranlarinda diatomit ikame edilmis olan
geopolimer har¢ numunelerin 90°C de 24 ve 48 saat sicaklik kiirii uygulanmasi ile egilme ve basing
dayanimlarinin geopolimer kontrol numunesine gore arttig1 rapor edilmistir [35]. Bu yoniiyle ¢alisma literatiirle
uyumluluk gdstermektedir. Ayrica 1s1 iletkenlik katsayilar ile yarmada ¢ekme dayanimlari arasinda yiiksek
oranda dogrusal iliski (R=0,9645) oldugu Sekil 11’'de gosterilmistir.
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Sekil 10. Yarmada ¢ekme dayanimi degerleri
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Sekil 11. Diatomit ikameli har¢larda 1s1 iletkenlik ile yarmada ¢ekme dayanimi arasindaki iliski

Geopolimer har¢ numunelerin birim agirhik degerleri 1,94 ile 2,08 g/cm?® arasinda oldugu Sekil 12'de
gosterilmistir. Geopolimer har¢ numunelerin birim agirliklar kiyaslandiginda ¢ok carpici farklilik olmamistir.
Referans numuneye gore D1, D2, D3 kodlu numunelerin birim agirlik degerleri az miktarda artmistir. Bu artis
ucucu kiile gore yogunlugu daha az olan diatomitin ikamesi ile muhal goziikse de yiiksek oranda reaktif silis
iceren diatomitin geopolimer sistemde %3 oranina kadar daha fazla NASH jeli olusumu sagladig1 ve daha yogun
bir mikro yap1 olusturdugu ile agiklanabilir. D4 ve D5 kodlu numunelerin birim agirlik degerleri referans
numuneye gore azalmistir. % 3 den fazla oranda kullanilan diatomitin topaklanma yaptigl, geopolimer
reaksiyonu bloke ettigi, bu sebeple NASH jelini kisitladig1 ve daha bosluklu bir yapiya sebep oldugu ile izah
edilebilir. Ozellikle % 5 diatomit ikame edilmis geopolimer harglarda bu bosluklu yapinin en fazla oldugu
goriilmektedir. Ayrica 1s1 iletkenlik katsayilari ile birim agirlik degerleri karsilastirildiginda yiiksek oranda
dogrusal iliski (R=0,9327) bulundugu Sekil 13’de gosterilmistir. Birim agirlik degerinin azalmasi ile 1s1 iletkenlik
katsayisindaki diisiisler orantili olmustur.
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Sekil 12.Birim agirhik degerleri

320



Ugucu Kiil Esash Geopolimer Harglara Diatomit ikamesinin Isi iletkenlige Etkisi

0,9
0,8 L4
0,7

0,6 ®
y =2,4406x - 4,354

R*=0,9327

[ ]
0,5

0,4 ®
0,3

Isi iletkenlik Katsayisi (W/mk)

0,2
0,1

0
1,9 1,95 2 2,05 2,1 2,15

Birim Agirlik (g/cm3)
Sekil 13.Diatomit ikameli harglarda 1s1 iletkenlik ile birim agirhik arasindaki iliski

90°C sicaklikta 24 saat kiir edilen referans, %1, %2, %3, %4 ve %5 oraninda diatomit iceren numunelerin FESEM
goriintiileri 10000 kez biiyiitilerek incelenmistir. Sekil 14’de verilen FESEM goriintiileri incelendiginde DO
referans hamur numunesinde NASH jeli goriintilenmistir. D1 ve D2 har¢ numunelerinde gosterilen A, B
bolgelerinde NASH jeli yapisi daha yogun bir sekilde goriintiilenmistir. D3 hamur numunesinde C bolgesinde
referansa gore daha yogun jel yapisi gozlemlenirken D bolgesinde kismi topaklanmis diatomit tanecikleri de
goriintillenmektedir. Ugucu kiil taneciklerinin yani sira reaktif silis iceren diatomitin 90°C sicaklik kiirtinde alkali
ortamda bozularak NASH jelini destekledigi ve daha yogun bir hamur olusturdugu gériilmektedir. Optimum % 3
oraninda diatomitin NASH jeli reaksiyonlar1 en fazla destekledigi bosluklu yapiyr azalttigi diger deney
sonuclarinda gosterilmistir. Ayrica %4 ve %5 oraninda diatomit ikameli hamurlarda yogun bir sekilde
topaklanmis diatomit tanecikleri goriilmektedir. Bu topaklanmis ve reaksiyona girmeyen diatomit tanecikleri
NASH jelinin tstiinii kaplamis oldugu goriilmektedir. D4 ve D5 har¢ numunelerinde sirasiyla gosterilen E, G
bolgelerinde kisitlh NASH jeli gortntiilenirken F, H boélgelerinde yiliksek oranda topaklanmis diatomit taneleri
goriintiilenmistir. Ozellikle D5 geopolimer hamur numunesinin H bélgesinde yogun olarak topaklanmis diatomit
tanecikleri gérintiillenmistir.

a) DO Referans Hamur b) D1 % 1 Diatomitli Hamur c) D2 % 2 Diatomitli Hamur
‘& £ TRV, ; - - e A - o 5 7 " e o
wiit

e) D4 % 4 Diatomitli Hamur f) D5 % 5 Diatomitli Hamur
Sekil 14. 10000 kez biiytitiilmiis geopolimer hamur numunelerin FESEM goriintiileri
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4. Tartisma ve Sonug¢

Ugucu kiil tabanli geopolimer har¢lara diatomit ikamesinin 1s1l iletkenlik katsayisindaki degisimleri
incelendiginde %1, %2 ve %3 oraninda diatomit ikamesi yapilan har¢larda is1 iletkenlik katsayilarinin
arttigl, ancak daha bosluklu yapida olan %4 ve %5 oraninda diatomit ikamesi yapilan harglarda ise 1s1
iletkenlik katsayilarinin azaldig1 goériilmistiir.

Geopolimer numunelerin ultrasonik gecis hizlar1 degerlendirildiginde %1, %2, %3 oraninda diatomit ikamesi
yapilan numunelerde kontrol numunesine gére ultrasonik gecis hizlarinda artis gortilmistiir. Ancak bosluk
yapisinin arttigl %4 ve %5 oraninda diatomit ikamesi yapilan numunelerde ise ultrasonik gecis hizlarinda
azalma oldugu belirlenmistir.

Deney numunelerinin yarmada ¢ekme dayanimi sonuglar: incelendiginde %1, %2 ve %3 oraninda diatomit
ikamesi iceren numunelerde yarmada ¢ekme dayanimlarin arttig1 ancak %4 ve %5 oraninda diatomit ikamesi
iceren har¢larda ise yarmada ¢ekme dayanimlarinin diistiigii gorilmiistiir.

90°C sicaklikta 24 saat kiir edilen geopolimer numunelerin, birim agirliklar1 degerlendirildiginde referans, %1,
%?2 ve %3 oraninda diatomit ikamesi yapilan numunelerde birim agirliklarin ¢ok degismedigi ancak %4 ve %5
oraninda diatomit ikamesi yapilan numunelerde ise birim agirliklarin azaldig: tespit edilmistir.

FESEM goriintiileri incelendiginde ise diatomit ikamesi yapilan D1, D2, D3 numunelerinin kontrol numunesine
gore daha yogun, bosluksuz oldugu gorilmistiir. D4 ve D5 numunelerinde ise fazla miktarda diatomitin
topaklanma yaptig1 ve geopolimer sisteme blokaj yaptig1 goériintiillenmistir.

Tim veriler incelediginde 1s1l iletkenlik katsayisi ile birim agirlik, ultrasonik gecis hiz1 ve yarmada ¢ekme
dayanimi arasinda yiiksek oranda dogrusal iliski oldugu gorilmistiir. FESEM goriintiilemeleri de elde edilen
verileri destekler niteliktedir.
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Efficiency that all proposed exponential estimators are always more efficient than the ratio

estimators. In addition, these results are supported by an application with original
data sets.

Yardima Nitelige iliskin Bilgi Kullanilarak Kitle Ortalamasinin Ustel Tahmin
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Anahtar Kelimeler 0z: Bu makale, belli 6zellige sahip olan kitle orani hakkindaki bilgiyi kullanarak
Ustel Tamin Ediciler, ¢alisma degiskeninin ortalama tahmini i¢in 6nerilen tahmin edicileri birlestiren
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Hata Kareler Ortalama
Yardima Ozellik
Etkinlik

kareler ortalamasi (HKO) denklemleri elde edilmistir ve 6nerilen biitiin istel
tahmin edicilerin, oran tahmincilerinden her zaman daha verimli oldugu
gosterilmistir. Ek olarak, bu sonuglar orijinal veri setleri iceren bir uygulama
tarafindan desteklenmektedir.

*lgili Yazar, email: tolgazaman@karatekin.edu.tr
1. Introduction

There are many situation when auxiliary information is available in the form of attributes. For example sex is a
good auxiliary attribute while dealing with height, and the breed of a cow is a good auxiliary attribute while
estimating milk production [1], crop variety is used as an auxiliary attribute in estimating the yield of wheat [2],
etc. There are some recent studies on the estimators using the information of the auxiliary attribute in Literature,
such as, Shabbir and Gupta [3], Koyuncu [4], Malik and Singh [5], Zaman [6, 7] and Zaman and Kadilar [8]

The Naik and Gupta [1] estimator for the population mean Y of the variate of study, which make use of
information regarding the population proporiton posseessing certain attribute, is defined by

_ y
Yne = =P (1.1)
NG =

Let y; be ith characteristic of the population and ¢; is the case of possessing certain attributes. If ith unit has the
desired characteristic, it takes the value 1, if not then the value 0. That is;

b, = {1 , if ithunit of the population possesses attribute
7o, otherwise

where y the sample mean of the study variable and a = Y, ¢; be the the total count of the units that possess
certain attribute sample. p = % shows the ratio of these units and it is assumed that the population proportion P
of the form of attribute ¢ is known.
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The MSE of the Naik and Gupta [1] estimator is
= L= fcarra 2
MSE(Jng) = ——¥ (€2 = 2p,pCyC, + CF) (1.2)

where, f = %; N is the number of units in the population; C,, is the population coefficient of variation the form of
attribute and C,, is the population coefficient of variation of the study variable.

Following Bahl and Tuteja [9] , Zaman and Kadilar [10] proposed ratio exponential estimators in order to
estimate population mean of study variable y, using information about population proportion possessing certain
attributes in simple random sampling;

kP+1D) —(kp+1)
kP+D+ (kp+ 1)

(1.3)

tzx = yexp

where k(# 0), | are either real number or the functions of the known parameters of the attribute such as C,,
B2(¢) ve p,p. The following table presents estimators of the population mean which can be obtained by suitable
choice of constants k and [

Table 1. The Proposed Estimators by Zaman and Kadilar [10]

Estimators Values I(;f l
— P—p
toxa =762 (5 1 .
Singh et al. (2007) estimator
— P—-p
fzkz = Yexp (W> 1 B2(9)
P —
tZK3 = yexp 7p 1 C
P+p+2C, P
P —
tzka = yexp L 1 oo
P + p + prb p
- B2(¢p)(P —p)
- C
ks = Yexp B2()(P +p) +2C,) b2(¢) P
- CP(P -p) ]
=y C
bzke = YEXP | (P + p) + 2B,(9))] » B2(®)
- CP(P -p) ]
=y C
tzx7 = yexp _Cp(P o)+ 2p,0] » Pob
= [ ppb(P - P) ]
- C
tzks = YEXP 0,,(P +p) + 2C, | Pyb P
- B2(p)(P —p)
tyvo =
K9 = Yexp [Bz(¢)(P T p) + 20, B2(¢) Pob
= ppb(P - P)
t = yex
ZK10 = YE€xXp Ppb(P )+ 2B,(d) Ppb B ()

In Table 1, C,, B,(¢) and p,;, are, respectively, coefficient of variation belonging to ratio of units possessing
certain attributes, coefficient of population kurtosis and population correlation coefficient between ratio of units
possessing certain attributes and study variable. y and p are sample mean belonging to study variable and
sample proportion possessing certain attributes, respectively.

The MSE and bias of this ratio estimator is as follows;

1—f_
B(tzxi) = TY(A%C,E — 2ippsCyCp) (1.4)
1—f_
MSE (tz) = Tfyz[al?cg —24pppCyC, + CZ| ,i=2,...,10 (1.5)
P P P _ B2(p)P

1 —
where, 41 =542 = Sm@y 2 T 2rgy T ) 5 2mrecy)
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CpP o WP 4 PppP I - 1C L _ PpbP
YT T 2(cppepn) T8 T 2(pppPtcp) 70T 2(B2@)PHopn)’ M0 T 2(pppP+B2(@))

A6_4%Hmwn

2. Suggested Estimators

Following Kadilar and Cingi [11], it is proposed the exponential estimators combining ratio exponential
estimators tZK, and tz; (i = 2,3, ...,10) as follows;

tyi = oty + (1 — w)zt;; (i = 2,3,...,10) (2.1)
where w is a real constant to be determined such that the MSE of t;; is minimum.

It is obtained the MSE and bias equations for these proposed estimators using Taylor series as; (for details,
please see the Appendix A)

. 1-f_ w 2 w
MﬂKQm)E—7rﬂﬂkg(E+lp—wL)-—nhﬂbg(§+lf—wk)+cﬂ (2.2)
P P P Bo(P)P CpP
h ) = T =y =TV = T n v =7 3
where, 1, 2(P+B2(9)) A3 2(Prcp) T T 2(Prepn) T T 2(B2@0PHCp) T T 2(cpP+pa(e)
CpP PpbP _ B2()P _ PpbP

7T 2coPropn) 78T 20opPrGy) 0 T 2B @Props) M0 T 2(oppPtpa(@)

We can have the optimal values of w (2.2) by following equations: (for details, please see the Appendix B).

C
2 (o= 4)

(‘)opt = (1 _ 2/11) (23)

It is obtained minimum MSE of the proposed estimators using the optimal equations of w in (2.3). All proposed
estimators have the same minimum MSE as follows:
f

1-f .
Mﬂ%m@&05—7rdﬂmﬂ1—pmﬂ];l=z&mJo (2.4)
3. Efficiency Comparisons

In this section, it is compared the MSE of the proposed exponential estimators in (2.4) with the MSE of the Naik-
Gupta [1] estimator, the ratio exponential estimator suggested by Singh et al. [12] and ratio estimators listed in
Tablel.

Comparing the MSE of the proposed estimators, given in (2.1), with the ratio estimator suggested by Naik-Gupta
[1], given in (1.1), we have the following conditions;

MSE (t}) < MSE(ye) i=23,..,10

1—f_ 1—f_
TYZ[C;(l —ppp?)] < TYZ(Q% = 2pppCyCp + CF)

2
(pppCy —C,)" >0 (3.1)
When the conditions (3.1) is satisfied, the proposed exponential estimators are more efficient than the ratio
estimator suggested by Naik-Gupta [1].

Comparing the MSE of the proposed exponential estimators, given in (2.1), with the MSE of the ratio exponential
estimator suggested by Singh et al. [12], given in (1.3), we have the following conditions;

MSEpin(tz:) < MSE (tzx1)
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1—f_
L rrci(1- )] <

1-f_,[C?
— 7 [T”— PpsCyCp + C2

C 2
P
<ppry — 7) >0 (32)

When the conditions (3.2) is satisfied, the proposed exponential estimators are more efficient than the ratio
estimator suggested by Singh et al. [12].

Comparing the MSE of the proposed exponential estimators, given in (2.1), with the MSE of the ratio exponential
estimator suggested by Zaman and Kadilar [10], given in Table 1, we have the following conditions;

MSEpin(tz:) < MSE (tz:)

1-f 1-f_
—=V2[CF(1 = ppp?)] < —=V2[AFC] = 24Py Cy Gy + CF]

(ACp — ppCy)° > 0 (3.3)

It is inferred that all proposed exponential estimators are more efficient that all ratio estimators in given in Table
1 in all conditions, because the condition given in (3.3) is always satisfied.

4. Numerical Illustration

It is used the teacher and wdbc data sets to calculate efficiency of estimators which are given in Table 2 and
Table 3. In this section, we use the data set in Zaman et al. [13] in order to compare the efficiencies between the
proposed estimators, given in (2.1), with the ratio estimators, given in Section 1, based on MSE equations. The
MSE of these estimators are computed as given in (1.2), (1.5) and (2.3) and these estimators are compared to
each other with respect to their MSE values.

The data is defined as following;

y = the number of teachers
(1 , if the number of teachers is more than 60
$i = {0 , otherwise

Table 2. Population 1 Data Statistics

N:111 Y:29.279 1,:0.0146 16:0.0382 210:0.0117
n: 30 P:0.117 13:0.0203 17:0.1441
B2(¢):3.898 Cy:0.872 14:0.0640 15:0.0164
Ppp: 0.797 Cp:2.758 15:0.0709 16:0.1819

As second example, the data for the empirical study is taken from population data set considered by Sukhatme
[14]

The data is defined as following;

y = Number of villages in the circles
b, = {1 , if Acircle consisting more than five vilages
7o , otherwise

Table 3. Population 2 Data Statistics

N:89 Y:3.3596 1,:0.0171 16:0.0433 210:0.0132
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n: 20 P:0.1236 25:0.0221 2,:0.1508
B($):3.4917  C,:0.6008 24:0.0695 2:0.0171
Pyt 0.766 Cp:2.6779 25:0.0694 24:0.1802

In Tables 2 and 3, it is observed the statistics about the populations. Note that the sample sizes as n = 30,n = 20
and use simple random sampling [15]. We would like to recall that sample size has no effect on efficiency
comparisons of estimators, as shown in Section 3.

Tablo4. MSE values of the Ratio Estimators

MSE
Estimator Population 1 Population 2
tne 94.532 2.2168
tzx1 15.5403 0.4030
tzk2 14.7247 0.1404
tzk3 14.2948 0.1356
tzka 11.3891 0.0981
tzxs 10.9827 0.0981
tzke 13.0318 0.1171
tzk7 7.6304 0.0666
tzks 14.5909 0.1404
tzko 6.5614 0.0654
tzk10 14.9436 0.1442
Proposed 5.7840 0.0652

In Table 4, values of MSE, which are computed using equations presented in Sections 1 and 2, are given. When
we examine Table 4, it is observed that the proposed exponential estimators have the smallest MSE value among
all ratio estimators given Section 1. This is an expected results, as mentioned in Section 3.

From the result of this numerical illustration, it is deduced that all proposed exponential estimators are more
efficient than all ratio estimators for this data set.

5. Conclusions

It is developed new exponential estimators combining ratio estimators considered is Section 1 using information
about population proportion possessing certain attributes in simple random sampling and obtained minimum
MSE equation for proposed estimators. Theoretically, It is demonstrated that all proposed exponential
estimators are always more efficient than all ratio estimators given Section 1. These theoretical results are
supported by an application with original data sets.
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Appendices
Appendix A.

In general, Taylor series method for k variables can be given as;

k
h(Zy, %yy s %) = (Ko, Koy oo i) + Z 4(% — X)) + Re(Xi @) + 0,

Jj=1
where
_ ah(fl, x_z, ...,fk)
7 60:]
and
o 1 9%h(Ry, Ky s K
— 1 27 k —_ 03 — o
R, (X, @) =ZZE ox.x, (xj—Xj)(xi — X)) + Oy

j=1j=1

where O, represents the terms in the expansion of the Taylor series of more than the second degree [9]. When it
is omitted the term R, (X}, @), we obtain Taylor series method for two variables as follows;

dh(c,d)
dc

dh(c, d) 1)

h(p,y) — h(P,Y) = (p-P)+

Py dd lyp
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where, h(p,¥y) = t;x; and h(P,¥V) =Y
MSE equations of the proposed estimators given in (2.1) compute as follows:

a (wi’exp [ifi] + (1 — w)yexp [WD

" = (kP+0)+(kp+1)
tzi — Y = ap e (»—-P)
PY
(kP+1)—(kp+1)
0 | wyexp +(1 - w)yexp —— = B
+ ( [ ] (kP+D)+(kp+1) ) (}_/ _ Y)
PY

_[~wY o
=\zp t-o (2kP+Zl> P-P+F-1

w?Y? -Yk
Zpr Ty ((ka +21)2) ( ) ) <2kP+Zl) v

E(tzg — V) =

oY N Yk Cov(p.) + V)

2P T 2kP+ 21 2kP+21) OV TEY
-7 w2+(1 )2 k? +2w(1—a))k Vo) 2<w+ k wk )C ©.9)
=1 |\ap2 O\ +202) T2pckp +20) P TV \2p T 2k + 21 2kP + 21) VOV

ve)

1-f_ [(w? w
= fYZ [(— + (1 - w2+l - a))/li> Ch = 2pppCyC, (— +

2

1 —f W W )
[(2 F A= 0h) G2 =20 CyCy (54— ki) + cyz] ;i=123,..,10 (4.1)

MSE (tzx;) =

Appendix B

It has the optimal values of ¢ by following equations:

OMSE(tye) 1—f _ [ (@ 1 1
S & [2 (5 + 4 wl;) (E - Ai) €2 - 2p,,CyC, <E - /ll-)] =0

W 1 ) 1
(E + Ai - 0.)/11) <§ - /11> Cp = pprpr <§ — ll)

) Cy
-+ A= wA = ppp =

2 Cy
C
)

Wopt = (B.1)
ovt (1-24)
It is obtained minimum MSE of the proposed estimators using the optimal equations of w,,, in (B.1).
i 1-f_. [/ 2
MSEpin(ti) = —=T7? [( Pt di = wopihi) G2 = 20pCyCy ( 2Lt hi = Wopei) + c;] (B.2)

C C
Ppb C_y - /11' - 2}Lippb C_y + 2/112
p P
1-24

Wopt
2

1
T A — Wopedi = Wope <E - /11') +A4 = + 4

C. C.
ppb é - Ai - ZAippb é + 2).% + /11' - 2/1%
1- 21,
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C. C C
Pob 2= 2Rippn > Ppn s (1= 22) c, 3
- = = Ppb 7 B.
1-2 1- 22, oo (B-3)
Using (B.3)in (B.1), we have
1-f ¢\ C
MSEmin(tzx:) = ——=Y*|{ ppb = C5 = 2ppuCyCp | Ppb 2+ cg
n Cp Cp
. 1-f_ ,
MSEmin (tzx) = ——V2[CJ(1 = pp?)] 5 1=23,...,10 (B.3)

In this paper, It is used the function given in (B.3) Equation to calculate MSE values of the proposed exponential
estimators.
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Keywords Abstract: Parallel to population growth, the number of vehicles in cities also

Traffic signalization, increasing. The vehicle increase makes traffic management difficult. This situation

multi-objective optimization,  |eads to higher fuel consumption and emissions of CO2 and similar harmful

gpsgﬁzn emissions. Therefore, real-time optimization of traffic lights i.e. signalization can

IBEA ’ make traffic management more efficient. In this study, the duration of the signals at
an intersection where the signal light in the center of Konya/Turkey is optimized
by multi-objective optimization algorithms using optimum-cycle-length and
average-delay-time as objectives. Four state-of-the-art algorithms are applied to
this problem, which are named as Non-dominated Sorting Genetic Algorithm
(NSGAII), Strength Pareto Evolutionary Algorithm (SPEA2), Indicator-Based
Evolutionary Algorithm (IBEA) and Speed-constrained Multi-objective Particle
Swarm Optimization (SMPSO). The dataset is obtained from Konya Metropolitan
Municipality Transportation Traffic Planning Branch Directorate. The
experimental results show that the optimum-cycle-time at signalized intersections
can be determined by multi-objective optimization algorithms.

Konya-Tiirkiye'de Belirli Bir izole Kavsakta Optimum Cevrim Uzunlugu ve Ortalama
Gecikme Siiresinin Cok Amacgh Optimizasyonu

Anahtar Kelimeler Oz: Niifus artisina paralel olarak sehirlerdeki arac sayis1 da artmaktadir. Artan
Trafik sinyalizasyonu, ara¢ sayisi trafik yonetimini zorlastirmaktadir. Bu durum daha yiliksek yakit
Gok-amach optimizasyon, tiiketimi ve CO2 emisyonu ve benzeri zararli emisyonlarin salinimina yol
25](5;:211 acmaktadir. Bu nedenle, trafik isiklarinin gergcek zamanli optimizasyonu, yani

IBEA sinyalizasyon sistemi, trafik yonetimini daha verimli hale getirebilir. Bu ¢alismada,
Konya/Tiirkiye sehir merkezinde belirlenen bir sinyalizasyon kavsaginda, bekleme
stireleri cok amacgh optimizasyon algoritmalari ile optimize edilmistir. Optimum-
dongii-uzunlugu ve ortalama bekleme siireleri amag¢ fonksiyonlar1 olarak
tanimlanmistir. Literatiirde bulunan en gelismis ¢ok amach optimizasyon
algoritmalarindan dérdii bu problem igin ¢alistirildi. Bu algoritmalar:
Bastirilmamislik Siralamali Genetik Algoritma II (NSGAII), Kuvvet Pareto Evrimsel
Algoritmas1 2 (SPEA2), Gosterge Tabanli Evrimsel Algoritma (IBEA) ve Hiz
Kisitlamali Cok Amacgh Parcgacik Siirti Optimizasyon (SMPSO) algoritmalarndir.
Kullanilan kavsaga ait veriler Konya Bilyiiksehir Belediyesi Ulastirma Trafik
Planlama Sube Midirligi'nden elde edildi. Deneysel sonuglar, sinyalize
kavsaklarda optimum dongii siiresinin ¢ok amagli optimizasyon algoritmalari ile
verimli bir sekilde belirlenebilecegini gostermektedir.

*[lgili Yazar, email: tahirsag@selcuk.edu.tr
1. Introduction

In recent years, researches on the application of information and communication technologies to various fields
have an increasing interest. One example of these works is the development of smart city applications for
solutions to rapid urbanization problems. One of the important parameters of smart city applications is smart
transportation systems [1-4]. For intelligent transportation systems to respond to today's real problems in an
adaptive way, control methods must be kept up to date. One of the important issues of Intelligent Transportation
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Systems is traffic congestion due to rapid urbanization. Traffic congestion leads to lost times, increased fuel
consumption and the release of harmful emissions such as CO2. It also gives drivers trouble and discomfort.
Various methods to reduce traffic congestion with increasing urban populations are used, some of which are
traffic lights, intersections and road capacities. However, green light times at intersections are fixed according to
the estimated vehicle intensity, which is also called as fixed-time management. In this method, the duration of
green light determined once does not change for 24 hours. Many efforts have been made to improve the
efficiency of existing traffic management. Some of the smart city applications are aimed at the technological
solution of traffic density at intersections. Therefore, the duration of the traffic lights should be optimized [5].

In addition to traditional techniques, there are also advanced traffic control techniques used in literature. Li et al.
investigated the effect of a dynamic intersection control system and optimized signal times on the traffic network
in smart cities and they proposed an auxiliary optimization framework for determining cycle-length. It is stated
that the proposed model is successful as a result of the experimental results and real-world tests [6]. In a
scenario solved by JACK that is an agent-based software for traffic management, Lowrie aimed to separate the
vehicles from the intersection as soon as possible. She reported that traffic flow will be accelerated by reducing
traffic congestion and traffic accidents owing to the proposed traffic management [7]. On the other hand, there
are different studies in the literature to improve the average delay times at signalized intersections. In a master
thesis at the department of transportation engineering, different calculation methods used in the capacity
calculation at signalized intersections (Webster, Highway Capacity Manual, Australia Method, and Sidra
intersection 3.2 programs) were explained [8]. The methods discussed were elaborated with examples at a
specific intersection. It was stated that techniques such as ANN can produce faster and more reliable solutions to
problems that cannot be expressed mathematically in transportation engineering. The rapid increase in the
number of vehicles in traffic as a reflection of the increasing population and economic developments bring about
other problems. As a result of the increase in the number of vehicles and traffic movements, traffic accidents also
increase. In [9], traffic accidents in Turkey are modeled by ANNs and attention was drawn to what needs to be
done in this regard. In the study given in [10], the optimum cycle length is calculated by using the Differential
Evolution Algorithm. As a result of the study performed with the Australian method, different scenarios were
developed and gains in signal times were obtained.

There are some similar studies in which the multi-objective optimization algorithms are used for this purpose.
One of these is a signalization study which takes reference to Webster's method using multi-objective particle
swarm optimization (MOPSO) algorithm [11]. In a study presented by Yanfang and Jianmin, it was stated that
Webster’s method can be move away from the optimum solution in the case of the oversaturated signalized
intersection and they handled the problem as a multiobjective optimization to solve by using a fuzzy-logic-
control [12]. In an alternative study to the Webster method, Zakariya and Rabia proposed two regression
formulas for estimating the minimum delay optimal cycle length based on a time-dependent delay formula. They
claimed that better results were obtained for optimum cycle length at high intersection flow rates compared to
the Webster formula [13]. Estrada et al. presented a multi-objective system for traffic optimization (MOSTRO).
In order to minimize the total length of the queues of vehicles waiting at each intersection, a traffic network
model is introduced and the solution of this problem is modelled with linear programming. Compared to
traditional methods, the proposed strategy has been shown to significantly reduce the number of vehicles
accumulated at each link [14]. Chen proposed another multiobjective optimization control algorithm based on
HCM delay function for traffic signal plans. It has been reported that the implemented model is effective in
coordinated intersection management and reducing waiting times according to experimental results [15]. In
another study, Cell Transmission Model and NSGAII were used together. The developed model has been claimed
to be more advantageous than the Webster model [16]. Again, in a proposed study based on the NSGAII and
Webster method, signaling times were similarly optimized [17]. Gao and Yang [17] stated that the most suitable
solution for the traffic problem is to use the existing capacity efficiently. In order to achieve this, NSGA-II is
applied to create a model for fixed-time signal control of unsaturated intersections by optimizing the variables
cycle length and splits of intersections. The results were compared with the single-objective optimization
method based on Webster method. The authors claimed that their approach was able to obtain better results for
average vehicle delay and queue length.

In this study, the signalization process is handled as a multi-objective optimization problem. The focus here is to
determine the signal duration times for a specific intersection in Konya-Turkey. Thus, the optimal values of
optimum-cycle-length, intersection-flow-rate and average-delay-time are determined by multi-objective
optimization algorithms (MOAs) with Webster’s Delay model. To compare and achieve more fair results, NSGAII
[18], SPEA2 [19], IBEA [20] and SMPSO [21] algorithms are applied to the problem. This study shows that the
relationship between the optimum-cycle-length and intersection-flow-rate of the fixed-time signal intersection
can be expressed by multi-objective optimization algorithms. In this way, a decision-support-system is
established to assist in deciding the signal durations for a specific signalization system.
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The rest of the paper is organized as follows. In section-2, material and methods are briefly explained. Section-2
also includes subsections about the definition of signalization plans as a multi-objective optimization problem,
Webster’s delay method and the concept of multi-objective optimization. The signal plans for real-time
optimization of traffic lights are defined in the concept of optimization terminology. In section-3, experimental
results are given. Finally, conclusions are presented in section-4.

2. Material and Method

The signalized intersection to be evaluated within the scope of this study is the “Lastik bus-stop” intersection in
Konya, Turkey. The traffic volumes of signalized intersection operated in 4 phases are shown in Table 1.
Saturated flow values of the Lastik bus-stop intersection were realized in May 2019 by manual counting method.
The counting was done on Saturday, May 25, 2019, at the peak time of 18:00 - 18:15. These hours were preferred
because the busiest day of the intersection specified during the week was Saturday. The hourly counting results
specified in Table 1 were obtained by multiplying the 15-minute counting operation by four.

Table 1. Lastik bus-stop vehicle count values

Traffic Direction Saturated flow value

(vehicle/hour)
North 1900
East 1850
South 2075
West 1900

In this study, optimum-cycle-length and average-delay at fixed-time signalized-intersections are calculated by
the aid of multi-objective optimization algorithms. Also, Webster (British) method is conducted as the calculation
model. Non-dominated Sorting Genetic Algorithm (NSGAII), Strength Pareto Evolutionary Algorithm (SPEAZ2)
and Indicator-Based Evolutionary Algorithm (IBEA) algorithms, which are widely used in the multi-objective
optimization research field, are applied to the same problem. In order to evaluate the obtained outcomes by the
algorithms, four performance indicators are employed, which are frequently used most commonly used methods
for evaluation in the literature. These are Generational Distance (GD), Inverted Generational Distance (IGD),
Spacing (SP) and Hypervolume (HV) performance criteria.

2.1. Webster's delay model

The methods used for optimizing signal durations at signalized intersections are classified as phase-based and
motion-based methods. There are three widely used methods: Webster (British) [22], Highway Capacity Manual
(HCM) [23] and Australia method [24]. In the Australian method, since the flows are evaluated separately
instead of the phases, the dataset has to be suitable for this. Australia model is not preferred because our dataset
created with manual vehicle count is based on phase order. In the HCM method, it gives importance to the critical
flow ratios in the intersection. Since the focus of the study is not critical flows, the HCM model is also not
preferred. In the Webster model, it focuses on optimum cycle length and the average delay of the intersection. In
this study, the calculation approach of the Webster method is preferred to use since the calculations are
considered as phase-based.

The number of vehicles passing through the signalized intersection depends on the green duration applied in all
directions. The capacity of the intersection leg is calculated as in Eq. (1).

g*s .
€==7" vehicle /hour (1)

where ¢ denotes the capacity of the intersection leg. g is the effective green time in seconds. s is the saturated
flow per unit of vehicle/hour. D is the cycle length in seconds. The effective green time is expressed as the time
during which the green time flows saturated. In other words, it is the time that is found by subtracting the initial
and final losses from the green time that appears. The effective green time is shown in Eq. (2).

g=06-1 (2)
where G is the appearing green time in seconds and [ is the lost time in seconds. Lost time means the duration
which is without traffic flow. After the red light is on, the required time to leave from the intersection safely for

the last vehicle entering the intersection at the green light is defined as the lost times. In the Webster method, it
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is calculated by summing the difference of the yellow times between phase transitions to the red time at which
all vehicles stop. It is calculated as in Eq. (3).

L=Z(1—a)+Zl 3)

where [ is the time among the green lights and a is the time of yellow light in seconds. [ is the lost time in one
phase. The optimum-cycle-length to minimize the time spent at an intersection is calculated by using Eq. (4).

p, =@ *tS o
1-Y

where D, shows the optimum-cycle-length in seconds. Q is a constant value between 1.2 and 1.5 according to

intersection capacity. L is the total lost time and Y presents the sum of all intersection legs. It describes the

degrees of saturation for the directions connected to an intersection. Y is expressed as dividing the

instantaneous vehicle counts by the saturated flow value.

The average delay is the average time that elapses until leaving the intersection after joining the vehicle queue
from the intersection leg. In the Webster model, Eq. (5) is used to calculate the average delays per vehicle.

LY 2 (1/3)
_ba-4 L X 0,65 <£> (245 (5)
20 —-2+x) 2q(1—x) q?

w

where w indicates the average delay per vehicle. 4 is the ratio of green time to cycle time (1 = g/D). x is the
saturation ratio. ¢ shows the maximum flow value of intersection leg (vehicle/second) and D is the optimum-
cycle-length in seconds. q is in the range of [200, 1800] in this study.

2.2. Multi-objective optimization problems

Many of the real-world problems include multiple conflicting objectives that need to be optimized
simultaneously. When there are multiple objectives that are inversely proportional to each other, defined by the
same decision variables, it may not always be possible to define them with a single function. Therefore, applying
single-objective optimization algorithms to these problems often fails to achieve satisfactory results [25]. Multi-
objective optimization problems are defined in Eq. (6).

Maximize/Minimize y = f(x) = {f;(x), f2(x), ..., fu(x)}
Subjectto g(x) = {91(x),gz(x), ...,g,(x)} <0
h(x) = {hy(x), by (X), ..., hx (X)} = 0 ©)
where x = {x;,x,,...,xy} € X
y = {Y1'YZ1 "'JYN} eY

where x is set of the decision variable and X is the parameter space, y is the objective, Y is the objective space,
g(x) and h(x) is the constraints depend on the decision variables.

Unlike single-objective optimization seeking global optimum, multi-objective optimization usually does not
produce a single optimal solution since it is not always possible to obtain a single decision vector for conflicting
objectives. Thus, multi-objective optimization algorithms generally obtain a set of optimal solutions by using a
technique that satisfies a balance among the objectives. The techniques depend on Pareto-Optimality are the
most suitable algorithms to handle objectives separately and synchronously. According to the concept of Pareto-
Optimality, an optimal solution is a solution that is not the worst in any of the objectives and is better than the
others in at least one objective. It is also a solution that is not dominated by any other solution in the search
space. This situation is mathematically defined as in Eq. (7).

vi:fi(x) < fi(y) and 3j: f;(x) < f;(¥) (7)

Such a solution is called as nondominated or Pareto-optimal solution, and the set of such optimal solutions is
called the Pareto-Optimal Set [18, 26]. Evolutionary algorithms are very convenient to obtain a set of solutions
owing to their population-based nature. So, several multi-objective evolutionary algorithms (MOEAs) have been
presented to solve MOPs up to now. These algorithms are generally classified in three groups: (i) Pareto-
dominance-based methods [18, 19, 27], (ii) decomposition-based methods [28-30], and (iii) performance
indicator-based methods [31, 32].
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In this study, four well-known multiobjective algorithms (NSGAII, SPEA-2, IBEA, and SMPSO) are chosen with
respect to this classification. The algorithms in the first group distinguish and select candidate solutions
according to Pareto dominance. In this category, NSGA-II and SPEA-2 are the most cited algorithms which have
the principal strategies for selection and diversity. The second group algorithms decompose a MOP into a
number of single-objective optimization problems to be solved collaboratively, such as MOEA/D, C-MOGA and
NSGA-IIL. These are especially used to solve MOPs including more than three objectives, known as many-
objective optimization problems. The algorithms in the third group adopt performance indicators of generated
solutions as selection criteria in the environmental selection. The most prominent representative of this group is
IBEA. In addition, SMPSO which one of the most successful swarm-intelligence-based multiobjective
optimization algorithms is included in this study to improve the novelty.

2.2.1.Performance indicators

In recent years, many indicators have been proposed to compare the performance of MOEATSs. The indicators are
important to reflect the output quality of different algorithms and to carry out the necessary experimental work
to compare various approaches. According to a study on performance indicators conducted in 2015,
hypervolume (HV), generational distance (GD), epsilon indicator (g), inverted generational distance (IGD) and
spread indicator (SP) are the most used metrics in literature, respectively [33].

Four indicator values (HV, SP, GD, and IGD) are calculated in this paper. The descriptions and mathematical
formulations are given below. P* is a set of points distributed uniformly along the true Pareto front (PF) in the
objective space; Q is a set of the nondominated solutions obtained by an algorithm to search the PF.

Hypervolume (HV): HV measures the volume of the objective space that is weakly dominated by set Q. In order
to calculate this volume, a bounded space has to be constructed by PF and a user-defined reference point [34].

HV = volume (U v;) (8)

i

The larger the indicator value, the greater the size of the dominated area, the better front is obtained. For this
reason, it uses normalized objective values. The best value for the indicator is one.

Spread (SP): Spread indicator measures the distribution of obtained set Q along PF [35]. There are two versions

of the indicator. The first one is used for only two objectives, while the other one is generalized to be able to use

for all multi-objective problems, which is named as the generalized spread and denoted as A. It is formulated as

in Eq. (9).

id(ey Q) + TxesldX, Q1 —d
Lide, Q) +|Pr|.d

d(X,Q) = min_IIF(0) — FNI?

9)

d= ﬁZXeP* dX,Q)

Here, (ey, ..., €,) shows the m extreme points in set P*; d(e;, Q) indicates the minimum Euclid distance between e;
and the set Q; m is the number of the objective function. 4 is based on calculating the distance between two
consecutive solutions closest to each other in the normalized objective space. It is desired to approximate zero.

General Distance (GD): GD is calculated as the average of the distance of the obtained nondominated solutions to
the true Pareto surface [36]. The desired ideal value is zero. Mathematically, it is defined as in Eq. (10).

j(zpe,p*d(p, 02) (10)

GD(Q,P*) = =

Inverted General Distance (IGD): IGD measures the accuracy by calculating the average distances between Q and
P* [37]. The desired ideal value is zero. Mathematically, it is defined as in Eq. (11).

1GD(Q,P*) = W (11)
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where d(p, Q) is the minimum Euclid distance between p and the set Q.
2.2.2. Descriptions of the algorithms

The short descriptions of the algorithms called NSGAII, SPEA2, IBEA and SMPSO are given in this section,
respectively.

Nondominated Sorting Genetic Algorithm-II (NSGAII): NSGAII [18] is developed by Deb et al. in 1999, is the most
well-known multi-objective optimization algorithm in the literature. It is the dominance-based technique that
presents pioneering methods for exploration and exploitation such as fast sorting strategy and crowing distance
method. The algorithm begins by generating a random population. The N-sized population is separated into
fronts by use of a nondominated-sorting strategy. It means that all solutions are sorted according to Pareto-
dominance and nondominated solutions are picked to the first front and this process is repeated for remaining
solutions for the next front until no solutions remain in the population. The front level is used to select parent
solutions as a rank in the binary tournament. When the ranks are equal, the crowding-distance method of
promoting diversity is used. N-new solutions are generated by SBX crossover and polynomial mutation. At the
end of each iteration, the 2N-sized population is obtained by combining current and new solutions. The best N
solutions are picked to the next generation by using nondominated sorting. In this way, elitism is guaranteed.

Strength Pareto Evolutionary Algorithm 2 (SPEA2): SPEA2 [19] is developed by Zitzler et al. in 2001. It is
another popular multi-objective optimization algorithm depend on genetic algorithm. It is the improved version
of SPEA, which was previously proposed by Zitzler. SPEA2 involves a fine-grained fitness assignment strategy, a
density estimation technique, and an enhanced archive truncation method.

Indicator-based Evolutionary Algorithm (IBEA): IBEA was proposed by Zitzler and Kiinzli in 2004 [31]. It is
based on a strategy that allows the arbitrary performance indicators to be used directly in the selection process.
Thus, IBEA can be tailored to user preferences and does not need extra diversity protection methods such as
fitness sharing. The algorithm performs binary tournaments for mating selection and removes the worst
individuals iteratively. The authors placed two different versions of the algorithm named basic IBEA and
adaptive IBEA in their paper.

Speed-constrained Multi-objective Particle Swarm Optimization (SMPSO): SMPSO was proposed by Nebro et al.
in 2009 [38]. It is an adapted version of the PSO algorithm to multiobjective optimization. To enhance the search
capability, SMPSO employs a novel strategy to limit the velocities of the candidate solutions. Besides this, the
algorithm uses polynomial mutation as a turbulence factor and an external archive to store the nondominated
solutions found during the search.

3. Results

In order to organize the signalization plans, optimum-cycle-length and average-delay are defined as two separate
objective functions. The 1st objective function, which represents the optimum-cycle-length, is shown in Eq. (12).

@*L)+5
D =-—_‘ 12
? 1-Y (12)
The second objective function, which represents the average delay time, is seen in Eq. (13).
D(1—2)? x? D\
- a1-2 N 10,65 (_) £ (2450)
20 —A*x) 2q(1—x) q2 (13)

In this study, NSGAII, SPEA2, IBEA, and SMPSO were run for a reference model established by Webster model
which involves the calculations for optimum-cycle-length, intersection flow ratio and the average delay time per
vehicle. The relations of optimum-cycle-length with intersection flow ratio and the average delay time are shown
in Fig. (1) and Fig. (2), respectively. The selection task of one optimal solution from the Pareto-Optimal Set is
fulfilled by a decision-maker since the optimum solutions will change according to the intersection vehicle
counts, the current geometric plan of the intersection and past traffic habits. For this purpose, the Platypus
framework [39] which was developed to solve multi-objective optimization problems is utilized to model the
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handled problem. Webster calculation method is inserted into the Platypus framework as an optimization
problem. The results of performance indicators calculated with the outcomes obtained by the algorithms are
given in tables. Further, the Pareto-front of the model used in the evaluation phase is shown in Fig. (3). All
algorithms were run for 10 independent times under the same control parameter values, which population size
is used as 100 and the number of iterations is taken as 100.

The extreme solutions in PFs obtained by the algorithms are given in Table-2, which contains two solutions
(extreme-1 and extreme-2) in each row for an algorithm. Extreme-1 represents a solution that has the best value
for f1 (optimum-cycle-length) and related f2 (average delay time), while extreme-2 is a solution that consists of
the best f2 and related f1.

Table 2. The extreme solutions found by the algorithms

Extreme-1 Extreme-2
best-f1 f2 best-f2 f1
NSGAII 30.04 12.65 12.64 37.16
SPEA2 32.80 22.47 12.84 40.18
IBEA 30.60 13.86 11.88 36.11
SMPSO 31.83 14.70 12.46 39.16

The comparative results of performance indicators are listed in the tables below. Furthermore, the relationship
between the intersection flow ratio and the optimum-cycle-length is shown in Fig. (1).
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Figure 1. Relation between intersection flow ratio and optimum cycle length

The increase in the optimum-cycle-length due to the increase of the lost times as a result of the increase in the
intersection flow ratio is seen in Fig. (1). The optimum-cycle-length is determined for the intersection where
signalization should be established or signal durations should be updated after counting the vehicles. The
determined signal duration is a parameter that will enable the intersection to operate efficiently. By means of
this parameter, a signalization system can be mentioned where the signal time losses are minimized. According
to the relationship between optimum-cycle-length and intersection flow ratio, optimum signalization durations
are maintained. In this way, the applications performed in the form of trial and error will be disabled. The
relation between the optimum-cycle-length and delay-time is shown in Fig. (2).
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Figure 2. Relation between optimum cycle length and average delay time

When deciding the optimum-cycle-length at a fixed-time intersection, criteria other than the saturated flow
values should be considered. One of these criteria is the average delay time per vehicle. The average delay time
and cycle length are directly proportional to each other. In order to achieve a successfully operated signalization
system, an approach in which there is no lost time or the lost time is minimized is required. With the approaches
put forward in this study, signalization can be accomplished with multi-objective optimization. The focus in the
multi-objective signal optimization approach is the relationship between the intersection flow ratio and the
optimum-cycle-length, and the relationship between average delay and optimum-cycle-length.

Table-3 shows the HV results of the algorithms. It can be seen that NSGAII and IBEA were achieved the best
result among the four algorithms. SP results are given in Table-4. The SMPSO algorithm for the SP metric, which
is required to converge to zero for a good distribution on the Pareto front, obtained the best result. The results of
the GD and IGD metrics comparing the accuracy of the obtained results are given in Table-5 and Table-6,
respectively. IBEA has the most accurate values according to GD indicator, while SPEA-2 algorithm reached the
most accurate values according to IGD indicator. Considering all results calculated with indicator values for each
algorithm, it was seen that all four algorithms can find very close and effective outcomes. This is understood
from the closeness of the values given in Table-2 and the similar distribution of Pareto-Optimal results obtained
from algorithms shown in Fig. (1) and Fig. (2).

Table 3. The HV results for the signalization problem depend on Webster model
NSGAII SPEA2 IBEA SMPSO
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Figure 3. Pareto-front of the handled problem
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mean 9.859E-01 9.853E-01 9.859E-01 9.857E-01
std 3.983E-05 2.225E-04 4.818E-05 1.715E-04

Table 4. The SP results for the signalization problem depend on Webster model

NSGAII SPEA2 IBEA SMPSO
mean 3.647E-02 1.066E-01 4.214E-02 3.628E-02
std 7.742E-03 1.524E-02 1.287E-02 6.699E-03

Table 5. The GD results for the signalization problem depend on Webster model

NSGAII SPEA2 IBEA SMPSO
mean 2.978E-04 2.991E-04 2.797E-04 4.165E-04
std 2.960E-05 1.426E-05 3.526E-05 5.367E-05

Table 6. The IGD results for the signalization problem depend on Webster model

NSGAII SPEA2 IBEA SMPSO
mean 3.960E-01 2.909E-01 3.924E-01 3.878E-01
std 4.582E-03 1.048E-01 7.387E-03 8.723E-03

In order to test whether the indicator values calculated from the results obtained in the problem of determining
the signal plans of the algorithms are statistically different from each other's values, Wilcoxon two-sided rank-
sum test was applied in the 95% confidence interval and the results are given in Table 7-10. A p-value of less
than 0.05 in the tables indicates that the results produced by an algorithm are statistically significantly different
from the results of the algorithm compared. Significant differences are shown in the tables with a "+" sign. In
summary, each of the state-of-the-art algorithms selected for use in this study has been seen to be successful

algorithms that produce statistically significantly different results.

Table 7. Wilcoxon rank-sum test on HV indicator values of all algorithms

SPEA2 IBEA SMPSO
)2 h )2 h )2 h
NSGAII 1.8267e-04 + 0.52050000 - 6.3864e-05 +
SPEA2 1.8267e-04 + 6.3864e-05 +
IBEA 6.3864e-05 +

Table 8. Wilcoxon rank-sum test on SP indicator values of all algorithms

SPEA2 IBEA SMPSO
D h D h D h
NSGAII 1.8267e-04 + 0.3847000 - 6.3864e-05 +
SPEA2 1.8267e-04 + 6.3864e-05 +
IBEA 6.3864e-05 +

Table 9. Wilcoxon rank-sum test on GD indicator values of all algorithms

SPEA2 IBEA SMPSO
D h p h p h
NSGAII 0.2567000 - 0.3447 - 1.8267e-04 +
SPEA2 0.9097 - 1.8267e-04 +
IBEA 1.8267e-04 +

Table 10. Wilcoxon rank-sum test on IGD indicator values of all algorithms

SPEA2 IBEA SMPSO

D h p h p h
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NSGAII 1.8267e-04 + 0.5205000 - 6.3864e-05 +
SPEA2 1.8267e-04 + 6.3864e-05 +
IBEA 6.3864e-05 +

4. Conclusions

In this study, optimum-cycle-length and average delay times per vehicle were calculated in a fixed time isolated
signalized intersection control system. For this purpose, Webster’s delay model is employed as the calculation
method. This model was adapted to multi-objective optimization and signalization system is considered as an
optimization problem. Four state-of-the-art multi-objective optimization algorithms NSGA-II, SPEA2, IBEA, and
SMPSO were applied to the problem. In order to evaluate the results, four performance indicators were
calculated, which are frequently used methods and called HV, SP, GD, and IGD. In terms of accuracy, the SPEA2
and IBEA algorithms showed relatively better results than the others. However, SMPSO algorithm achieved a
better distribution on the Pareto front according to the SP metric. Besides these, NSGA-II and IBEA algorithms
obtained the best results with respect to the HV metric that takes into account both criteria. On the other hand,
all algorithms were able to find close and appropriate values for the signalization system. As a result, it has been
shown that multi-objective optimization algorithms produce successful results in determining signal durations in
isolated signalized intersections. By deciding the cycle length of signalized intersections with the mentioned
algorithms, significant fuel savings and emissions of harmful gas emissions will be reduced.
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Anahtar Kelimeler Oz: Farkh yonca cesitlerinin somatik embriyogenesis ile bitki rejenerasyonuna
Medicqgosati\{a, . tepkilerini belirlemek amaciyla yiiriitilen ¢alismada Prosementi, Gea, Savas,
Somatik embriyogenesis, Omerbey, 0566, Artemis ve Classe yonca cesitleri kullanlmistir. Cesitlere ait

Siirglin rejenerasyonu,

Temel besin ortami fidelerden elde edilen kotiledon ve yaprak eksplantlar1 4 mg/L 2,4-D, 0.5 mg/L

kinetin, 2 g/L prolin ve 30 g/L sukroz iceren, 8 g/L agar ile katilastirilan dort farkl
(MS, B5, SH ve N6) temel besin ortaminda kiiltiire alinmistir. Arastirma 3
tekerriirlii ve her tekerriirde 10 eksplant olacak sekilde tesadiif parsellerinde
faktoriyel deneme desenine gore yiritilmiistiir. Arastirma sonucunda petri
basina kallus agirligi, petri basina somatik embriyo ve bitkicik sayilar1 sirasiyla
0.253-6.700 g, 0-19.667 adet ve 0-6.667 adet arasinda degisim gdstermistir.
Yaprak eksplantinda en fazla petri basina somatik embriyo ve bitkicik sayisi
Omerbey yonca cesidinde SH temel besin ortaminda elde edilirken, Kotiledon
eksplantinda ise en yiiksek petri basina somatik embriyo sayis1 OS 66 ¢esidinde N6
besin ortaminda elde edilmis olup, hig bitkicik gelisimi belirlenmemistir.

The Effects of Different Basal media on Somatic Embryogenesis in Some Alfalfa

Cultivars
Keywords Abstract: In order to determine the responses of different alfalfa genotypes to
Medicago sativa, plant regeneration through somatic embryogenesis, Prosementi, Gea, Savas,

Somatic embryogenesis
Shoot regeneration,
Basal media

Omerbey, 0S66, Artemis and Classe alfalfa cultivars were used. Leaflet and
cotyledon explants of the cultivars were cultured on different basal media (MS, B5,
SH and N6) containing 4 mg/L 2,4-D, 0.5 mg/L kinetin, 2 g/L proline and 30 g/L
sucrose solidified with 8 g/L agar. The research was carried out in a randomized
plots-factorial experimental design with 3 replications and 10 explants per
replication. As a result of the research, callus weight per petri dish, the number of
somatic embryos and plantlets per petri dish varied respectively between 0.253-
6.700 g, 0-19.667 and 0-6.667. The maximum number of somatic embryos and
plantlets per petri dish was obtained from Omerbey alfalfa cultivar cultured on SH
basal medium in the leaflet explant; whereas in the cotyledon explant, the highest
number of embryos per petri dish was obtained from N6 medium in OS 66 cultivar
and no plantlet regeneration was achieved from cotyledon explants.

*[lgili Yazar, email: scocu@erciyes.edu.tr
1. Giris

Yonca (Medicago sativa L.) yeryiiziinde en fazla tarimi yapilan, uzun émiirli ¢ok yillik ve yabanci déllenen bir
yem bitkisidir. Dik ya da yatik gelisen formlar1 bulunabilir (1). Yonca ¢ok genis bir adaptasyon yetenegine
sahiptir. Yonca, iyi gelismis derinlere inen kok sistemi ile genel olarak kuraga dayaniklidir. Ancak, yil iginde ¢ok
sayilda bicim vermesi ve her bicimden sonra ¢ok fazla yesil aksam olusturmasi nedeniyle diger kiltiir bitkilerine
oranla suya gereksinimi daha yiiksektir. Yonca bdlgenin vejetasyon siiresine de bagh olarak yil icerisinde kurak
alanlarda sulanarak yagisli bolgelerde ise sulanmadan yagisa bagh olarak 3-7 defa bigilebilir. Yem bitkilerinin
kraligesi olarak bilinen yonca %18-25 oraninda protein igerir, hayvanlar i¢in yas ya da kuru ot olarak hem ¢ok
lezzetli hem de vitaminlerce ¢cok zengindir. Ozellikle; Tokoferol, Karotin, Ksantofil ve Vitamin A degerleri cok
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yuksektir (2). Yonca; hayvan beslenmesindeki éneminin yani sira ortiicii bitki, yesil giibre ve toprak islahi
acisindan da ¢ok énemlidir. Baklagil yem bitkisi olmasindan dolay1 havadaki azotu topraga baglar ve dolayisi ile
kendisinden sonra ekilecek ytizlek koklii bitkilere organik madde ve azot bakimindan zengin, su tutma kapasitesi
yiiksek Kaliteli toprak birakir. Iyi gelismis kazik kok yapist ile de topragin derinlerindeki besin maddelerini iist
katmanlara tasir (2).

Glintimiizde doku kiiltiirii teknikleri bitki 1slahinda ve bitkilerin ticari liretiminde ¢ok genis kullanim alanina
sahiptir. Bitki doku kdultiirii islemlerinin temeli bitki rejenerasyonudur. Meristematik olmayan somatik
hiicrelerden rejenerasyon; hiicre veya dokulardan degisime neden olacak uygulamalarla siirgiin taslaklarn
olusturmak (Organogenesis) veya somatik embriyogenesis yoluyla olmaktadir (3). Vejetatif hiicrelerden gelisen
embriyolar somatik embriyo olarak adlandirilmaktadir. Somatik embriyo olusumu icin somatik dokular yiiksek
oranda oksin iceren ortamda kiiltiire alindiginda embriyo iiretme yetenegi kazanmaktadir. Zigottan gelisen bitki
embriyosunun gosterdigi gelisim safhalarin1 somatik embriyolar da gosterir. Ancak somatik embriyolar bir
endosperm igermezler (3). Somatik embriyogenesis gen aktarim ¢alismalarinda siklikla kullanilmaktadir.

Yoncada in vitro rejenerasyon genellikle somatik embriyogenesis ile yapilmaktadir (4). Somatik embriyogenesis
yoluyla ilk rejenerasyon ¢alismasi 1972 yilinda Saunders ve Bingham tarafindan (5) yapilmis ve gliniimiize
kadar bir¢ok arastirici tarafindan somatik embriyogenesis ile bitki rejenerasyonu calismasi yliritilmiistir.
Yoncada daha dnce yapilan calismalar incelendiginde; yaprak (6), yaprak sapi (7, 8), olgunlasmamis embriyo (9),
hipokotil (10), siispansiyon Kkiltiiri ve mezofil protoplastlar1 (11) gibi farkli bitki kisimlarindan somatik
embriyogenesis ile bitki rejenerasyonu elde edilmistir. Ancak yoncada yapilan somatik embriyogenesis
calismalarinda biiytik dlciide genotipe bagl bir rejenerasyon goriilmektedir (12). Bu nedenle bu calismada bazi
yonca cesitlerde somatik embriyogenesis ile bitki rejenerasyonu amaglanmistir.

2. Materyal ve Metot

Calismada; Prosementi Bologna, Gea, Savas, Omerbey, 0566, Artemis ve Classe yonca cesitleri kullanilmistir.
Cesitlere ait tohumlar steril kabin icerisinde manyetik karistirici kullanilarak %50 ticari camasir suyu icerisinde
15 dakika siire ile sterilize edildikten sonra; tohumlar 3 defa 5’er dakika olmak iizere saf sudan gecirilip, 30 g/L
sukroz, 8 g/L agar iceren MS besin ortamina ¢imlendirilmistir.

Cimlendirme baslangicindan yaklasik 15-25 giin sonra somatik embriyogenesis ile bitki rejenerasyonu elde
etmek amaciyla gesitlere ait steril bitkiciklerden elde edilen kotiledon ve yaprak eksplantlar1 4 mg/L 2,4-D, 0.5
mg/L kinetin, 2 g/L prolin ve 30 g/L sukroz iceren, 8 g/L agar ile katilastirilan doért farkli (MS, B5, SH ve N6; 13-
16)_temel besin ortaminda kiiltiire alinmistir. Kiilttir baslangicindan yaklasik 50-60 giin sonra olusan kalluslar
30 g/L seker iceren 8 g/L agar ile katilastirilmis MS besin ortamina aktarilmistir. Arastirmada her peri kabina 10
eksplant yerlestirilmis olup, petri basina kallus agirlig1 ve petri basina embriyo sayisi ve petri basina bitkicik
say1s1 parametreleri belirlenmistir (Sekil 1.).

Calismada kullanilan petri, magenta, pens, bisturi, beher, saf su ve besin ortamlarinin sterilizasyonunda otoklav
kullanilmistir. Otoklavda sterilizasyon islemi 1.2 atmosfer basing altinda 121°C'de 20 dakika siireyle
gerceklestirilmistir. Tim doku kiiltiirii calismalar1 steril kabin icerisinde yapilmistir. Hazirlanan besin
ortamlarinin pH’s1 1IN NaOH ve 1 N HCI kullanilarak 5.6 ile 5.8 arasinda ayarlanmistir. Tiim kiiltiirler 16 saat
aydinlik 8 saat karanlik fotoperiyotta, 22+2°C’de ve 3000 liikks 151k yogunlugundaki iklim dolab: igerisinde
bekletilmistir.

Denemeler tesadiif parsellerinde faktoriyel deneme desenine gore 3 tekerriirlii her tekerriirde 10 eksplant,
olacak sekilde yiiriitiilmiistiir. Arastirma sonucunda elde edilen verilerin varyans analizi “SPSS for Windows”
programi ile yapilmistir. Muamele ortalamalar1 Duncan Coklu Karsilastirma Testi ile karsilastirilmistir.

3. Bulgular

Farkli yonca gesitlerinde in vitro bitki rejenerasyonu elde etmek amaciyla yiriitiilen bu ¢alismada Prosementi,
Gea, Savas, Omerbey, 0S66, Artemis ve Classe yonca cesitleri kullanilmistir. Cesitlere ait yaprak ve kotiledon
eksplantlar1 4 mg/L 2,4-D, 0.5 mg/L kinetin, 2 g/L prolin ve 30 g/L sukroz iceren, 8 g/L agar ile katilastirilan dort
farkli MS, B5, SH ve N6 temel besin ortamlarinda kiltiire alinmistir. Arastirma sonucunda tiim cesitlerde her iki
eksplantta da biitlin ortamlarda kallus olusumu goézlenmistir. Yapilan varyans analiziz sonucunda petri basina
kallus agirliginda; gesit, ortam, eksplant, ¢esit x ortam, cesit x eksplant ve ¢esit x ortam x eksplant istatistiksel
olarak 0.01 diizeyinde, ortam x eksplant 0.05 diizeyinde, petri basina somatik embriyo sayisinda; eksplant, gesit
x ortam ve ¢esit x ortam x eksplant 0.01 diizeyinde, petri basina bitkicik sayisinda ise; eksplant, ¢cesit x ortam ve
cesit x ortam x eksplant 0.01 diizeyinde cesit, ortam, cesit x eksplant, ortam x eksplant 0.05 diizeyinde énemli
bulunmustur.
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Tablo 1. Bazi yonca ¢esitlerinde kotiledon ve yaprak eksplantlarindan farkli temel besin ortamlarinda elde edilen
petri basina kallus agirhigy, petri basina somatik embriyo sayisi ve petri basina bitkicik sayisina ait ortalama

degerler
Temel Petri B?S““i Petri Basina Somatik Embriyo Sayis1 Petri Basina Bitkicik Sayis1
. . Kallus Agirhgi . .
Cesit Besin . (adet/petri) (adet/petri)
Ortam (8/petri)
Yaprak | Kotiledon Yaprak Kotiledon Yaprak Kotiledon
Prosementi N6 3.213 bed* | 1.417 j-s 0 f* 0f 0d* 0d
MS 2.673 c-h 1943 e-0  1.333f 0f 0d 0d
SH 2.311d-1 1187 m-t  0.333f 0f 0d 0d
B5 3.570 bc 1.3201-s 12.00 bed 0f 3.667 b 0d
Gea N6 2.853 b-f 2467 d-j 0.67 f 0f 0d 0d
MS 1.740g-q | 2.310d-1 0f 0f 0d 0d
SH 1.5071-s 1.623h-r  13.00 abc 0f 2.667bc 0d
B5 1.267 1-t 1.077 n-t 0f 0f 0d 0d
Savas N6 1.017 n-t 1.3301-s 0f 0.667 f 0d 0d
MS 1.350 k-s 2.503 d-1 0f 0f 0d 0d
SH 0.503 st 0.807 p-t 0f 0f 0d 0d
B5 0.617 rst 0.937 n-t 0f 0f 0d 0d
Omerbey N6 3.180bcd | 2.393d-k  5.667 c-f 0f 1.000 cd 0d
MS 1.717g-q | 2.703c-g Of 0.333f 0d 0d
SH 1.3271-s 1.5331-s 19.667 a 0f 6.667 a 0d
B5 0.877 o-t 1.2601-t 1.00 f 0.333f 0d 0d
Artemis N6 1.950 e-0 2.640 c-h 3.333 ef 0f 0d 0d
MS 6.700 a 0.253t 3.00 ef 0f 0d 0d
SH 1.893 f-o 2.203d-m 6.333 c-f 0f 0.667 d 0d
B5 1973 e-n | 2.257d-1 1.000 f 0f 0d 0d
Classe N6 3.140 bcd | 3.020bcd  4.667 def 0f 0d 0d
MS 2.560 c-1 3.783b 10.333 b-e 0f 0d 0d
SH 0.757 p-t 1.143m-t  4.667 def 2.000de 0d 0d
B5 1.5301-s 1.2901-t 4.667 def 0f 0d 0d
0S 66 N6 1.820 f-p 1.790 g-q 16.333ab 5.333 cde 0d 0d
MS 2957 b-e | 0.723 g-t 2.667 ef 0f 0d 0d
SH 1.5001-s 1.2431-t 4.333 def 2.333 ef 0d 0d
B5 1.5231-s 0.563 rst 3.333 ef 0f 0d 0d

*: Ayni satirda ve siitunda farkl kii¢iik harflerle gosterilen ortalamalar arasindaki farklilik 0.05 diizeyinde 6nemlidir.

Arastirma sonucunda en yiiksek kallus agirlig1 petri basina 6.7 g ile Artemis ¢esidinde yaprak eksplantinda MS
besin ortaminda elde edilirken en diisiik yine Artemis cesidinde kotiledon eksplantinda MS besin ortaminda elde
edilmistir (Tablo 1.). En fazla petri basina somatik embriyo sayisi ise Prosementi ¢cesidinde B5 besin ortaminda;
Gea, Omerbey ve Artemis cesitlerinde SH besin ortaminda; Classe c¢esidinde MS besin ortaminda ve 0S-66
¢esidinde ise N6 besin ortaminda yaprak eksplantinda belirlenmistir. Savas c¢esidinde ise sadece kotiledon
eksplantinda N6 besin ortaminda somatik embriyo gozlenmistir. En yiiksek petri basina somatik embriyo sayilari
yaprak eksplantinda Prosementi, Gea, Omerbey, Artemis, Classe ve 0S-66 cesitlerinde sirasiyla 12.00, 13.00,
19.667, 6.333, 10.333 ve 16.333 adet, kotiledon eksplantinda ise Savas, Omerbey, Classe ve 0S-66 cesitlerinde
sirasiyla 0.667, 0.333, 2 ve 5.333 adet olarak kaydedilmistir.

Petri basina bitkicik sayilar1 incelendiginde kotiledon eksplantinda yonca gesitlerinde hi¢bir ortamda bitkicik
gelisimi olmamistir. Ancak yaprak eksplantinda Prosementi ¢esidinde 3.667 adet ile B5, Gea ve Artemis
cesitlerinde 2.667 ve 0.667 adet ile SH, Omerbey cesidinde ise 1.00 ve 6.667 adet ile N6 ve SH besin ortamlarinda
bitkicik gelisimi belirlenmistir.
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Sekil 1. Omerbey yonca cesidinde somatik embriyogenesis ile bitki rejenerasyonu
a. Kallus olusumu ve embriyo gelisimi; b. Bitkicik gelisimi

4. Tartisma ve Sonug¢

Daha 6nce yonca ile yapilan ¢alismalarda somatik embriyo olusumunda etkili olan faktdrler genotip, eksplant
kaynag1 ve besin ortaminin icerigi olarak bildirilmektedir (8). Brown ve Atanassov (17), ytriittiikleri calismada;
farkli yonca tiirlerinden 76 genotipi somatik embriyo ve kallus liretim kapasiteleri agisindan kiyaslamislardir.
Kallus ve embriyogenesis ac¢isindan genotipler arasinda biiyiik bir varyasyon gézlemlemislerdir. Eksplant ve
ortam protokolii ne olursa olsun yiiksek rejenerasyon kapasitesine sahip genotiplerin diisiik rejenerasyon
kapasitesine sahip genotiplerden daha fazla somatik embriyo iirettigini bildirmislerdir. Benzer sekilde Chen ve
Marowitch (18), Medicago falcata’da somatik embriyo olusturmak amaciyla 17 ekotip incelemis, eksplant
kaynag1 olarak ise kotiledon, kok, hipokotil ve yaprak kullanmiglardir. Arastirma sonucunda genotip ve
rejenerasyon yetenegi arasinda dnemli bir iliski oldugunu ve 17 ekotipin 10 tanesinin rejenerasyon yetenegine
sahip oldugunu bildirmistir. Nolan vd. (19) ise M. truncatula tiiriinde tohumdan gelisen bitkilerden alinan
yapraklar eksplant olarak kullanildiginda rejenerasyon orani diisiikken rejenere olan bitkiler eksplant kaynagi
olarak kullanildiginda rejenerasyon oraninin yiiksek oldugunu, Moltrasio vd. (4) de resiprokal melezler ve anag
klonlarin kendilenmis dolleri ile yiirittikleri denemelerde somatik embriyogenesisin iki tamamlayic1 genin
kontrolii altinda oldugunu tespit etmislerdir. Benzer sekilde bu calismada da gesitler arasinda embriyogenesis
acisindan 6nemli farkliliklar gézlenmistir. Savas cesidi disinda diger cesitlerde yaprak eksplantinda ortamlara
gore degisen sayllarda somatik embriyo elde edilirken, Savas c¢esidinde somatik embriyo olusumu
gerceklesmemistir.

Erisen (8) somatik embriyogenesis ile rejenerasyonun biiyiik oranda genotipe bagh oldugu ancak kullanilan
protokoller ve eksplant seciminin de embriyo olusumunda etkili oldugunu bildirmektedir. Erisen (8)
rejenerasyon yetenegine sahip Verco ¢esidinde yaprak eksplantinda eksplant basina 94 adet somatik embriyo
elde ederken, yaprak sapi eksplantinda 6 adet somatik embriyo elde etmistir ve elde ettigi somatik embriyo
sayllarinin bu denemede elde edilen degerlerden oldukga yiliksek oldugu goriilmektedir. Bu ¢alismada da
eksplantlar arasinda somatik embriyo sayilar1 bakimindan farkhliklar gézlenmis olup yaprak eksplantinda petri
basina daha fazla sayida somatik embriyo sayilmistir.

Temel besin ortamlari incelendiginde ise yaprak eksplantinda cesitlere gore degismekle birlikte N6, B5 ve SH
ortamlarinda daha fazla petri basina somatik embriyo sayisi elde edilmistir. En fazla petri basina bitkicik sayilari
ise Prosementi ¢esidinde B5 ortaminda elde edilirken; Gea, Omerbey ve Artemis ¢esitlerinde SH ortaminda elde
edilmistir. Takamizo vd. (20), 26 yonca ¢esidinde somatik embriyo olusumunu inceledikleri ¢alismalarinda B2,
B5h, UM ve SH ortamlarini kullanmistir. Arastirma sonucunda Tachiwakaba yonca c¢esidinde hipokotil
eksplantaninda somatik embriyo gelisimi i¢in en uygun ortamin 4 mg/L 2,4.D ve BAP iceren UM ortami oldugunu
tespit etmislerdir. Sangra vd (12) ise yoncada B5H-B5 kallus ve embriyo gelistirme ortamlarinin yiiksek embriyo
verimi ve bitkicige doniisiim orani verdigini bildirmektedir. Saha vd. (21) bitki tlirlerinde embriyo rejenerasyonu
ve gelisimi i¢in her elementin ayri bir etkiye sahip oldugunu, ortamin makro ve mikro element iceriginin
embriyo olusumunu ve gelisimini etkiledigini rapor etmislerdir.

Bu ¢alisma kapsaminda iilkemizde yetistirilen baz1 yonca gesitlerinde 6ncelikle somatik embriyogenesis ile bitki
rejenerasyonu amaclanmistir. Arastirma sonucunda kullanilan gesitler degerlendirildiginde en yiiksek somatik
embriyo ve bitkicik sayis1 sirasiyla 19.667 ve 6.667 adet ile Omerbey cesidinden SH temel besin ortaminda
yaprak eksplantindan elde edilmistir. Petri basina somatik embriyo ve petri basina bitkicik sayilarinda c¢esit x
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eksplant x ortam interaksiyonu 6énemli bulunmustur. Petri basina somatik embriyo ve bitkicik sayilar birlikte
degerlendirildiginde Omerbey cesidinin somatik embriyogenesis ile bitki rejenerasyonu icin timitvar bir gesit
oldugu soylenebilir.
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0z: Bircok iilkede betonarme binalarin ¢ogunlugu giincel sismik kodlara goére
tasarlanmamustir. Bu binalar genellikle giiclii zemin hareketleri sirasinda hasara ve
cokmeye karsi hassastir. Tipik olarak, bu tiir binalardaki kolonlar yetersiz ve genis
aralikli enine donatiya sahip olup gerekli sismik donat1 detaylarindan yoksundur.
Bu binalarin deprem hasar1 degerlendirilirken gézlemlenen davranisin mukavemet
ve deformasyon kapasitesi agisindan degerlendirilmesini gerektirmektedir. Bir
kolondaki yanal deformasyonlar egilme, donat1i siyrilmasi ve kesme
deformasyonlari olmak iizere li¢ b6liimden olusmaktadir. Bu deformasyonlarin her
biri igin SAP2000 programiyla monotonik ve histeretik tepkileri ayr
modellenmistir. Oncelikle kolon monotonik modeldeki egilme, donati siyrilmasi ve
kesme deformasyonlar1 icin plastik mafsal modeli ile, daha sonra histeretik
modelde ise monotonik modelden elde edilen sonuglar SAP2000 histeretik pivot
modelinde kullanilarak modellenmistir. SAP2000 modellerinden elde edilen
sonuglar, deneysel verilerle karsilastirildiginda, kullanilan modellerin, betonarme
kolonlarin yanal ytklere tepkisini tahmin etmede iyi bir performans sergiledigi
gosterilmistir. Bu sonuglara gore, daha komplex analiz metodlar ile ¢oziilen
monotonik ve histeretik kolon yanal deformasyon modellerinin SAP2000
programiyla daha basit halde ¢oziilebildigi gosterilmistir.

Monotonic and Hysteretic Analysis of Columns Exposed to Lateral Load with SAP2000

Keywords

Weak column,
Flexural deformation,
Shear deformation,
Reinforcement slip,
SAP2000,

Hysteretic Model

Abstract: Majority of the concrete buildings in many countries are not designed
according to the current seismic codes. These buildings are susceptible to damage
and collapse during strong earth movements. Typically, the columns in such
buildings have inadequate and wide-spaced transverse reinforcement and lack the
necessary seismic reinforcement details. The evaluation of the earthquake damage
of these buildings requires the evaluation of the observed behaviour in terms of
strength and deformation capacity. The lateral deformations in a column consist of
three parts: flexural, reinforcement slip and shear deformations. For each of these
deformations, monotonic and hysteretic responses were modeled separately by
the SAP2000 program. First the column was modeled with plastic hinge model for
flexural, reinforcement slip and shear deformations in monotonic model; then in
the hysteretic model, the results obtained from the monotonic model was modeled
using the hysteretic pivot model in SAP2000. The results obtained from the
SAP2000 models have been shown to perform well in predicting the reaction of the
reinforced concrete columns to lateral loads compared to the experimental data.
According to these results, it has been shown that monotonic and hysteretic
column lateral deformation models solved by the more complex analysis methods
are simplified by the SAP2000.

lgili Yazar, email: silaavgin@ksu.edu.tr

1. Giris

Giiniimiizde ¢ogu tilkede giincel sismik kodlara gore tasarlanmayan ¢ok sayida betonarme bina bulunmaktadir.
Bu yapilar o tarihteki kod ve standartlara gore insa edilmis yapilardir. Bugiin ¢ogu tilkede bu yapilar, gereken
detaylar olmadan tasarlanmaya ve insa edilmeye devam etmektedir. Depremler sonrasi yapilan arastirmalar,
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betonarme bina ¢okmelerindeki temel nedenin zayif bir sekilde tasarlanmis betonarme kolonlar oldugunu
gostermektedir. Tipik olarak, bu tip yapilardaki kolonlar yetersiz ve genis aralikli enine donatiya sahip olup
gerekli sismik donati detaylarindan yoksundur [1]. Yanal yiliklere maruz kalan betonarme kolonlarin toplam
yanal deformasyonu; Sekil 1'de gdsterilen kolon ucundaki donati siyrilmasi, kesme ve egilmeden kaynaklanan
deformasyonlarin toplamidir. [2]

M

m o - Aegﬂme mM —] |- A;q eihma .:Y_ | Akesme

+ +

M /M ~

Egilme Donati Siyrilmasi Kesme

Sekil 1. Yanal yiiklere maruz kalan betonarme kolonlarin bilesenleri [3]

Donati ¢gubugunun siyrilma davranisini 6l¢gmek icin yapilan ilk calismalar 1970’li yillarda ortaya ¢ikmis ve bugiin
hala aktif bir arastirma konusu olmaya devam etmektedir. Otani ve Sozen [4] modellerinde uygulanan moment
ile ¢elik gerilmesi arasinda dogrusal bir iliski oldugunu kabul etmistir. Eligehausen ve ark. [5] California
Universitesi’nde betona gomiilii donati qubugunun aderans gerilmesini belirlemek amaciyla deneysel ve analitik
calismalar yapilmistir. Bu modelde aderans gerilmesi bolgesel gerilmenin aksine ¢ubuk tizerindeki her noktada
siyrilma ile ilgilidir. Bolgesel siyrilmanin aderans gerilmesi ile ilgili oldugu bir model kullandigindan, siyrilma
modeli karmasiktir. Bu ylizden bu problem tek asamada ¢éziimlenemez. Dogrusal olmayan denklem sistemlerini
¢6zmek icin bir tekrarlama semasi uygulanabilir. Morita ve Kaku [6] farkli yaklasim kullanarak ortalama aderans
gerilmesini ¢elik gerilmesi ile orantili olarak kabul etmistir. Alsiwat ve Saatgioglu [7] iki kademeli aderans
gerilmesi 6nermislerdir. Cubuk akmadan 6nce, sabit elastik aderans gerilmesi, ¢ubuk plastik deformasyonla
karsilastikca ayri bir siirtiinme aderans gerilmesi kullanmislardir.

Mevcut betonarme kolonlarin kesme mukavemetinin degerlendirilmesi icin, California Department of
Transportation (Caltrans) [8] enine donati katkisinin (V) dahil edildigi kesme dayanimini (1},) hesaplamistir.
Beton katkis1 V,, uygulanan eksenel yiik, yer degistirme siinekligi ve sargilamanin bir fonksiyonu olarak kabul
edilmistir. FEMA-273, NEHRP Guidelines for the Seismic Rehabilitation of Buildings [9] kolon kesme dayanimi
denklemleri, eksenel yiik ve ters ¢evrimli yanal yerdegistirmelere maruz kalan mevcut kolonlar i¢in mevcut
deneysel verilerin gozden gecirilmesine dayanmaktadir. FEMA-273 dokiimanlarinda, eski kolonlardaki stineklik
talepleri basit bir sekilde dikkate alinmaktadir. Sezen [1] kesmede yetersiz olan 4 betonarme kolonu test etmis
ve kuvvet-kesme yerdegistirmesi i¢in pargali dogrusal bir model 6nermistir. Vecchio ve Collins [10] betonarme
elemanlarda kesme davranisini iyilestirmek icin modifiye basing alani teorisini (MCFT) gelistirmistir. Aslinda bu
teori levha elemanlar icgin gelistirilmis olup daha sonra kiris ve kolon gibi betonarme elemanlarda
iliskilendirilmistir.

Sismik ve eksenel yiiklere maruz kalan zayif donatili betonarme kolonlarin yanal deformasyon davranisinin
tahmin edilmesi icin, yapisal elemanlarin mukavemet, rijitlik ve enerji yayilimi 6zelliklerini iceren uygun
histeretik modeller gerekmektedir. Sismik yiikleme altindaki betonarme elemanlarin yanal kuvvet-egilme
deformasyon karakteristiklerini simiile eden, egilme i¢in gesitli histeretik modeller tretilmistir. Clough [11],
rijitlik bozulmasini iceren basit bir elasto-plastik histeretik model énermistir. Iki parcali dogrudan olusan egri,

i¢ par¢ali dogrudan olusan egridir ve yilik bosaltma noktasinin 6tesindeki tepki iki parcali dogrudan olusan bir
iliski izler. 1k inelastik déngii sirasinda enerjinin yayilmasi, sonraki déngiilerden daha biiyiiktiir. Imbeault ve

akma sonrasi kisminin rijitliginin, baslangi¢ yiikleme rijitliginin yiizde ti¢line esit oldugu tanimlanmistir. Takeda
ve ark. [14] sismik harekete maruz kalan betonarme yapilarin énemli bir 6zellii olan artan hasara bagh olarak

¢ubugunun akmasinda ve betonun ¢atlama egimindeki degisiklik ile ii¢ diizgiin segmentle tanimlanmaktadir.
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Betonarme elemanlarin sismik yiikleme altindaki yanal kuvvet-siyrilma deformasyon o6zelliklerini dngéren
donat1 siyrilmasi icin ¢esitli histeretik modeller mevcuttur. Otani [15], histeretik siyrilma modeli, iki pargal
dogrudan olusan birincil zarf kullanmistir. Otani modeli, histeresiz déngiilerinin sikismasini icermez. Soleimani
[16], donati siyrilmas1 deformasyonlarinin dénme yaylari ile modellendigi histeretik bir model sunmustur.
Banon, Biggs ve Irvine [17], donat1 siyrilmasi ve kesmenin birlikte etkisini simiile etmek i¢in histeretik bir model
Oonermislerdir. Birincil egri iki parc¢ali dogrudan olusmaktadir.

Sismik yiikleme altindaki yanal kuvvet-kesme deformasyon 6zelliklerini 6ngoren cesitli kesme histerik model
calisilmistir. Takayanagi ve Schnobrich [18], kesme kuvveti-kesme deformasyon iliskilerinde daha yaygin olan

edildigi bir model 6nermistir. Kesme etkisi, moment-dénme iliskisine dahil edilmistir.

Bu ¢alismada, hafif betonarme kolonlarin SAP2000 [19] ile toplam yanal deformasyonunu tahmin etmek igin
monotonik ve histeretik yiikler altinda egilme, donati siyrilma ve kesme deformasyonlari modellenecektir. Bu
calismada, proje mithendisleri icin kullanim kolayligindan dolay:1 genel amacgh yapisal analiz programi SAP2000
tercih edilmistir. ilk olarak, her deformasyon tipi ayr1 modellenecek ve zayif betonarme kolonlarin yanal
deformasyonu her deformasyon tipi i¢cin tahmin edilecektir. Daha sonra bu li¢ model, zayif betonarme kolonun
yanal deformasyonunu tahmin edebilen bir genel model olusturmak icin birlestirilecektir. Elde edilen monotonik
tepkiler histeretik tepkilerin modellenmesinde kullanilacaktir.

2. Model Dogrulamasi i¢in Secilen Deneysel Calisma
2.1. Numune Tanimlar1 ve Malzeme Ozellikleri

Modellemede kullanilacak deneysel veriler Sezen [1] tarafindan yapilan deneysel ¢alismalardan elde edilmistir.
Test numunesi yliksekligi ve tipik kolon kesiti Sekil 2’de gosterilmektedir. Kolon 46 cm*46 cm kesitlerde ve
kolon ytiksekligi 295 cm boyutlarindadir. 8 adet ¢28 boyuna donati kullanilmistir. Boyuna donatilarin ortalama
akma dayanimi ve nihai dayanimi sirasiyla 434 MPa ve 645 MPa dir. ¢10 enine donatilarin 6l¢iilen akma
dayanimi ve nihai dayanmimi sirasiyla 476 MPa ve 724 MPa dir. Enine donati 31 cm esit araliklarla
yerlestirilmistir. Kolon ve kirisler i¢cin boyuna donati1 izerinden 5 cm pas pay1 bulunmaktadir. Kolon boyuna
cubuklari kirislerin iist ve alt kisimlarinda 90° egilmistir. Betonun 28 giinliik belirlenen basing dayanimi 21 MPa
dir. [1]
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Sekil 2.Test numunesi yiiksekligi, tipik kolon Kesiti ve test kurulumu [1]
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2.2.Yiikleme Davranislari
Test kolonu 0.15f A, (f/= Olgiilen beton basing gerilmesi, Ag: briit kesit alan1) degerine esit olan 667 kN sabit bir

basing eksenel yiike ve Sekil 3'te gosterildigi gibi egilme, donati siyrilmasi, kesme ve toplam standart yanal yer
degistirme yiiklemesine sahiptir. [20]
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Sekil 3. Yanal yerdegistirme yiiklemeleri [20]
3. Malzeme
3.1. Beton Modelleri

Mander ve ark. 1988 yilinda hem spiral hem de dikdortgen enine donatili kesitlere uygulanabilen bir model
Oonermislerdir. Betonun gerilme-sekil degistirme iliskisi, enine donati ile sarilmasi durumunda, sarilmamis
duruma gore 6nemli farkliliklar gésterdiginden dolayi, beton sargili ve sargisiz olmak tizere 2 farkl kategoride
incelenecektir. Mander ve dig. (1988) tarafindan sargili beton icin gelistirilen gerilme-birim sekildegistirme
modelinde, sargi etkisi ihmal edilirse, model sargisiz model i¢inde kullanilmaktadir. [21] Bu ¢alismada Sekil 4’te
gosterildigi gibi sargili ve sargisiz beton icin Mander Beton Modeli kullanilmistir.

25

Gerilme (MPa)
= [uy N
o (0] o

(9]

0 0,005 0,01 0,015 0,02
Birim Sekildegistirme
Sargisiz Beton

Sargili Beton

Sekil 4. Mander Beton Modeli
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3.2. Celik Modeli

Donati ¢eliginin davranisi, elastik davranis, akma platosu ve dogrusal olmayan birim sekildegistirme-peklesme
bolgesi olmak iizere li¢ bolge tanimlanarak modellenmistir (Sekil 5). Sezen tarafindan test edilen kolonlar igin,
boyuna ¢elik gerilme-birim sekil degistirme modelini tanimlamak icin asagidaki parametreler kullanilmistir:

f, = 63 ksi (434 MPa) egn = 0.016
£, = 93.5 ksi (645 MPa) g, =0.23
E; = 29000 ksi (2*105 a=0.02
MPa)

800

600

400

200
) 0
50,3 -0,2 0,1 0,1 0,2 0,3
v -200
E
3 -400
€]

0
-800

Birim Sekildegistirme

Sekil 5. Celik modeli
4. Deformasyon Bilesenleri
4.1. Monotonik Davranisin Deformasyon Modelleri
4.1.1. Egilme Deformasyonu
Bir betonarme kesitin egilme tepkisi, moment-egrilik analizi ile hesaplanabilir. Moment-egrilik analizi, her
malzemenin dogrusal olmayan davranisi kullanilarak yapilmistir. Bu ¢alismada, betonarme kolonlarin moment-
egrilik iliskisini elde edebilmek icin SAP2000 programinin Section Designer modiilii kullanilmistir. Egilme

deformasyonlarindan kaynaklanan kolonun yanal yerdegistirmesi, egrilik dagiliminin kolonun yiiksekligi
boyunca integrali alinarak hesaplanabilir:

L
A = fgb(x)xdx (1)
0

burada ¢ (x)= egrilik dagilimi, x kolon ekseni boyunca 6lgiiliir ve L= kolon yiiksekligidir. Denklem 1, boyuna
celikte baslangi¢ akmasina kadar yanal yiikler icin egilme deformasyonlarini hesaplamak i¢in kullanilmistir.
Akma meydana geldikten sonra, egilme deformasyonlari bir plastik mafsal modelinden hesaplanir:

L
A= Apy+ (¢ — )Ly (a — 7”) @)

burada A¢ ,,= Denklem 1’de integrasyon methodu kullamlarak hesaplanan akma anindaki egilme deformasyonu,
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¢ = kolon ucundaki egrilik ve ¢, = akma anindaki egrilik, a= kesme agikhigidir ve her iki ucu ankastre bir kolon
icin L/2 'ye esittir [22]. Plastik mafsal uzunlugu L, Moehle'nin onerileri dogrultusunda toplam kesit derinliginin
yarisi olarak alinmistir. [23]

4.1.2. Donat1 Siyrilmasi Deformasyonu

Betonarme bir kolon, egilme momentine maruz kaldiginda gerilme, cekme donati ¢ubuklarinin beton igerisindeki
uzunluk boyunca birikir. Bu, ¢ubuklarin kolon sabit u¢larinda ankraj betonuna gére uzamasina veya kaymasina
neden olur. Bu uzama genellikle donati siyrilmasi olarak bilinir ve Sekil ' de gdsterildigi gibi kolonun rijit-cisim
doénmesine yol acar. [3]

Bu ¢alismadaki model i¢in, aderans gerilmesi elastik ¢elik davranisi icin bir degere ve akma gerilmesinden daha
biiyiik celik gerilmeler i¢in bir deger olan iki-kademeli fonksiyon olarak tahmin edilmistir. Elastik araliktaki
aderans gerilmesinin degeri, u;, = \/ﬁ, elastik olmayan aralik igin u; = 0.5\/ﬁ olarak alinmistir [22]. Donati
¢ubugunun yiikli ucundaki siyrilma, iki-kademeli sekildegistirme dagiliminin, gelistirme uzunlugu boyunca
integrali alinarak donati siyrilmasi hesaplandiginda;

&l 3
syyrilma = STd & < &y, (3)
&yl &, + &)L 4
syyrilma = y2d+(y ZS)d & > &y ()

burada l; = fid),/4u, ve 1y = (f;—f,)dp/4uy sirasiyla cubugun elastik ve elastik olmayan kismi igin gelisme
uzunluklaridir. f;= ¢ubugun yikli ucunda gerilme, f,= celik akma gerilmesi, d,= boyuna donati ¢api, &=
cubugun yiikli ucundaki sekildegistirme, &,= celik akma sekildegistirmesidir. Donati siyrilmasindan
kaynaklanan dénme, Sekil 6'dan hesaplanabilir.

_ siyrima (5)
ST od-—c

burada d ve c = gekme ¢eliginin ve notr eksenin asal kompresyon lifinden merkeze olan mesafeleridir. Bir konsol
kolonunun serbest ucundaki donati siyrilmasidan kaynaklanan yanal yerdegistirme, siyrilma dénmesi 6_s ve
kolon uzunlugundan L hesaplanabilir: [24]

Ag = 6L (6)
i —i —c —]

siyi-ilhna -\‘_es\? ;IV_F
T ,d”'”’ «J | ° 4 5 ° 1luc
‘ | l“b A
‘ld ,l ] = =
1 !

d

Sekil 6. Donati siyrilmasindan kaynaklanan dénmesi [23]

4.1.3. Kesme Deformasyonu
Betonarme elemanlardaki kesme deformasyonlari, tasarim ve arastirmalarda geleneksel olarak géz ard:

edilmislerdir. Aksine, daha siki sismik tasarim hiikiimlerine gore tasarlanmamis bir betonarme kolon i¢in, kesme
davranisi gocme kriteri olabilir. Bu tiir kritik betonarme kolondaki kesme deformasyonlari, toplam
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deformasyona oranla biiyiik bir ylizdeye sahiptir ve bu nedenle deformasyon kapasitesinin dogru bir analizi
gerektiginde goz ardi edilemez [1].

Bu arastirmada kullanilan kesme modeli, Patwardhan [25] tarafindan gelistirilen modeldir. Patwardhan, yanal
kuvvet-kesme deformasyon tepkisindeki kilit noktalar1 tanimlayan denklemler kullanarak parametrik bir
¢alisma ile tanimlanmis ve bu noktalar modeli tanimlamistir. (Sekil 7)

- Maksimum Dayamim Kesme Azalmasimu]
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Yanal Yik

cr

Eksenel Yik
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1 1 1 1 1
Kesme verdegistirmesi
Sekil 7. Patwardhan tarafindan énerilen yanal yiik-kesme modeli

Bu calismada ilk nokta kesme kirilma noktasidir. Patwardhan regresyon analizi sonuglari kullanarak, kesme
kirilma dayanim denklemi 6nermistir:

GA
Vip = Ay oy * —2 Ayer = ( + 0.0062) (7)

L 50000

burada G= betonun kesme modiilii, P = eksenel ytik, A;= brut kesit alan1 ve L= kolon ytiksekligidir. Ikinci nokta
maximum gerilme noktasidir ve kesme gerilmesine etki eden beton ve celik kesme bilesenlerinin toplamu ile elde
edilir:

Vo = k(e + V) (8)

0.5/f"c L P

a/d 0.5y/f' Ay

+ < Asp/élwdc>

burada V; = kesmede enine donati katkisi, V. = kesmede beton katkisi, f,= beton basin¢g dayanimi, a= kesme
acikhigl, d= etkili derinligi, As,= ylk yoniinde enine donatinin alan, f,,,= enine donatinin akma gerilmesi ve s=
enine donatilar arasindaki farktir.

0.84,

Gerin ve Adebar kesme dayanim azalmasinin basladigi bir nokta tanimlar [26]. Ancak, onlarin modelleri, akma
ve kesme sekildegistirmesi siinekliginde teorik bir kesme yerdegistirmesine dayanmaktadir. Nihai kesme
sekildegistirmesi, y,, ve A,,,, Denklem 9 kullanilarak hesaplanmistir.

= (4-125)% Bou = Vul (9)
c

burada; v, = tepe mukavemetindeki kesme gerilmesidir (Vyeqx/bd).
Patwardhan modelindeki kesme dayanim azalmasi baslangicindan sonra, kesme dayanimi, eksenel yiik gé¢mesi

noktasina artan kesme deformasyonuyla lineer olarak azalir. Eksenel yiik go¢mesinde yanal kuvvetin sifir oldugu
varsayilir. Eksenel yiik gocmesindeki kesme deplasmani su sekilde hesaplanir :

Av,f = Dypr — Af,f - As,f 2 Av,u (10)
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burada Ay r= eksenel ylk gocmesindeki toplam yerdegistirme, Ar(ve A;, sirasiyla eksenel yik gbgme

noktasindaki, egilme ve siyrilma yerdegistirmeleridir. Eksenel yiik go¢mesindeki toplam sapma, Elwood ve
Moehle [27] tarafindan dnerilen eksenel kapasite modelinden hesaplanir:

11
A 4 1+ tan?6 (1)
ALF =
100 s
tanf + P (A—sp Fomdatan 6)

burada 6= kesme kirilma acis1 ve bu a¢inin 65 derece oldugu kabul edilir.
4.1.4. Toplam Deformasyon

Yanal yiiklemeye maruz kalan bir kolonun tepkisini modellemek i¢in, ii¢ deformasyon bileseninin hepsi, birbirine
baglh olduklarindan dolay:1 toplam yanal deformasyonu tahmin etmek icin birlestirilmelidir. Tepe 6ncesi tepkisi
icin, toplam deformasyonun tahmin edilmesi amaciyla egilme, donat1 siyrilmasi ve kesme deformasyonlarin
basitce eklenebilecegi varsayillmaktadir. Bu basit kombinasyon, kolonun maksimum giicline ulasilana kadar
devam eder. Tepe sonrasi davranislarda kolon; kesme, akma ve egilme mukavemetinin karsilastirilmasina
dayanan bes kategoriden birinde siniflandirilir ve her bir kategori i¢cin deformasyon bilesenleri belirlenen
kurallara gore kombinasyon yapilir.

Kolonlarin = smiflandirilmasi, kesme dayanmmimn (1), akma dayammimn (V) ve Kolonlarin egilme
mukavemetinin (V},) karsilagtirlmasina dayanmaktadir. Akma mukavemeti V},, kolondaki ¢ekme ¢ubuklarinin ilk
akmasina karsilik gelen yanal yiiktir. Egilme mukavemeti V,, egilme analizi sirasinda hesaplanan tepe
momentine karsilik gelen yanal yiik olup kesme dayanimi V, ise Sezen ve Moehle [2] tarafindan Onerilen bir
denklemden hesaplanir.

> Kategori-1(V, <V,)
Kolonun kesme mukavemeti, akma mukavemetinden daha azdir ve kolon egilme davranisinda elastik kalirken,
kesmeden kaynakli olarak goger.

> Kategori-2 (V, <V, < 0.95V,)
Kesme kuvveti, egilme mukavemetinden daha azdir ve kolon kesmede zayiftir, ancak kesme gé¢cmesinden dnce
ortaya c¢ikan elastik olmayan egilme deformasyonu, tepe sonrasi davranisi etkiler.

> Kategori-3 (0.95V, <V, < 1.05V,)
Kolonun kesme ve egilme dayanimlar1 esas olarak dzdestir. Kesme ve egilme gd¢mesinin eszamanli olarak
gerceklestigi varsayilir ve her iki mekanizma da tepe sonrasi davranisa katkida bulunur.

> Kategori-4 (1.05V, <V, < 1.4V,)

Kesme mukavemeti egilme mukavemetinden daha biiyiiktiir ve kolon egilme sirasinda goégebilir, ancak biiytik
kesme deformasyonlar1 tepe sonrasi davranisi etkiler ve yer degistirmeler arttikca kesme gécmesi meydana
gelebilir.

> Kategori-5 (V,, > 1.4V),)

Kesme dayanimi egilme dayanimindan ¢ok daha biiyiiktiir ve kolon kesme davranisinda elastik kalirken,
egilmeden kaynakl olarak gécer.

Kategori-1 kolonlar i¢in, Denklem 10’da kullamilacak Af r ve A ¢ degerleri sifir kabul edilir. Kategori-2 kolonlari
icin, kesme mukavemeti egilme mukavemetinden daha azdir ve bu degerler, kolonda kesme mukavemetine esit
yikte egilme ve siyrilma deformasyonlar: olarak alinir. Kategori 3, 4ve 5 igin, Af rve Ag » hesaplanan maksimum
egilme ve siyrilma deformasyonlaridir. [27]

4.2 Histeretik Davranisin Deformasyon Bilesenleri

4.2.1 Histeretik Egilme Deformasyonu

Egilme deformasyonlari, betonarme elemanlarda en iyi anlasilan ve en kolay modellenebilen deformasyonlardir.
Bir betonarme elemanin egilme-dominant tepkisi genellikle kararli histeresiz dongiileri ile sonuglanir ve biiyiik
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bozulmasi kii¢iiktiir ve bu da sisman histeresiz dongiilerine neden olur. Ayrica, histeresiz ddngiilerin
deformasyon araliklari dahilinde neredeyse herhangi bir bozulma olmaksizin monotonik yiik kapasitesine
ulasmaktadir. [20]

4.2.2. Histeretik Donati Siyrilmas1 Deformasyonu

Yanal ytikler altindaki kolonlarda ¢evrimsel donati siyrilmasi deformasyonlarini dogru bir sekilde tahmin edecek
bir hesaplama ag¢isindan verimli histeretik modelin gelistirilmesine ihtiya¢c duyulmaktadir. Donat1 siyrilmasi ve
ilgili deformasyonlar bir¢ok farkli yoldan kaynaklanmaktadir. Tepkinin 6zellikleri, donati ¢ubugu niteligi ve
uzunlugu Uzerine dayanmaktadir. Betonarme elemanlarin histeretik halkalar1 genellikle yeniden yiikleme
sirasinda egimde belirgin bir degisiklik gostermektedir. [20]

4.2.3. Histeretik Kesme Deformasyonu

Kesme deformasyonlari betonarme yapilarin sismik tepki analizinde toplam deformasyonun yiizde onundan
daha azini olusturdugu icin genel olarak gozardi edilmistir. Ancak, kesme deformasyonlari, kesmede kritik
kolonlar icin biiytiktir ve sismik yiikler altindaki kolonlarin histeretik davranisinin dogru bir tahmini
isteniyorsa, goz ardi edilemez.

Kesme kuvveti-kesme deformasyon iliskisi, histerizis dongilerinin belirgin bir gsekilde sikismasini
gostermektedir. Betonarmenin karakteristik 6zelligi, nispeten ytliksek elastik olmayan kesme deformasyon
dongiileri seviyelerinde rijitlik bozulumu sergilemektir. Deformasyon dongiilerinin sayisi arttik¢ca veya kesme
deformasyonunun buyiikliigii arttik¢a, betonarme eleman yeniden yiikleme sirasinda daha yumusak hale gelir.
Ayrica, kesme kritik kolonlar tersinir yiikleme altinda artan mukavemet kaybi sergiler. Mukavemet azalma
derecesi, beton sargilamasi, kesme kuvveti, yiikleme ge¢misi ve eksenel yiik seviyesi gibi birgok parametreye
baglidir. Erken ve hizli mukavemet azalmasi, biiyiik eksenel basing varliginda yapisal tepki tizerinde ¢ok 6nemli
bir etkiye sahip olabilir. [20]

4.2.4. Pivot Histeretik Model

Bu model, betonarme elemanlar i¢in ¢ok uygundur. Bosaltma ve geri yiikleme islemlerinin, hareket-deformasyon
diizleminde pivot noktalar1 olarak adlandirilan belirli noktalara dogru yonelme egilimine dayanmaktadir (Sekil
8). Bu modelin en yaygin kullanimi moment-dénme i¢indir. Bu model tam olarak Dowell, Seible ve Wilson'da
(1998) agiklanmistir. Pivot modeli i¢in asagidaki ek parametreler belirtilmistir:

» a,, Pozitif kuvvetten bosaltma i¢cin dénme noktasini sifirlayan bir degerdir. Bosaltma pozitif elastik
¢izginin uzantisindaki bir noktada meydana gelir.

» a,, Negatif kuvvetten bosaltma i¢cin donme noktasini sifirlayan bir degerdir. Bosaltma negatif elastik
¢izginin uzantisindaki bir noktada meydana gelir

» [, pozitif kuvvete dogru sifirdan ters yiikleme i¢in pivot noktasi bulur. Yeniden yiikleme, pozitif elastik
¢izgi Uzerindeki bir noktaya dogru, pozitif akma kuvvetininf; katikuvvet degerinde, 0.0
< f3:< 1.0 oldugu bir noktaya dogru gerceklesir.

» B, negatif kuvvete dogru sifirdan ters yiikleme icin pivot noktasi bulur. Yeniden yiikleme, pozitif elastik
cizgi uzerindeki bir noktaya dogru, pozitif akma kuvvetinin 8, katikuvvet degerinde, 0.0
< f,< 1.0 oldugu bir noktaya dogru gerceklesir.

» 1, plastik deformasyondan sonra elastik egrilerin azalma miktarini belirleyen degerdir. Burada 0.0 < 5
<1.0. Bu parametreler ve davranis sekillerde gosterilmistir. [28]
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Sekil 8. SAP2000 multilinear plastik-pivot modeli [28]

4.2.5. Histeretik Toplam Deformasyon

Yanal yiikler altinda hafif betonarme kolonlarin egilme, donati siyrilmasi ve kesme davranisini ayri simiile etmek
icin Onerilen histeretik modeller verilmistir. Her histeretik tepki bileseni analitik olarak ¢alisilmis ve SAP2000
programi ile modellenmistir. Ancak betonarme yapilarin dogrusal olmayan dinamik analizi i¢in, her fig
deformasyon bilesenini bir araya getirecek ve bu bilesenler arasindaki etkilesimi de hesaba katacak bir kombine
model olusturulmustur.

5. Analiz Sonuglari

5.1 Moment-Egrilik Grafigi

Kolonlarin dogrusal olmayan malzeme modellerinin olusturulmasinda ve moment-egrilik gragifinin elde
edilmesinde SAP2000 “Section Designer” ara yiizii kullanilmistir. Elde edilen grafik Sekil 9’da gosterilmektedir.
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Sekil 8. SAP2000’den elde edilen moment-curvature egrisi

5.2 Monotonik Deformasyon Sonuglari

Monotonik deformasyon SAP2000’de moment-egrilik ve moment-dénme grafikleri kullanilarak plastik mafsal
modeliyle modellenmistir. Deformasyon modellerinin davranisi1 i¢in 4.1.4’te anlatilan kurallar neticesinde
gereken hesaplamalar yapilarak kategori belirlenmistir. Kategori secimi icin yapilan hesaplamalarda segilen
kolonun 4.1.4'te bahsedilen Kategori 3 (0.95V, <V, < 1.05V,) i¢in uygun oldugu gorilmistir. Egilme
deformasyonunda plastik sekildegistirmelerin tiim kolon boyunca oldugu diisiiniilerek plastik mafsallar tim
kolon boyunun her %10'luk kismina yerlestirilmistir. Donati siyrilmasi deformasyonun plastik
sekildegistirmelerin sadece u¢ noktalarda oldugu diisiiniilerek plastik mafsallar kolonun alt ve st noktalarina
yerlestirilmistir. Kesme deformasyonun plastik sekildegistirmelerin sadece u¢ noktalarda oldugu diisiiniilerek
plastik mafsallar kolonun alt ve {ist noktalarina yerlestirilmistir. Toplam deformasyonu modelleyebilmek icin
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egilme, donat1 siyrilmas1 ve kesme deformasyonlarinin moment-egrilik ve moment-donme degerleri gereken
noktalara yerlestirilmistir. Kolonlarin monotonik deformasyonlarini belirlemek amaciyla statik itme analizi

uygulanmistir. Kolonlarin monotonik egilme, donati siyrilmasi, kesme ve toplam yerdegistirme sonuglar1 Sekil
9’da verilmistir.
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Sekil 9. Monotonik deformasyon sonuglari

5.3 Histeretik Deformasyon Sonuglari

Histeretik deformasyon elde edebilmek icin SAP2000’de pivot hysteretik model kullanilmistir. Deneysel
calismada, her kolon icin ATC-24’e [29] gore ylikleme protokolii uygulanmis ve Sekil 3’te gosterildigi gibi
kolonlar icin yerdegistirme ge¢misi olarak kullanilmistir. Her deformasyon bileseni i¢cin monotonik modelden
elde edilen sonuglar kullanilmistir. Analiz i¢in link eleman kullanilip ‘multilinear plastic’ segilerek histeretik pivot
modeli olusturulmustur. Kolonlarin histeretik deformasyonlarini belirlemek amaciyla dinamik analiz

uygulanmistir. Kolonlarin histeretik egilme, donati siyrilmasi, kesme ve toplam yerdegistirme sonuglar1 Sekil
10’da verilmistir.
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Sekil 10. Histeretik deformasyon sonuclari
6. Sonuglar ve Tartisma

Yanal yiikler altinda betonarme kolonlarin testleri, toplam deformasyonun egilme, donati siyrilmasi ve kesme
deformasyonlarindan olustugunu gostermistir. Bu ¢alismada her deformasyon modelinin monotonic tepkisi i¢cin
kuvvet-yerdegistirme modelleri kullanilmistir. Kolonlarin mukavemet, rijitlik ve enerji yayma 6zelliklerini iceren
her deformasyon bilegeni icin histeretik modeller de gelistirilmistir. U¢ bilesenli modeller daha sonra betonarme
betonun toplam yanal davranisini dogru sekilde simiile edebilen genel bir monotonik ve histeretik model
olusturmak i¢in 4.1.4’te belirtilen kurallar ¢ercevesinde birlestirilmistir.

Sezen [1] tarafindan test edilen kolon SAP2000 programinda modellenmis ve monotonik ve histeretik analizler
yapilmistir. Monotonik egilme analizi icin moment-egrilik kullanilarak plastik mafsallar olusturulmus ve kolon
boyunun onda biri araliklar ile yerlestirilmistir. Monotonik donati siyrilmasi analizi i¢in Sezen [1] tarafindan
gelistirilen modele gore plastik mafsallar olusturulmus ve kolonlarin uglarina yerlestirilmistir. Monotonik kesme
analizi i¢cin Patwardhan [25] tarafindan gelistirilen modele goére plastik mafsallar olusturulmus ve kolonlarin
uclarina yerlestirilmistir. Betonarme bir kolonun toplam yanal deformasyonu, egilme, donati siyrilmasi ve kesme
deformasyonlarinin toplami oldugundan, toplam yanal deformasyonlari tahmin etmek icin kolonda ayni1 anda
egilme, donati siyrilmasi ve kesme modeli kullanilmistir.

Egilme, donat1 siyrilmasi, kesme ve toplam tepkiler icin histeretik modeller, SAP2000 histeretik pivot modeli

kullanilarak gelistirilmistir. Kolonun karsilik gelen monotonik tepkilerinden egilme, donati siyrilmasi, kesme ve
toplam deformasyonun doéngiisel kuvvet-yer degistirme iligkisi elde edilmistir. Bu doéngiisel kuvvet-yer
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degistirme iligkileri, ilgili histeretik analiz i¢in birincil omurga egrisi olarak gérev yapmistir. Bir betonarme
elemanin egilme tepkisi, genellikle stabil histerez dongiisii ile sonuglanir ve biiyiik bir enerji emme kapasitesine
sahip istenen bir siinek davranisi sergiler. Donati siyrilmasi deformasyonunun histeretik davranisi, genel olarak
histerezis halkalarinin sikistirilmasi ile karakterize edilir. Kesme kuvvetinin kesme deformasyon iliskilerinde
sikistirma ve histeretik halkalarin kuvvet azaltmasi daha yaygindir.

Bu ¢alismanin sonuglarina gore, su sonuglar ¢ikarilabilir:

> Basit ve genel amacli bir program olan SAP2000 programi ile karmasik, zaman alic1 kesme, donati siyrilmasi
ve toplam deformasyon modellerinin gelistirilebilecegi gosterilmistir.

» SAP2000 tarafindan gelistirilen monotonik ve histeretik egilme, donati siyrilmasi, kesme ve toplam
deformasyon modelleri, kolon icin deneysel monotonik ve dongiisel egilme, donat1 siyrilmasi, kesme ve
toplam yanal yerdegistirmeleri iyi bir sekilde tahmin etmektedir.

» Arastirma, diisiik donat1 kolonlarinin sismik yiik altindaki davranislarinin modellenmesine odaklanmis olsa
da, egilme, kesme ve donati siyrilmasi icin uygun plastik mafsallar kullanilarak her tiirlii betonarme kolonun
yatay yiik altindaki yanal deplasmanlari tahmin edilebilir.

» SAP2000’den gosterilen bu yontem ile, miihendisler akademik programlara ihtiya¢ duymadan kesme ve
siyrilma deformasyonlarini modelleyerek bina performans analizlerini basitce yapabileceklerdir.

Kaynakga

[1]

Sezen, H. 2002. “Seismic Behavior and Modeling of Reinforced Concrete Building Columns,” Ph.D.
Dissertation. University of California, Berkeley, 2002. 324 pp.

Sezen, H. and Moehle, J. P., 2004. “Shear Strength Model for Lightly Reinforced Concrete Columns,” Journal
of Structural Engineering. ASCE, V. 130, No. 11, Nov. 2004. pp. 1692-1703.

Lodhi, M.S. and Sezen, H., 2012. “Estimation of Monotonic Behavior of Reinforced Concrete Columns
Considering Shear-Flexure-Axial Load Interaction,” Earthquake Engineering and Structural Dynamics J., Vol.
41, No. 15, pp. 2159-2175.

Otani, S. and Sozen, M. A., 1972. “Behavior of Multistory Reinforced Concrete Frames during Earthquakes,”
Structural Research Series No. 392. University of Illinois, Urbana, 1972. 551 pp.

Eligehausen, R., Popov, E. P., and Bertero, V. V., 1983. “Local Bond Stress-Slip Relationship of a Deformed
Bar Under Generalized Excitations,” Report No. UCB/EERC 83/23. Earthquake Engineering Research
Center, University of California, Berkeley, Oct. 1983. 169 pp

Morita, S. and Kaku, T., 1984. “Slippage of Reinforcement in Beam-Column Joint of Reinforced Concrete

Frame,” Proceedings of the Eighth World Conference on Earthquake Engineering. San Francisco, July 1984.
pp. 477-484.

Alsiwat, ]. M. and Saatcioglu, M., 1992. “Reinforcement Anchorage Slip under Monotonic Loading,” Journal of
Structural Engineering. ASCE, V. 118, No. 9, Sept. 1992. pp. 2421-2438.

Caltrans (2002), Caltrans Seismic Design Criteria, Version 1.3, California Department of Transportation,
Sacramento, CA.

FEMA 356, 2000. Prestandard and Commentary for the Seismic Rehabilitation of Buildings, Federal
Emergency Management Agency, Washington DC, Nov. 2000

Vecchio, F. ]J. and Collins, M. P., 1986. “The Modified Compression-Field Theory for Reinforced Concrete
Elements Subjected to Shear,” ACI Journal. V. 83, No. 2, Mar. 1986. pp. 219-231.

Clough, R. W,, (1966). “Effect of Stiffness Degradation on Earthquake Ductility Requirements,” Report 66
Structural and Materials Research, Structural Engineering Laboratory, University of California, Berkeley.

362



Yanal Yiiklere Maruz Kalan Kolonlarin SAP2000 ile Monotonik ve Histeretik Analizi

[12] Fukuda Y., “Study on the Restoring Force Characteristics of Reinforced Concrete Buildings (in Japanese).”
Proceedings, Kanto Branch Symposium, Architectural Institute of Japan, No.40 1969 pp 121-124

[13] Imbeault FA, Nielsen NN. Effect of degrading stiffness on the response of multistory frames subjected to
earthquakes. In: Proceedings, fifth world conference on earthquake engineering; 1973. p. 1756-65.

[14] Takeda, T., Sozen, M. A., and Neilsen, N. N. 1970. “Reinforced concrete response to simulated earthquakes.”
Journal of the Structural Division. ASCE, V. 96, No. 12, Dec. 1970. pp. 2557-2573

[15] Otani S. (1974) Inelastic analysis of R/C frame structures. ASCE | Struct Div 100(7): 1433-1449

[16] Soleimani D., Popov EP.,Bertero VV. (1979) Nonlinear beam model for R/C frame analysis. In: Proceedings of
7th conference on electronic computation, St. Louis

[17] Banon, H., Biggs, J. M., and Irvine, H. M., 1981. “Seismic Damage in Reinforced Concrete Frames,” Journal of
the Structural Division. ASCE, V. 107, No. 9, Sep. 1981. pp. 1713-1729

[18] Takayanagi, T. and Schnobricch, W. C., 1976. “Computed Behavior of Reinforced Concrete Coupled Shear
Walls,” Structural Research Series no. 434. Civil Engineering Studies, University of Illinois, Urbana, 1976

[19] SAP2000. Integrated finite element analysis and design of structures, Computers and Structures Inc,
Berkeley, California, USA.

[20] Chowdary T. 2007. Hysteretic Modeling of Shear-Critical Reinforced Concrete Columns Master’s Thesis The
Ohio State University 217 pp.

[21] Mander, ]. B, Priestley, J. N., and Park, R., 1988. “Theoretical Stress-Strain Model for Confined Concrete,”
Journal of Structural Engineering. ASCE, V. 114, No. 8, Aug. 1988. pp. 1804-1825.

[22] Sezen, H., and Setzler, E. ]. (2008). “Reinforcement slip in reinforced concrete columns.” ACI Struct. ],
105(3), 280-289.

[23] Moehle, J. P, 1992. “Displacement-Based Design of RC Structures Subjected to Earthquakes,” Earthquake
Spectra. EER], V. 8, No. 3, Aug. 1992. pp. 403-428.

[24] Setzler, E.J. Modeling the Behavior of Lightly Reinforced Concrete Columns Subjected to Lateral Loads. M.S.
Thesis. The Ohio State University, Columbus, Ohio, 2005.

[25] Patwardhan, C., 2005. “Strength and Deformation Modeling of Reinforced Concrete Columns,” M.S. Thesis.
The Ohio State University, Columbus, Ohio, 2005. 166 pp.

[26] Gerin, M. and Adebar, P., 2004. “Accounting for Shear in Seismic Analysis of Concrete Structures,”
Proceedings of the 13th World Conference on Earthquake Engineering. Vancouver, B.C., Canada, Aug. 2004.
Paper No. 1747.

[27] Elwood K.J., and Moehle ].P., “Evaluation of Existing Reinforced Concrete Columns,” 13th World Conference
on Earthquake Engineering, Aug, 2004, Paper No. 579

[28] Pivot hysteretlc Model.

[29] ATC-24 (1992) Guidelines for Cyclic Seismic Testing of Components of Steel Structures. Applied Technology
Council, California, A.B.D.

363


http://docs.csiamerica.com/helpfiles/csibridge/Advanced_tab/%20Assign/Pivot_Hysteresis_Model.html

Erciyes Universitesi Erciyes University
Fen Bilimleri Enstitiisii Dergisi Journal of Institue Of Science and Technology

Cilt 36, Say1 3, 2020 Volume 36, Issue 3, 2020

Modeling and Investigation of Wind Turbine Integrated System in Terms of
Thermodynamic Perspective for Power, Heating, Cooling and Clean Water Production

Fatih YILMAZ1=*

|sparta Uygulamali Bilimler Universitesi, Teknoloji Fakiiltesi, Mekatronik Miihendisligi Balimdi, Isparta,
Tarkiye

(Alinis / Received: 05.02.2020, Kabul / Accepted: 06.08.2020, Online Yayinlanma / Published Online: 31.12.2020)

Keywords Abstract: In this work, a new wind turbine supported power, heating, cooling and
COOli'ng' fresh water generation plant is introduced, and thermodynamic performance
heating, evaluation is conducted. The examined system includes wind turbines, vapor

fresh water,
energy,
exergy,

wind turbine

compression cooling (VCC) system, which operates R744 refrigerants, and reverse
osmosis (RO) desalination system. Also, the key objective of this paper is to meet
the electricity need of the VCC's compressor and the RO's pumps, with the wind
turbines and then to send the remaining electricity to the place of use. The overall
thermodynamic analyses are executed with the Engineering Equation Solver (EES)
computer program. The consequences of this paper indicate the total energy and
exergy efficiency are figured as 0.66 and 0.61, respectively. In addition, fresh water
production capacity of the suggested system is 60 kgs-1.

Riizgar Tiirbini Entegre Sisteminin Giig, Isitma, Sogutma ve Temiz Su Uretimi icin
Termodinamik A¢idan Modellenmesi ve Incelenmesi

Anahtar Kelime: 0z: Bu calismada, riizgar tiirbini destekli giic, 1sitma, sogutma ve tath su iiretim
Sogutma, tesisi kombine bir sistemi dnerilmis ve termodinamik performans degerlendirmesi
1sitma, yapilmistir. Onerilen bu ¢alisma, riizgar tiirbini, R744 sogutkanh buhar sikistirmal
Zir:;'zi SU sogutma sistemi (VCC) ve ters ozmos (RO) alt sistemlerinden olusmaktadir. Ayrica
ekse]r ]." bu ¢alismanin temel amaci, buhar sikistirmali sogutma sisteminin kompresoéri ve

ters su Uretim sisteminde ki pompalarin elektriksel gii¢ ihtiyaclar1 riizgar
tiirbininden elde edilen gii¢ ile karsilanmasidir. Tiim sistemin termodinamik
hesaplamalarinda EES adli program kullanilmistir. Onerilen sistemin, genel enerji
ve ekserji verimi sirasiyla 0.66 ve 0.61 olarak hesaplanmistir. Ayrica, dnerilen
temiz su lretim sistemi ile 60 kg/s temiz su liretimi gergeklesmistir.

riizgar tiirbini

*{lgili Yazar, email: fatihyilmaz@isparta.edu.tr
1. Introduction

The global energy requirement in the world has been dramatically increase in recent years. To meet the
increasing energy demand, it is very important to environmentally being, sustainable and use of the economical
energy systems instead of fossil fuels. Fossil fuels are widely used in energy production systems and this causes
many adverse environmental impacts[1]. It is evident that these fuels are not sustainable, and as a result of
combustion, cause unresolved environmental problems such as acid rain and global warming. Therefore, it is
inevitable that renewable energy integrated plants are more preferred to combat environmental problems.

Renewable energy resources are more attractive than conventional fuels for clean energy generation[2]. On the
other hand, multigeneration systems can be defined to produce various useful outputs for example cooling,
heating, power, fresh water and etc. with the same energy input. These integrated systems stand out for the aim
of more efficient use of energy resources. Also, these systems have many advantages such as low cost, low
energy, and exergy losses, high performance and low environmental emissions[3,4].

Wind energy, a renewable energy source, is an important resource for a sustainable future for reducing fossil-

based fuel use. Also, this energy source can be defined as a continuous energy source, unlike solar energy.
Integrated use of non-fossil energy sources, such as solar and wind energy, are also known to be important for
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sustainable energy production. Therefore, scientists have done a number of studies on multigeneration systems
subjects in recent years.

Lugman et al. [5] have investigated a thermodynamic assessment of an oxy-hydrogen combustor integrated
energy production cycle. The total energetic and exergetic performance of their suggested plant are 50% and
34%, respectively. Sezer and Koc[6] have proposed a design and performance assessment of the solar, wind and
osmotic power cycle for multipurpose. Their proposed system that produces hydrogen, oxygen, fresh water, and
refrigeration along with electricity. The whole energy and exergy efficiency of their work are determined as
73.3% and 30.6%, respectively. Sorgulu and Dincer[7] have examined both solar and wind combined cycle for
power, cooling, heating and hydrogen generation. They conducted a comprehensive thermodynamic
investigation of the integrated plant and the hydrogen production rate is found as 0.035 kgs-l. Devrim and
Bilir[8] have studied the performance evaluation of wind, solar and fuel cell based combined plant. Their
suggested system that including 3 kW, 3.4 kW and 1.2 kW wind turbine (WT), electrolyzer and photovoltaic
panel. Their study results showed that the specified 5-hour electrolysis process could be carried out when using
the photovoltaic panel area of 17.97 m2, except November. Sezer et al.[9] have studied a solar and wind energy
combined plant, which include reheat Rankine cycle, absorption cooling and thermal storage. Their proposed
system'’s performance is found as 61.3% and 47.8%, respectively, based on energetic and exergetic efficiencies.
Ishaq and Dincer [10] have suggested wind energy supported plant for hydrogen and ammonia generation.
Their modeled plant’s performances are calculated as 40.5% and 42.3%, respectively, in terms of energetic and
exergetic efficiencies. Also, in the literature, there are numerous papers that the combined multigeneration
system based on different renewable energy sources [11-14].

In this work, a WT integrated plant is suggested for producing power, cooling, heating and desalinated water
generation. In addition, the main aim of the paper is to meet the electrical energy needed by the RO unit and VCC
system with wind turbines, which are renewable energy sources. In this regard, a detailed thermodynamic
analysis is investigated for wind energy-based desalination unit and VCC system. Additionally, the energetic and
exergetic analyses, and also irreversibility and locations of the overall cycle are studied. The impact of some
important limitations on system performance are discussed and presented graphically. The key purposes of this
paper are listed as below;

to examine the clean water production rate from the seawater

to meet the electrical power requirements in the subsystems with WT

investigating the performance and irreversibility rate of the modeled cycle and sub-systems
e to study the cooling and heating loads with VCC and power production rate with WT.

2. System Definition and Analyses

As seen in Fig.1, the suggested combined cycle that including a WT for power generation, a VCC for heating and
cooling loads and RO unit for desalinated water production. In this proposed study, it was designed with
inspiration from the works of Lugman et al. [5]. The general aim of this study is to meet the energy requirements
of VCC and reverse osmosis (RO) systems with WT.

The R744 refrigerant VCC is used to meet heating and cooling loads. This subsystem consists of a compressor, a
gas cooler, a throttle valve and an evaporator. The gas cooler is cooled by water and the heated water at point 5
is used to heat the building, which also the gas cooler is working as a heat exchanger. While the cooling load
takes place in the evaporator part, the heating load is made with hot water coming from the gas cooler. the R744
refrigerant is preferred in this subsystem, because of its thermodynamic and environmental properties. Also, the
RO method is preferred to obtain desalinated water from seawater. It was inspired by some of the studies in the
literature to design the RO unit[15,16]. In general, in this study, it is designed that the electrical need of the VCC
compressor, as well as the electrical need of the RO's LPP and HPP pumps, is to meet with WT. At point 1, where
is the compressor inlet, the R744 refrigerant is assumed as the saturated vapor.
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Fig.1 Schematic presentation of wind turbine combined system

The energy performance assessment of any thermal plant alone is not enough. Besides, exergy analysis that is
related to thermodynamic second laws and offers many advantages. For more realistic results, energy and
exergy analyzes should be carried out together. The thermodynamic analysis of a system is usually based on
mass, energy, entropy and exergy balance relations[17-19].

The general thermodynamic equilibrium equations can be defined as;

XMy = X Mgy, (D

) i ; Vin ; ; . VZ.

Qin + I/Vm + Z Min (hin + 7 + .gZi) = Qout + Wout + Z Mout (hout + 2 + gZout) (2)
. : Q . Q

Z MinSin + Sgen + Zin (T_:) = Z MoutSout + Zout (T_:) (3)

S ipexin + Ex? 4+ ExW = Y i yeexoue + Ex? + ExW + Exgos (4)

Here, Q, W, h, s characterizes the heat transfer rate, work rate, specific enthalpy, specific entropy,
respectively. Furthermore, the physical exergy, heat and work exergy rates can be written as;

expp =h—h, —T,(s—s,) (5)
Exg = (1-7)Q *
Exy =W (7)
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WT power production rate can be computed as given below [20,21];
: 1
th = EnwtpairAwth,th3 (8)

Here, W, is the WT power, 1,,, is the WT efficiency, p,;, is the density of air, and V is the wind speed[2].
The WT energy input rate is written as below;

1
Input = 2 PairAwt Cp,th3 (9)

Also, the consumed electrical power by the VCC’s compressor and RO’s LPP and HPP pumps can be calculated
as below based on the thermodynamic first law.

VVcompressor = my (h, — hy) (10)
WLPP = m;(hg — hy) (11)
WHPP = 1y (hi2 = hi1) (12)
Wpelto_turbine = mys(hys — hye) (13)

The net power generation of the modeled system can be written as below;

Wnet,overall = th + Wpelto_turbine - Vi/compressor - WLPP - WHPP (14)
Qheating = mz (hz - h3) = mS (hS - hﬁ) (15)
Qcooling =1my (hl - h4) (16)

The COPe¢, and COPex of the VCC system can be determined as;

_ Qheating _ my(exz—ex3)
COPen,heating W ) COPex,heating W [17)
compressor compressor
COP _ Qcooling COP _ ma(exg—exy) 18
en,cooling — W, ’ ex,cooling — W [ )
compressor compressor
The general energy and exergy equilibrium equation of the overall cycle can be illustrated as;
_ WaetoveralitQcooling tQneating 11414 (19)
Noverall Input+m,hy
w. +Ex® o +Ex2 . trigsex
_ "netoverall heaxing cooling 14€X14 20
l/)overall - [ )

Input+myexy
3. Results and Discussion

In this part of the work, a comprehensive thermodynamic evaluation is conducted for WT combined with VCC
and reverse osmosis cycle. The key aim of this paper is to meet the energy demands of the VCC compressor and
RO’s LPP and HPP pumps with WT, and also the power, cooling, heating and fresh water production. To
determine of the thermodynamic calculation of this paper, some assumptions have been made as follows;

The WT power coefficient is assumed as 60% [2].

The heat loss and pressure drops are neglected

The R744 refrigerant is assumed as statured liquid at input of the VVC compressor at state 1
The reference temperature is 20 °C and reference pressure is 101.325 kPa.

The sea water inlet temperature at point 7 assumed as 30 °C.

The average wind speed is 5.2 m/s.

The thermodynamic performance results that is energetic and exergetic efficiency are specified in Table 1. As
shown this Table, the energetic efficiency of the VCC for heating and cooling load are determined as 3.584 and
2.584, respectively. Also, the exergetic performance of the WT and RO unit are computed as 0.54 and 0.98,
respectively. Lastly, the energetic and exergetic performance of the suggested study are 0.66 and 0.61,
respectively.
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Table 1. Thermodynamic results of the whole cycle and its subsystems
Energy efficiency Exergy efficiency

System
and subsystems

Wind turbine (WT) 0.60 0.54
VCC_for heating 3.584 0.92
VCC_for cooling 2.584 0.89
RO unit 0.63 0.98
Overall system 0.6621 0.61

The modelled plant is developed to beneficial productions such as cooling, heating, fresh water and power with
use the sustainable method. The useful commodities of the suggested plant are computed and tabulated in Table
2. As shown in Table 2, in this study, approximately 60 kg / s of fresh water is obtained with about 100 kg/s sea
water input. Also, the modeled system outputs can be ranking as, the net power production is 105.8 kW, the
heating load 120.3 kW, and also the cooling load is 86.76 kW.

Table 2. The useful outputs of the proposed system

Net Power production (kW) 105.8
Heating capacity (kW) 120.3
Cooling capacity (kW) 86.76
Fresh water rate (kg/s) 60

Generally, the working fluid is superheated at the evaporator exit to prevent the liquid from reaching the
compressor, in cooling systems. Therefore, the superheating term is very important parameter to design the
cooling systems. Fig. 2 shows that the variation of the energetic performance coefficient (COP.n) and exergetic
performance coefficient (COPe) of the VCC with changing the super heating temperature. In the VCC system,
COPen for heating and cooling loads increased about 1 with increment in the superheating temperature from 0 to
10 °C. With this increase in superheating temperature, it is clearly seen that COPen increased from about 2.2 to
about 3.3, for cooling application. The reason for this increase is that the energy consumed by the compressor
decreases as a result of the superheating of the working fluid at the compressor inlet. On the other hand, COPex
for heating and cooling loads decreased which is due to the fact that increase irreversibility.

45 " T — " — " 0.94
i}“ __&_'COPeX,heating 1
4_0} knkh-ﬂ‘“-%_ﬂ_ -=2==-COPex,cooling
0.92
s
L‘l’
= o
ot ©
@)
@)
0.90
2.0 S 0.88
0 2 4 6 8 10

Tsuperhating (DC)

Fig.2. Variation of the COPen and COPex of the VCC with changing the superheating temperature.

The influence of the dead state temperature on the WT power production rate and on the air density is
demonstrated in Fig.3. It can be understood that the WT power production and air density is decreased with the
rise in the dead point temperature. As the dead state temperature increases, the air density decreases and then
the electrical power production rate obtained from the planned cycle also decreases, according to equation 8. It
is noted that the power production rate of WT is directly proportional to the air density.
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Fig.3. Variation of the density of air and power generation with changing the dead state temperature

Fig.4 expressions that the influence of chancing reference temperature on the overall plant’s performance. The
modeled plant’s energy and exergy efficiency both drop with rising in ambient temperature. The cause for this
condition is that the air density declines as the ambient temperature rises and thus drop in WT power
production rate. System performance decreases correctly with the decrease of power generation produced.
Looking at Eq. 8 above, this is clearly seen that the air density is direct proportion with the WT power
production. In addition, the results showing the impact of environmental temperature change on the

recommended study performance is consistent with Ozlu and Dincer [2] work results.
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Fig.4. System efficiency versus with dead state temperature

The influence of the seawater temperature on energetic efficiency of the RO unit and planned system is seen in
Fig.5. As clearly displayed in Fig.5, the rise in the seawater temperature has adverse effect of the RO unit and
whole cycle efficiency. The increment in the seawater inlet temperature of approximately 20 °C reduces the
energy performance of the RO system by about 6%.
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For this study, the wind speed is assumed that is to 5.2 m/s, at 50 m. As the elevation increases, the wind speed
increases and therefore more power can be produced. So, Figs. 6 and 7 illustrate the impacts of the wind speed
on the power generation rate, total irreversibility, and overall system performance. Increment in the wind speed
from 5 to 12 m/s, the net power production rate and irreversibility increased, as shown in Fig.6. On the other
hand, in this increase range of wind speed, the energy performance of the total system rises but exergy efficiency
decreases, as in Fig.7. With this graph, the cause for the decrease in exergy efficiency can be stated as the

increase in the wind speed and the total exergy destruction rate of the WT increase.
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Fig.6. Influence of the wind speed on the net power production and total exergy destruction rate
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Finally, Fig.8 explains that the impact of the RO unit efficiency on the freshwater production and total energetic
and exegetic performances of the system as well. It can be concluded that if the use of highly efficient RO unit, it
will be produced more fresh water rate. Besides, it is clearly seen that the energy and exergy efficiency of the
proposed cycle increases with the rise in clean water production. The cause for this rise graph can be stated as

the direct proportional relationship between RO unit performance and clean water production.
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Fig.8. Variation of freshwater production rate and performance of the overall system with various RO unit efficiency.
4. Conclusion

The key purpose of this work is the examination of power, cooling, heating and fresh water generation, which is
assisted WT. The generated power from the WT is designed to meet the requirements of the VCC system’s
compressor as well as the RO system's LPP and HPP pumps. The CO; refrigerant is used in the VCC as the
working fluid because of its ODP and GWP values. Briefly, a system for heating, cooling, and electrical needs has
been proposed with the support of the wind turbines, and comprehensive analysis has been made.

Results display that the desalinated water rate is calculated as 60 kg/s. Also, the heating and cooling capacities of
the VCC sub-plant are 120.3 kW and 86.76 kW, respectively. The net power production rate of the suggested
plant is 105.8 kW. Also, maximum irreversibility rate is shown in WT. The whole energy and exergy efficiency of
the modelled cycle are to be 0.6621 and 0.61, respectively.
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This paper shows that it is possible to the sustainable method for heating, cooling, clean water, and power
generation, especially where wind speed is high at seaside. Considering that today most of the electricity request
is fulfilled by natural gas or coal, thus sustainable and environmentally friendly technologies can be developed
with different renewable energy supported systems.

Nomenclature

COPen energetic coefficient of performance
COPex exergetic coefficient of performance
Ex rate of exergy (kW)

E energy (kW)

ex specific exergy (k] /kg)

h specific enthalpy (k]/kg)

HPP high pressure pump

LPP low pressure pump

P pressure (kPa)

RO reverse 0smosis

S specific entropy (k] /kg-K)

T temperature (°C)

VCC vapor compression cycle

WT wind turbine

0 heat transfer rate (kW)

W work rate (kW)

Greek letters

n energy/energetic efficiency

P exergy/exergetic efficiency
Subscripts

in input

out output

0 reference point
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Keywords Abstract: Iteration methods are an important field of study in fixed point theory
Iteration Method, and have an extensive literature. Different types of iteration methods were defined
Convergence, in many spaces by researchers, and the results such as convergence, rate of

Data Dependence, convergence, stability and data dependence of these methods were examined. In

Stability this study, a new iteration method of Jungck Type was defined and the
convergence of this method for a certain mapping class was investigated. Then,
using this mapping class for this iteration method, the results of stability and data
dependence were obtained. Additionally, the rate of convergence of the newly
defined iteration method with Jungck CR iteration method was compared under
suitable conditions and an example supporting this result was given.

Jungck-Tipi Iterasyon Yontemi I¢in Veri Bagliliginin Incelenmesi

Anahtar Kelimeler Ozet: iterasyon yontemleri sabit nokta teorisinde énemli bir calisma alam olup

Iterasyon Yontemleri, genis bir literatiire sahiptir. Arastirmacilar tarafindan bir¢ok uzayda farkl tiirden

Yak}nsa}<111<: iterasyon yontemleri tanimlanarak, bu yontemlerin yakinsakligi, yakinsaklik

XZ;;rBl?Ell(lhgl’ hizlar, kararlilig1 ve veri baglilig1 gibi sonuglar irdelenmistir. Bu ¢alismada, Jungck

tipi yeni bir iterasyon yontemi tanimlanarak bu yontemin belirli bir déntisiim sinifi
icin yakinsaklig1 incelenmistir. Daha sonra bu iterasyon yontemi i¢in s6z konusu
doniisim simnifi kullanilarak kararlilik ve veri bagliligi sonuglar1 elde edilmistir.
Ayrica yeni tanimlanan iterasyon yonteminin uygun sartlar altinda yakinsaklik hizi
Jungck CR iterasyon yontemiyle karsilastirilarak bu sonucu destekleyen o6rnek
verilmistir.

*[lgili Yazar, email: mmaldar@aksaray.edu.tr
1. Introduction

There is a wide range of interest in literature of fixed point theory. In this context, many newly iteration
methods have been introduced, and strong convergence, data dependence, stability, and rate of convergence of
various iteration methods have been studied by researchers (see [1]-[6]). In 1976, Jungck defined the Jungck
iteration method [7]. After that, obtaining fixed point results of some iteration methods for Jungck type has been
the concept of research. Such studies have became the subject of various researchs (see [8]-[10]). Below, some of
these studies has been given in a chronological order:

In 2005, Jungck-Mann iteration method was defined by Singh et al. [11], in 2008 Jungck-Ishikawa iteration
method and Jungck-Noor iteration method were defined by Olatinwo [12], [13], in 2011, Jungck-SP iteration
method was defined by Chugh et al. [14], in 2013, Jungck-CR iteration method and Jungck-Sahu iteration method
were defined by Hussain et al. [15], Jungck-Agarwal iteration method was defined by Chugh et al. [16], in 2014,
Jungck-Khan iteration method was defined Khan et al. [17], in 2016 Jungck-Mann hybrid iteration method was
defined by Akewe [18], in 2019 Junck type iteration method was defined by Atalan [19].

2. Material and Method

We need some definitions, lemmas for the new Jungck-type iteration method and main results.
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Definition 2.1. Let X be Banach space, Y an arbitrary set and S,T:Y — X such that T(Y) € S(Y). For x, €Y,
following iteration method:

Sxny1 = f(T,xp) = Txp (1)

for all n € N. If § =] (unit mapping) and Y = X in the above equation, it is easily seen that Picard iteration
method is obtained. This iteration method is called Jungck iteration method [7].

Definition 2.2. The pair S,T:Y — X is called contractive if there exist a real number § € [0,1) and a continuous
function ¢p: R* —» R* such that ¢(0) = 0 and for all x,y € Y, we have

ITx — Tyll < ¢(lISx — Tx|]) + 5[ISx — Syl (2)
[12].

Definition 2.3. Let X be a nonempty setand S, T: X — X be mappings. If Tx = Sx, then x € X is called coincidence
point of T and S. If x = Tx = Sx, then x € X is called common fixed point of T and S. If p = Tx = Sx for some
x € X, then p is called the point of coincidence of T and S. If TSx = STx for all x € X, then a pair (S, T) is called
commuting. If TSx = STx whenever Tx = Sx for some x € X, then a pair (S, T) is called weakly compatible [20].

Lemma 2.4. Let {0, };—, and {u,, };—, be nonnegative real sequences satisfying the following inequality
Ont1 = (1 - An)o-n + un

where 1, € (0,1) foralln = ng, Yoo A, = o and ‘;i — 0asn — oo. Then lim,,_,., g, = 0 [21].

Lemma 2.5. Let {0, };r-, be nonnegative real sequence. Assume that there exists n, € N, such that for all the
n = n, one has the inequality

On+1 < (1 - An)an + Anpn

where 4, € (0,1) foralln € N, Y.y A, = o, and p,, = 0. Then the following inequality holds:

0 < limsup g, < lim sup p,,
n—-oo n-oo

[22].

Definiton 2.6. Let {a,,}5—; and {b, };—, be two sequences of real numbers with same limit c. If

d(anc) _

Mo G o) = (3)

then we say that {a, };_, converges faster than {b,};_, to ¢ [23].

Definition 2.7. Let S,T:Y » X, T(Y) < S(Y) and p = Tx = Sx. For any x, € Y, let the sequence {Sx,}r-,
generated by the iteration method Sx,,, = f(T,x,) converges to p. Let {Sy, };, € X be an arbitrary sequence
and set

€n = d(Syns1, f(T,¥)),n =012, ...

Then the iteration method f(T,x,) will be called (S,T)-stable if and only if lim,_. €, =0 implies that
lim,,_, Sy, = p [11].
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Definition 2.8. Let (S, T), (S,T):Y — X be nonself-mapping pairs on an arbitrary set Y such that T(Y) € S(Y)
and T(Y) € S(Y). We say that the pair (S, T) is an approximate mapping pair of (S, T) if for all x € Y and for fixed
€, = 0,6, = 0, we have

|Tx = Tx|| < €, ||Sx = Sx|| < e,
[17].

[teration methods which is given below, are used for results we obtained. Thus, let us go through with Jungck-

Type iteration method CR [15] as follows:

Sxpiq = a- an)SYn + a,Tz,
SYn = (1 - ﬂn)Txn + ﬂnTZn (4)
Szn = (1 - yn)an + ynTxn

where {an};o:w {'Bn}:zo' {yn}oo

n=0

c [0,1].
We have defined a new Jungck type iteration method as follows:

Sxny1 = (1 — a)Tyn + an Tz,
Syn = (1 - ﬁn)Txn + ﬁnTZn (5)
SZn = (1 - yn)sxn + ynTxn

where {an},‘;"zo,{ﬁn}:zo,{yn}:zo c [0,1].

3. Results
We use the following assumption in this paper: C(S,T) denotes the set of coincidence points of @ and &.

Theorem 3.1. Let (X, ||.||) be a Banach space, S,T:Y — X satisfies condition (2), where T(Y) € S(Y),S(Y) is a
complete subset of X and assume that there exist a z € C(S,T) such that Tz = Sz = p. Let {Sx,,}s—, be iterative

sequence (5) with {a,}7 -0, {ﬂn}:;O, {yn}:;O c [0,1] and Y3, @B, Y, = % . Then, {Sx,};_, converges to p.

Moreover, p is a unique common fixed point of (S, T) provided that Y = X, and S and T are weakly compatible.

Proof. By using iterative sequence (5) and condition (2), we have

I1Sx0+1 =PIl < (A = @) ITy, — pll + anllTz, — pll
< (1 = ap)élISyy — Szl + ¢(|ISz — Tz|))
+a, 615z, — Sz|| + ¢(|ISz — Tzl|)

= (1 = an)8l|Sy, — pll + @n6llSz, —pll (6)

and

152, = pll < (1 = y)lISxn =PIl + ¥l T2z, = pli

< (X = ylISxy = Szl + yub11Sxy, — Szl + ¢([ISz — T2z||)

= [1 =1 = ®]lISx, — pll (7)
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also

ISy = pll = (1 = BIIITxn = pll + ByllT 2z, — pll
< (1 = B)blISxy — Sz|l + (1 = Bn) ¢(llSz — Tzl
+Bn6ISzn — Szl + Brp(lISz — T2z||)
= (1= Bu)blISxy — pll + BnblISzs — pll
< 8[(1 = B) + B = Bu¥n(1 = O)]IISx, — p

< 8[1 = Baya(1 = O]IISx, — pI. (8)

Substituting (7) in (6) and (7), (8) in (6) respectively, we obtain

”an+1 - p” < (1 - an)8[1 - Bn(l - 6)]”53(-,1 - p”

+an[1 =y, (1 = 5)]lISx, — pll

1= apfnyn(1 = 68) + apfpyn(1 —6)
S 6{ nrnrn nrEnrn } an _
_anﬁn)/n(l - 5) ” p”
< O[1 = anfryn(1 — O]lISx, — pll. (9
Then
1S%041 — pll < 6™ [Tl — i Bivi (1 — O)]IISxpiq — DI (10)
1
< 5"+1m”5% -pll.

Taking the limit the above inequality, it can be seen that lim,,_,,||Sx,, — p|| = 0.
We prove that p is a unique common fixed point of S, T, when Y = X.

Assume that there exist another point of coincide g of the pair (S,T). Then there exist r € C(S,T) such that
ST =Tr = q We get,

0<llp—qll =Tz = Tr|l < ¢(lISz = Tzl|) + §l|Sz — Sr|| = 5llp — 4l

which implies that p = q. S, T are weakly compatible and Sz =Tz = p, then Tp =TTz = TSz = STz implies
Tp = Sp. Hence, Tp is a point of coincidence of the pair (S,T) and because point of coincidence is unique, then
Tp = p = Sp and thus p is a unique common fixed point of S and T.

Theorem 3.2. Let (X, ||.||) be a Banach space, S,T:Y — X satisfies condition (2), where T(Y) € S(Y),S(Y) is a
complete subset of X and assume that there exist a z € C(S,T) such that Tz = Sz = p. Let {Sx, }5, be iterative
sequence (5) with 0 < a1 < a,,,0 < ﬁl < ﬁn, 0 <y, <y, converges to p. Also let {Su,}r—o € X be an arbitrary
sequence and let €, = d(Sun+1,f(T, un)),n = 0,1,2,.... Then iteration method (5) is (S, T)-stable.

Proof. Let lim,, ., €, = 0 such that €, = [|Supy1 — (1 — )TV, + @y Twy)||.

”Sun+1 - P|| < ”Sun+1 - ((1 - an)TUn + anTWn)”
+I(1 - a)Tv, + a,Tw, —pl|

<€+ A —a)llTv, — Tz|| + a,||[Tw, — Tz||
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<e,+6(1—ay)lSv, — Sz|l + (1 — a)$(|ISz — Tzl|)
+oanl|Swy — Szl + an ¢ (IISz — Tzl|)

=€yt 6(1 - an)llsvn - p” + 6an||SWn - p” (11)

and
ISwy, — pll = (1 = v)lISuy — pll + V2l Tu, — pli
< (1 =y lISun — pll + ¥a6lISuy — pll + v @ (ISz — Tz|[)

< [1 =% = ®]lISu, —pll (12)

and moreover

ISv = pll < (1 = BIIITun — pll + BullTwy, — plI
< (1 = B)blISun = Szl + (1 = By) ¢(lISz = Tz|))
+Bn @ISz — Tzll) + Bp8lISwy, — Sz||
= (1 = Bn)élISun — Sz|l + Bn6llSwy, —pll +
< 8[(1 = Bp) + Br(1 = ya (1 = ENIISup — plI
< 6[(1 = Bn) + B = Bu¥n(1 = O)]lISun — pll

S 8[1 = Bava (1 = O]1lISuy — plI. (13)

If we combine (11) in (12) and (13) then, we have

ISuns1 =PIl < €n + 8[1 = anBuya (1 = O]lISuy — pll. (14)
Hence 0 < a; <@, 0<f, <fB,0<y, <y,andd € [0,1), we get

[1-anB,y,d -] <[1-a1f,y,1-8] <1

Then we obtain lim,,_,,, u,, = p.
Now, we suppose that lim,,_,, u, = p. It will be shown that lim,,,, €, =0:

€n = ||Suns1 — (1 — @) T, + a,Twy,) —p + ||
< NSupsr = pll + (1 = @) ITvy, — Tzl + anlTw, — Tz||
S NSupss = pll + 61 — @) lISz = Svull + (1 — ay)p([|Sz — Tzl))
+ayllSwy, — Szl + a,¢(1Sz — Tz|))
< Supss = pll + 861 = ap)lISv, — pll+anllSw, — pl.
From (13) it can be seen easily ||Sv, — pl| < 6[1 — Br¥n(1 — 8)]lISu, — pll. Then we get
€n < [ISupsq = pll + 6[1 — (1 = 8)]IISwy, — pll

Also, from (12), ||ISw,, — pll < [1 — y,,(1 — 8)]|ISu,, — p|l. We obtain

n < ”Sun+1 - P|| + 8[1 - anﬂnyn(l - 6)]”Sun - P||
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Taking the limit in the above inequality, it can be seen that lim,,_,,, €, = 0.

Theorem 3.3. Let (X, ||.||) be a Banach space, (S, T), (5, T"): Y — X satisfies condition (2), where T(Y) € S(Y) and
T(Y) € S(Y).S(Y) is a complete subset of X and assume that there exista z € C(S,T) anda Z € C(§,T) such
that Tz = Sz = p and TZ = §% = p Let {Sx,,}>°_, be iterative sequence (5) with {a,}>_o, {Bn}o 0, Voo < [0,1]

satisfying Yoo @ Bn¥n = © and {5un+1}:=0 a sequence defined by

Stupsr = (A — ay)Tv, + a,Tw,
Svp, = 1- .Bn)Tun + BnTWn (15)
Swy = a- Yn)Sun + v Tu,

Assume that {Sx,,,1}n= and {§un+1}:=0 convergence to p and p. Then we have

Iy =5l = —=

Proof. By using iterative sequence (5), iterative sequence (15), condition (2), and Definition 2.8

152041 = Stpaa|| < (1 = @)||Tyn — Tvn|+an[| T2, — Twi|

< (1= a)lITyn = Topll + (1 = @p)|| T, — Ty |
+ T2y — Twyll + | Twy, — T |
< (1 - a)8lISy, — Svall + (1 — @) d ISy, — Tyl
+a,,6||Sz, — Sw,||+a,, ¢(||Sz, — Tz,||) + €;

< (1= a)8|[Syn = Sva|| + 1 = @)8||Sv, — Sva|

+ (1= @) UISYn = Tynll) + @n8||Sz, — Swar|

+n 6[|Swy, — Swn |+t $UISz, — Tz ll) + €

< (1= ap)8]|Syn = Sval| + (1 — @) pUISyn — Tyull)

+a,0||Sz, — Swy||+an ¢Sz, — Tz, 1) + €, + Se, (16)

and

152, = Swnll < (1 = IS = St + a0 = ]
< (1= 1120 = Stl| + vl Ton = TuL|| + vl Tt — Tt
< (1= Y)|[Sxn = Stta| + us + 1 (IS, — Ty 1)
+87n|S2n = Sun| + ¥ [|Stey — Sty

< (1 - (1 - S)Vn)nsxn - S:un” + Vn¢(”5xn - Txn”) + Yn€1 + é‘}/1162 (17)

and

1Sy = Svnll < (@ = BI|Txn — Tun|| + Bul| T2 — Twi|
<A =BITxy, — Tuyll + (1 — ,Bn)”Tun - Tun”

+.8n”TZn - TWn” + .Bn”TWn - TWn”
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< (1= BadblISxy — Supll + (1 = B lISx, — Txpll)
+BnblISzy — Swyll + Brd ISz, — Tzyl) + &

< (1 - B6lISxy — Supll + (1 = )@ ISx, — Txpll)
+Bnb€s + Pnd ISz — Tzpll) + €1 + Bnb8Yn€r + Prl¥n€s

+ BpS (1 = (1 = &)y)|[Sxn — Sun|| + Bub¥nd(I1Sxy, — Tx,ll)
< (1= Buva(1 = 8))||Sxs = Sun|| + (1 — B)8E,

+Bnb€s + P 1Sz — Tzpll) + €1 + Bnb8Yn€r + Prd¥n€s

+ Bn6Yn¢(||an - Txn”) + (1 - .Bn)(p(llsxn - Txn”)
Using 1 — &, BnVn < @,fnVn and combining (16), (17) and (18)

”an+1 - S;un+1” < (1 - anﬂnyn(l - 6))”an - S~un” + zanynﬁnqb(”'sxn - Txn”)

+2anynﬁn¢(”5yn - Tyn”) + zan)/nﬁnd)(llszn - TZn”) + 4’(61 + 62)

and
1Sz, — Tz, |l < ISz, — pll + T2, — TZl|
< ISz, —pll + 6115z, — Sz|| + (l1Sz — T=z|)
S A+ O = y)Sxn + vuTxn, — pll + ¢Sz — Tzl|)
<@ +8)A = y)lISx, — pll + vullTx, — Tzl + ¢(|1Sz — Tzl|)

< (A +8A =) +v)lISx, = pll + A + y)b(IISz = Tz||)

and

I1Sxn = Txnll < ISy = Pl + 1T, — Tz]|

< (@ +8)ISx, —pll + @ISz — Tz||)

and

”SZn - P” < (1 - yn)llsxn - P” + yn”Txn - P”
< (1 = v)lISx, — pll + ¥R 61ISx, — 2l + v ISz — TZzI|)

=[1 = ¥u(1 = ®)lISx, — pll + va@ ISz — TZzl|)

and

1Sy, = Tyl < ISyn — oIl + 1Ty, — Tzl
S @A+ )Sy, —pll + ¢Sz — Tz||)
S@A+)NA =B ITx, + BTz, — pll + oISz — Tz|)

380

(18)

(19)

(20)

(21)



An Examination of Data Dependence For Jungck-Type Iteration Method

<@ +8)QA = BITxy, —pll + (1 + 8)BullTz, — pll + ¢(IISz — Tz|])
<@+ = BIISxn —pll + (X + 8)BnllSzn — pll + $(IISz — Tzl])
< (1 + 6)((1 - ﬂn) + ﬁn[1 - yn(l - é‘)])stn - P”

+n @ISz — TzI)) + ¢(lISz — Tzl)) (22)

o = ||Sxn — Suy|

/1n = anﬂnyn(l - 6)
_ 20ISxn = Txal) + 2¢(ISyn = Tynll) + 2¢ISzn — Tzal) +8(es + J€,)
Taking the limit in both sides of the (19), (20), (21) and (22) inequalities, it can be seen that lim,_,., ¢ (||Sx,, —
Txn") =lim,_q ¢(”5le = Tyull) = lim, o ¢(”SZn —Tz,|) = 0.

Hence an application of Lemma 2.5 and we obtain

Ip =51l = =55

Theorem 3.4. Let (X, ||.||) be a Banach space, S,T:Y — X satisfies condition (2), where T(Y) € S(Y),S(Y) is a
complete subset of X and assume that there exist a z € C(S,T) such that Tz = Sz = p. Let {Sx, }o, be iterative
sequence (5) with Yoo @, Bn¥n = and lim,,,a, =0. Let {Su,};., be iterative sequence (4) with
limy,_e0 Br, = 0. Assume that p is the unique common fixed point of the pair (S, T). Then {Sx,};-, converges to p
faster than {Su,};-, for x, = uy €Y.

Proof. From inequality (16) in Theorem 3.1., we have

1Sxn41 =PIl < 8™ [TiLo[1 — @iBivi(1 — ]IISxo — Pl (23)

By using iteration method (4) and condition (2), we have

ISwn = pll < (1 = v lISup = Szl + yullTun — T2l
< (A =y)lISun = Szll + v, 8|Suy — Szl + ¢(lISz - Tz|))

= [1 - Vn(l - 6)]"5un - P”

and

ISv = pll < (1 = BIIITu, — pll + BullTwy, — pli
< (1= Bu)blISun, — Szl + (1 = B) ¢(lISz — Tz|))
+Bn6ISwn, — Szl + Brd(lISz — Tz))
< 8[(1 = Bn) + B = Buva(1 = O]lISu, — pli

< 8[1 = Buyn (1 = O)1IISu, — pli

and
ISunsr —pll = (A = a)IISv, — pll — anlITwy, —pl|
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= (1= ap)llSv, — Szl + ISz — Tz|) — a,SlISwy, — Szl — ¢Sz — Tz||)
- Bn)/n(l - 6) + anﬁnyn(l - 6) - - 5)]”Sun - P||
= [1 - an(l - 6) - Bnyn(l - 6)]||Sun - P”

= [1 - (1 - 6)(“11 + .Bnyn)]llsun - P||

Also, we have

>[1-a, Sa, + a,y,(1

||an+1 P” < 50+ [Toll — a;Bivi(1 — O]IISx, — pll
SUn1 — [Tol1 = (e + Biv) (1 — OISy — pll
Define

. = 5D [Ti=o[1 — a;Bivi(1 — O]1IISxo — plI

oll = (a; + Biy) (A = O)]lISuo — pllI’

We get lim % < 1 Thatis lim ¢»,, = 0 which implies that {Sx,, };_, converges to p faster than {Su, };-o .
n—oo n n—oo

[0,1] € R be endowed with usual metric. Define operators T,S:[0,1] = [0,17] with a
— 5and Sx = 17x2. Itis clear that T([0,1]) € S([0,1]) and S([0,1])

The convergence result for two

Example 3.5. Let Y =
coincidence point p = 17 by Tx = 24x — 2x5
is a complete subset of [0,17]. Let § € (0,1),x, = 0.6 and a, = B, = Vn = %
Jungck-type iteration methods (5), and (4) top = 17 = S1 = T1 are listed in the following tables:

Table 1: Convergence of iteration Method (5) with initial point x, = 0.6

Iteration Iteration Method (5) Sx, Tx,

Steps
1. 0,60000000000000 6,12000000000000 9,24448000000000
2. 0,83405675327201 11,82606135053700 14,21011215711840
3. 0,95226046870888 15,41560000451620 16,28818988746500
12. 0,99999994528445 16,99999813967140 16,99999923398220
22. 0,99999999999999  16,99999999999970 16,99999999999990
23. 1,00000000000000  17,00000000000000 17,00000000000000
33. 1,00000000000000  17,00000000000000 17,00000000000000
34, 1,00000000000000  17,00000000000000 17,00000000000000

Table 2: Convergence of iteration Method (4) with initial point x, = 0.6

Iteration Iteration Method (4) Sxp, Tx,

Steps
1. 0,60000000000000 6,12000000000000 9,24448000000000
2. 0,76145692681088 9,85688307360059 12,76298187191080
3. 0,88034295744818 13,17506328638630 15,07070884153580
12. 0,99998051894755 16,99933765066840 16,99972725767560
22. 0,99999999913855 16,99999997071070 16,99999998793970
23. 0,99999999968392 16,99999998925330 16,99999999557490
33. 0,99999999999999 16,99999999999970 16,99999999999990
34. 1,00000000000000 17,00000000000000 17,00000000000000
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4. Discussion and Conclusion

It is showed that in Theorem 3.1, the newly defined iteration has convergence. In Theorem 3.2, it is indicated that
stability results can be obtained by using the new iteration method (5) for certain mapping classes. Moreover,
Theorem 3.3 has mentioned results of data dependence. In Theorem 3.4, the rate of convergence for two
iterations are compared. Applications provided from Theorem 3.4 that is shown in Table 1 and Table 2, has
investigated the new iteration method which is faster than the other in the literature. This research
also contributes to the literature.
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Ozet: Siirii zekasi algoritmalar arasinda performansiyla éne ¢ikan algoritmalardan
biri olan Yapay Ar1 Kolonisi algoritmasinin, tasarim parametrelerinin bazi
kosullarla kisitlandigl ve optimum degerin kabul edilebilir bélge icinde olmasi
gerektigi sinirlamali optimizasyon problemlerini ¢6zmek icin farkli versiyonlar
gelistirilmistir. Kisitlar1 dikkate alarak problemleri ¢6zmek amaciyla ceza terimine
dayali metotlar, ¢oziimleri kabul edilebilir bolgede tutan metotlar, kabul edilebilir
ve kabul edilebilir olmayan ¢6ziimler arasinda ayrim yapan metotlar ve karma
metotlar bulunmaktadir. Bu ¢alismada sinirlamali optimizasyon problemlerini
c¢ozmek amaciyla temel Yapay Ar1 Kolonisi algoritmasina ceza fonksiyonlar,
rasgele siralama ve stokastik Deb kurallar1 entegre edilerek yeni yontemler
onerilmistir. Onerilen yontemler literatiirde sikhkla kullanilan sinirlamal test
problemleri iizerinde test edilmis ve literatiirdeki algoritmalar ile
karsilastirilmistir. Yapilan analizler sonucunda ¢alisma kapsaminda Onerilen
yontemler simirlamali  optimizasyon problemlerinin ¢6ziimiinde diger
algoritmalarla benzer ya da daha iyi sonuglar tiretmistir.
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Abstract: Different modifications of the Artificial Bee Colony algorithm, which
stands out with its performance among swarm intelligence algorithms, have been
developed to solve the constrained optimization problems in which the design
parameters are restricted by certain conditions and the optimum value should be
located within the feasible region. In order to solve the problems by considering
the constraints, there are methods based on penalty functions, methods based on
preserving feasibility of solutions, methods which distinguish between feasible and
infeasible solutions and hybrid methods. In this study, in order to solve the
constrained optimization problems, new methods have been proposed by
integrating penalty functions, stochastic ranking and stochastic Deb’s rules into the
basic Artificial Bee Colony algorithm. The proposed methods have been tested on
well-known constrained test problems in the literature, and the results have been
compared with other state-of-the-art algorithms. The results indicate that
proposed methods showed similar or better performance to solve constrained
optimization problems when compared to the other algorithms considered in this
study.

Sorumlu Yazar: demet.karaca@erciyes.edu.tr

1. Giris

Optimizasyon, kisitlar altinda bir problemin minimum ya da maksimum degerini veren parametre degerlerini
bulma islemidir. Sinirlamali optimizasyon problemleri bir¢ok bilim ve miihendislik alaninda kaynaklarla ilgili
kisitlarin bulundugu yapisal tasarim, ekonomi, yerlesim ve miihendislik problemleri gibi gercel problemlerde
karsimiza ¢ikmaktadir [1]. Matematiksel olarak dogrusal olmayan (nonlineer) simirlamali optimizasyon
problemi, esitsizlik ve/veya esitlik sinirlamalarina tabi olarak f(X¥) amag fonksiyonunu minimize eden ¥
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parametre vektdriini bulma islemi olarak tanimlanir. Siirekli uzayda Esitlik 1'de gosterildigi gibi formiilize
edilebilir.

Minimize f(X)

9;(X) <0, j=1,..,m )

h()=0, k=1,..,n

xt < x<x¥, i=1,..,D
X = (x4, X3, X3, ...,Xp) D-boyutlu tasarim parametreleri vektori, f(X) en iyilenecek amag fonksiyonu, arastirma
uzayinda kabul edilebilir bolgeyi tammlayan g;(X) ve hy(¥) sirasiyla esitsizlik ve esitlik sinirlama
fonksiyonlaridir [2]. m esitsizlik simirlamalar1 sayisi ve n esitlik smnirlamalart sayisidir. x! ve x¥, x;
parametresinin sirasiyla alt ve st simirlaridir ve optimizasyon probleminin arastirma uzayini tanimlar.
Sinirlamalar arastirma uzayini daralttigindan dolay: kabul edilebilir ¢6ztimleri bulmak zorlasmaktadir. Clinkii bir
¢oziim eger tim sinirlamalar1 sagliyorsa kabul edilebilir ¢6ziim (feasible), tiim sinirlamalar i¢inde bir tanesini
bile saglamiyorsa kabul edilebilir olmayan (infeasible) ¢6ziimdiir. Sinirlamalarin etkisiyle zorlasan problemlerin
¢oziimiinde, klasik optimizasyon metotlari, amac¢ fonksiyonunun tiirevlenebilirligi ve stirekliligi konusunda giiclii
varsayimlara dayandigindan dolay1 yetersiz kalmistir [3]. Modern optimizasyon yontemleri genellikle ilk olarak
sinirlamasiz optimizasyon problemlerinin ¢6ziimii i¢in gelistirilmistir. Sinirlama ele alis (constraint-handling)
metotlari ile sinirlamali problemleri ¢6zebilir hale gelmekte ve etkin sonuglar tiretebilmektedir. Sinirlama ele alis
metotlari, Michalewicz ve Schoenauer [4] tarafindan dort kategoriye ayrilmistir: (i) ¢oziimleri kabul edilebilir
bolgede tutan metotlar, (ii) ceza terimine dayali metotlar, (iii) kabul edilebilir ve kabul edilebilir olmayan
¢oziimler arasinda ayrim yapan metotlar ve (iv) karma metotlar.

Runarsson ve Yao, amag¢ ve ceza fonksiyonlarin baskinligina gore ceza fonksiyonlar i¢in rasgele siralamaya
(stochastic ranking, SR) dayanan bir yaklasim 6nermislerdir [5]. Runarsson ve Yao baska bir calismasinda ise
kabul edilebilir ¢éziimleri ama¢ fonksiyonu degerlerine gore, kabul edilebilir olmayan g¢oziimleri ise ceza
fonksiyonu degerlerine gore siralayan asir1 ceza yaklasimini (over penalty approach, OPA) gelistirmistir. Ayrica
koordinat eksenine bagli olarak arastirmanin istenen yonde olmamasi sorununun ¢6ziimil i¢in ise gelistirilmis
stokastik siralama (improved stochastic ranking, ISR) yontemini 6nermislerdir [6].

Mezura-Montes ve Coello [7] ¢alismasinda basit ¢ok tyeli evrimsel stratejiyi (simple multimembered evolution
strategy-SMES) oOnermistir. Bu yaklasim ceza fonksiyonlarinin kullanimini gerektirmeden kabul edilebilir
olmayan c¢o6ziimlerin popiilasyonda kalmasina izin veren basit bir ¢esitlilik (diversity) mekanizmasi kullanir.
Basit bir kabul edilebilirlik temelli karsilastirma mekanizmasi ile arastirmay:1 kabul edilebilir bolgeye dogru
yonlendirir. Ayrica daha iyi bir arama yapabilmek i¢cin standart evrimsel stratejideki baslangi¢ adim biytikligi
azaltilmis ve panmiktik rekombinasyon teknigi kullanilmistir.

Munoz [8] simirlamali optimizasyon problemlerini ¢6zmek icin Deb'in kurallarmi [9] Pargacik Stri
Optimizasyonu (Particle Swarm Optimization, PSO) algoritmasina entegre etmistir. Karaboga ve Akay [10] ise
Deb'in kurallarinmi Diferansiyel Gelisim (Differential Evolution, DE) ve Yapay Ar1 Kolonisi (Artificial Bee Colony,
ABC) algoritmalarina entegre ederek sinirlamali optimizasyon problemine ¢6ziim 6nermistir.

Bu c¢alismada Karaboga [11] tarafindan oOnerilen arilarin yiyecek arama davranisim1 simiile eden ABC
algoritmasina farkli sinirlama ele alis metotlar1 entegre edilerek sinirlamali optimizasyon problemlerini ¢6zmek
icin yontemler gelistirilmistir. ilk olarak sinirlamalarin asim miktarina gére bir ceza uygulayan statik ceza
fonksiyonlar1 ABC algoritmasina entegre edilmistir [12]. ikinci yontem olarak Runarsson ve Yao [5] tarafindan
gelistirilen SR yaklasimi yine standart ABC algoritmasina entegre edilerek sinirlamali optimizasyon
problemlerinin ¢6ziimii gergeklestirilmistir. Bu yaklasim ile kabul edilebilir olmayan ¢éziimler de popiilasyona
dahil edilerek global optimuma ulasilmaya c¢alisilmistir. Son olarak ise ABC algoritmasinin seleksiyon
mekanizmasinda Deb'in kurallar: [9] ve SR yaklasimi birlestirilerek problemlerin ¢6ziimiinde uygulanmistir. Bu
yontemle popiilasyona hem iyi ¢oziimlerin hem de kabul edilebilir olmayan ¢éziimlerin de dahil edilmesiyle
performans ve cesitlilik katilmasi amaglanmstir.

Calismanin ikinci boéliimiinde sinirlamasiz optimizasyon problemlerinin ¢éziimii i¢in gelistirilen ABC algoritmasi
ve bu ¢alismada kullanilan sinirlama ele alis metotlarina (ceza fonksiyonlari, SR yaklasimi ve Deb'in kurallar)
deginilmistir. Ardindan bu béliimde anlatilan smirlama ele alis metotlarinin ABC algoritmasina nasil entegre
edildigi anlatilmistir. Bulgular boliimiinde 6nerilen yeni yontemler sinirlamali test problemleri tizerinde test
edilmis ve literatiirdeki diger algoritmalarla karsilastirilmis, elde edilen bulgular analiz edilmistir. Tartisma ve
sonug¢ boliimiinde ise analizlerden varilan genel degerlendirmeler yer almaktadir.
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2. Materyal ve Metot
2.1. Yapay Ari Kolonisi (ABC) Algoritmasi

Sinirlamasiz optimizasyon problemlerinin ¢dziimii icin Karaboga tarafindan énerilen ABC algoritmasinda [11]
arllarin yiyecek arama davranisindan esinlenilmistir. Bu algoritmada g tiir ar1 bulunur: is¢i ari, gozci ar1 ve
kasif ar1. Bunlar algoritmanin arama ve seleksiyon yapan birimlerine karsilik gelmektedir. Yiyecek kaynaklarinin
konumu problemin olasi1 ¢oziimleridir. Yiyecek kaynaginda bulunan nektar miktar1 ¢oziimlerin kalitesini
(uygunluk degeri) ifade eder. ABC algoritmasi, arastirma uzayindaki ¢oziimlerden en fazla nektara sahip
kaynagin yerini bulmaya ¢alisarak problemi en iyileyecek ¢oziimii bulmaya ¢alisir. Algoritmanin temel adimlar
Algoritma 1'de verilmistir [13]:

Algoritma 1. ABC algoritmasinin temel adimlari

Baslangic yiyecek kaynagi bolgelerinin tiretilmesi

repeat
Gorevli arilarin yiyecek kaynagi bolgelerine gonderilmesi
Yiyecek Kaynaklarinin Segilebilme Olasiliklarinin Hesaplanmasi
Gozcii Arilarin Yiyecek Kaynagi Bolgesi Se¢meleri
Kasif ar1 tiretimi

until cevrim sayisi = maksimum cevrim sayisi

Nk W e

1. Baslangi¢c Yiyecek Kaynag Bolgelerinin Uretilmesi: Algoritma kovan cevresini arastirma uzay1 varsayarak
rasgele yiyecek kaynagi yerleri olusturur. Bu yerleri olustururken her bir parametrenin alt ve iist siirlari
dikkate alinarak rasgele degerler iiretilir. Yiyecek kaynag1 bolgelerinin tiretilmesi Esitlik 2 ile gerceklestirilir:

Xij = x]?”in + rand (0,1)(x]max _ xjmin) .

Bu esitlikte i = 1,...,SN, j =1,...,D ve SN yiyecek kaynag sayisi ve D optimize edilecek parametre sayisidir.
x]-mi", j- parametrenin alt siniri, x"** ise j. parametrenin iist siniridir. Ayni zamanda baslangi¢ asamasinda her
kaynagin gelistirilememe sayisini ifade eden sayac; (i. kaynagin gelistirilememe sayisi) sayaglar1 da
sifirlanmaktadir. Baslangi¢ yiyecek kaynagi bolgeleri tretildikten sonra gorevli ari, gézcii ar1 ve kasif ar1 adimlari
ile daha iyi kaynak bolgeleri bulunmaya ¢alisilir. ABC algoritmasinda durdurma kriteri olarak kabul edilebilir
hata degeri (err), maksimum ¢evrim sayis1 (MCN) veya standart durdurma Kkriteri uygulanabilir.

2. Gorevli Arlarin Yiyecek Kaynagi Bolgelerine Gonderilmesi: Gorevli ar1 biriminde her kaynagin civarinda yeni
bir yiyecek kaynagi Esitlik 3 ile belirlenir:

vy = Xy + by (i — %) 3)

%; ile gosterilen her bir kaynak i¢in, bu kaynagin yani ¢oziimiin tek bir parametresi (rastgele secilen parametresi,
J) degistirilerek X; komsulugunda v; kaynag: bulunur. Esitlik 3'te j, [1, D] aralifinda rastgele iiretilen tamsayidir.
Rastgele secilen j parametresi degistirilirken, yine rastgele secilen X, komsu ¢éziimiintin (k € {1,2,...,SN}) j.
parametresi ile mevcut kaynagin j. parametresinin farklar1 alimp [—1,1] arasinda deger alan ¢;; sayisi ile
agirliklandirildiktan sonra mevcut kaynagin j. parametresine eklenmektedir.

Esitlik sonucu yeni iiretilen 7;; daha énceden belli olan parametre siirlarini asarsa Esitlik 4 ile j. parametreye
ait olan alt veya st sinir degerlerine ¢ekilir.

_ (A vy <ot
U”

max max
x]' Uij > x]'

4

Sinirlar dahilinde tretilen v; parametre vektori yeni bir kaynagi temsil etmekte ve bunun Kkalitesi Esitlik 5 ile
hesaplanarak bir uygunluk degeri atanmaktadir.

. _(1/A+f) fi=0
fitness; _{1+abs(fi) £ <0 (5)
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Burada f;, J; kaynaginin yani ¢6ziimiiniin maliyet degeridir. X; ile U; arasinda nektar miktarlarina yani uygunluk
degerlerine gore bir a¢ gozli (greedy) se¢im islemi uygulanir. Yeni bulunan v; ¢éziimii daha iyi ise gorevli ari
hafizasindan eski kaynagin yerini silerek ; kaynagimin yerini hafizaya alir. Aksi taktirde gorevli a1 X; kaynagina
gitmeye devam eder ve ¥; ¢6ziimii gelistiremedigi icin X; kaynagi ile ilgili gelistirememe sayaci (sayac;) bir artar,
yeni ¢6ziimiin kabul edildigi durumda ise bu sayag sifirlanir.

3. Yiyecek Kaynaklarinin Segilebilme Olasiliklarinin Hesaplanmasi: Gorevli ar1 biriminde biitiin kaynaklarin
komsulugunda arastirma tamamlandiktan sonra bulunan kaynaklarin nektar miktarlariyla ilgili bilgiler gézcti ar1
birimi ile paylasilir. Gézcii arilar yiyecek kaynaklarinin nektar miktariyla orantili bir olasilik kullanarak bir
kaynak secer. Bu se¢im siralamaya dayali, stokastik, rulet tekerlegi, turnuva yontemi ya da baska bir se¢im
yontemlerinden istenilen ile yapilabilir. Temel ABC algoritmasi rulet tekerlegi kullanarak secim islemini yapar.
Tekerlekteki her bir dilimin acis1 uygunluk degeriyle orantilidir. Bir kaynagin uygunluk degerinin, tim
kaynaklarin uygunluk degeri toplamina orani Esitlik 6 ile bulunur ve bu oran nispi secilme olasiligini verir.

fitness;

pi = (6)

SN fitness;

Burada fitness;, i. kaynagin kalitesini, SN yiyecek kaynag1 sayisini gostermektedir. Hesaplanan bu olasilik
degerinden bir kaynagin uygunluk miktar: arttik¢ca yani nektar miktar: arttik¢a, bu kaynagi sececek gozciu ar1
sayisi da dolayisiyla artacaktir.

4. Gozci Arilarin Yiyecek Kaynagi Bolgesi Se¢meleri: Olasilik degerleri hesaplandiktan sonra her bir kaynak icin
[0,1] araliginda rastgele sayi iretilir. Rulet tekerlegine gore secim isleminde bu tretilen sayi, p; degerinden
kiiciikse gozcii arilar tipki gérevli arilarin yaptigi gibi Esitlik 3't kullanarak bu kaynak bolgesinde yeni bir ¢6ziim
tretir. Yeni ¢oziim degerlendirilir ve kalitesi hesaplanir. Yeni ¢6ziim ve eski ¢6ziim uygunluklarina gore
karsilastirilir. A¢ gozlii seleksiyon islemi kullanilarak iyi olan ¢oziim secilir. Yeni ¢6zlim segilirse ¢6zim
gelistirememe sayaci (sayac;) sifirlanir. Eski ¢6zlimiin daha iyi olduguna karar verilirse mevcut ¢6ziim korunur
ve gelistirememe sayaci (sayac;) bir artiritlir. Bu asama tiim gozci arilar yiyecek kaynaklarina yonlendirilene
kadar siirer.

5. Kasif Ar1 Uretimi: Tiim gorevli ve gozcii ar1 asamalar bir cevrimi bitirdikten sonra ¢dziim gelistirememe
sayaclarina (sayac;) bakilir. Bir kaynagin nektarinin tiikenip titkenmedigi bu saya¢lardan anlasilir. Bir kaynak
icin ¢6zliim gelistirememe sayaci, kontrol parametresi olan limit degerini astiysa, bu kaynak tiikenmis demektir
ve bu kaynagin gorevli aris1 kendine baska bir kaynak bulmalidir. Yani gérevli arinin o kaynakla ilgili gorevi biter
ve kasif ar1 olarak kendine rasgele yeni bir kaynak aramaya baslar (Esitlik 2). Temel ABC algoritmasinda her
¢evrimde sadece bir kasif arinin ¢ikmasina izin verilir.

2.2. Ceza Fonksiyonu Kullanan ABC Algoritmasi

Bu calismada ceza fonksiyonu tiirlerinden statik ceza yapisi ABC algoritmasina entegre edilmistir ve bu yonteme
PEN-ABC ad1 verilmistir. Statik ceza yapisinda her problem icin verilen sabit bir ceza faktéri bulunmaktadir.
Temel ABC algoritmasindan farkl olarak her ¢6ziim i¢in hesaplanan ihlal degeri yani sinirlama asim degeri belli
bir esitlikle amag fonksiyonuna eklenir. Esitlik 7 ile yeni amag fonksiyonu olusturulur. Bu esitlikte 7, ceza faktorti
ve g; smirlama agim miktaridir [12]. r, parametresinin farkh degerlerine goére PEN-ABC algoritmasinin
performansi 6l¢iilmiistir.

/G = £ + ) (13 x max[0, g: () 7)
i=1

Temel ABC algoritmasindan farkhi olarak Karaboga ve Akay [14] smirlamali optimizasyon problemlerinin
¢oziimiinde yakinsama hizini artirmak i¢in komsu ¢6ziim olustururken degisim orami (MR) adi verilen bir
parametre ve kasif ar1 asamasinda ise kasif iiretim periyodu (SPP) adi verilen baska bir parametre eklemistir.
Ayrica sinirlamali ABC algoritmasinda popililasyonda kabul edilebilir bolge disinda ¢oéziimler olmasina izin
verildigi icin gozcii ar1 asamasinda bu ¢éziimler i¢in olasilik hesabinda sinirlama asim degerlerine gore olasilik
atanmaktadir.

PEN-ABC algoritmasinda yeni bir ¢6ziim iiretirken Esitlik 8 kullanilir [14]. R;, [0,1] araliginda uniform dagilimh
rasgele sayl, MR,[0,1] araliginda deger alan kontrol parametresidir. ¢;;, [-1,1] arahginda uniform dagilimh
rasgele bir say1ve k € {1,2, ..., SN}, i'den farkli rasgele bir indistir.
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i+ Pij(xij —xxj), R < MRi
ul.jz{xu ¢U(xu xk}) S ise o

Xij, aksi durumda

PEN-ABC algoritmasinda gozcii arilarin kaynak segerken kullandiklari olasilik hesabi Esitlik 9'da verilmistir [14].
¥; ¢coziimiiniin, ihlal degeri g; ve uygunluk miktar1 fitness;'dir.

fitness; o
05+ |osy—>——1]*0,5 kabul edilebilir ise
_ 2, fitness;

;

(9)

T VSN
i=19i

L (1 L)*o,s kabul edilebilir degilse

2.3. Stokastik Beslemeli ABC Algoritmasi

Runarsson ve Yao [5], ceza fonksiyonlarinda kullanilan 7; ceza faktoriiniin belirlenme zorlugunu ortadan
kaldirmak ve amag fonksiyonu ile ceza fonksiyonu arasinda dengeyi saglamak icin stokastik siralama mantigini
Onermistir. Siralamay1 yaparken ise kabarcik siralama prosediiriinii kullanmislardir. Bu prosedir ABC
algoritmasinin ¢alisma mantigina gore uyarlanarak ABC algoritmasina entegre edilmistir ve stokastik beslemeli
ABC algoritmas1 SR-ABC olarak isimlendirilmistir.

SR-ABC algoritmasinda is¢i ve gozcii ar1 asamalarinda komsu ¢oziimler temel ABC algoritmasindaki gibi
olusturulur. Burada seleksiyon islemine gecildiginde ise a¢ gozli seleksiyon islemi uygulanmaz. Algoritma 2 ile
verilen stokastik siralama prosediirii devreye girer. Oncelikle SN tane mevcut ¢6ziim ve SN tane yeni olusturulan
komsu ¢6ziim birlestirilir. Yani elde edilen 2 * SN ¢6ziim stokastik siralama prosediiriine gore amag¢ fonksiyonu
ve ihlal degerine gore siralanir. Bu siralanan ¢éziimler stokastik siralama algoritmasindaki gibi dogrudan siraya
gore alinmaz. Iclerinden bazi ¢éziimler sirali olarak bazilar ise cesitlilik olmasi acisindan rasgele secilir. Boylece
bu segilen SN tane ¢6ziimiin icinde tamamen kabul edilebilir ¢dziimler bulunmamis olur ve popiilasyondaki
farklilik (diversity) saglanir. Segilen SN ¢6zlim icin uygunluk degerleri hesaplanir ve ABC algoritmasinin diger
adimlar1 temel ABC algoritmasindaki ile ayni devam eder.

Hem isci a1 fazinda hem de gozcii ar fazinda stokastik yapi kullanilarak olusturulan stokastik beslemeli ABC
algoritmasinda yakinsama hizini artirmak icin komsu ¢6ziim iiretme asamasinda tek komsu yerine birka¢ komsu
bilgisinin kullanildig1 bir komsuluk mekanizmasi kullanilmistir. Sadece gorevli ar1 asamasinda, sadece gozcii ar1
asamasinda ya da hem gorevli ar1 hem de gozcii ar1 asamalarinda Esitlik 10 kullanilmasi durumlari ayr1 ayri
incelenmistir. Bu esitlikte r; # r, # i olarak varsayilmaktadir.
Vi: = {xrlj +Fx (xif - xrzf) Rf < MR (10)
Ty aksi durumda

2.4. Stokastik Deb Kurallari Kullanan ABC Algoritmasi
iki ¢6ziim arasinda seleksiyon isleminde Deb [9] asagidaki kurallar1 énermistir:

e Kabul edilebilir bolgedeki ¢6ziim kabul edilebilir bélgede olmayan ¢oziime tercih edilir.
e ki kabul edilebilir ¢6ziim arasinda amag fonksiyonu degeri daha iyi olan ¢oziim tercih edilir.
e ki kabul edilebilir olmayan ¢éziim arasinda sinirlama asim degeri daha kiigiik olan ¢éziim tercih edilir.

Sinirlamali optimizasyon problemlerinin ¢6ziimii icin Karaboga ve Akay [10] tarafindan ABC algoritmasinin
seleksiyon asamasinda Deb'in kurallari kullanilmistir. Seleksiyon asamasinda Deb'in kurallar1 kullanildiginda
popiilasyona biiyiik oranda kabul edilebilir ¢éziimler dahil olmustur. Popiilasyona farklilik (diversity) katilmasi
amaciyla Deb'in kurallarina stokastiklik eklenmistir. Dolayisiyla stokastiklik ve Deb'in kurallarinin bir arada
kullanildigi bir yontem gelistirilmistir. Bu yontem DEB-SR-ABC olarak adlandirilmistir. DEB-SR-ABC
algoritmasinin seleksiyon asamasinda Algoritma 3 kullanilir. Bu algoritma ile popiilasyona cesitlilik katilmasi
amaglanmigtir. Popiilasyona sadece kabul edilebilir ¢oziimlerin yerine kabul edilebilir olmayan ¢oziimler P;
katsayisinin etkisiyle dahil olur.
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Algoritma 2. Stokastik besleme prosediirii

1. Mevcut ¢oziimler dizisi ile komsu ¢ozlimler dizisini birlestir
2. fori = 1toSN*2do

3. forj=1toSN*2do

4. if; =¢;,, =0then
5. if f; = f;,, then

6. Yer degistir (i,i + 1)
7. end if

8. end if

9. if$; = ¢;,, then

10. Yer degistir (i,i 4 1)
11. endif

12. end for

13. end for

14. SN tane ¢oziimiin bazilarini sirali bazilarini rasgele se¢

DEB-SR-ABC algoritmasinin seleksiyon asamasinda kullanilan Algoritma 3 ile asagidaki kurallar énerilmektedir:

e Mevcut ¢6ziim ve komsu ¢6zliimin her ikisi de kabul edilebilir bolgede ise veya rasgele liretilen random say1
P¢'den kiigiikse amag fonksiyonu degerine gore se¢im yapilir.

e Mevcut ¢oziim kabul edilebilir bolgede degil ancak komsu ¢o6ziimiin kabul edilebilir bélgede oldugu
durumda, random sayinin Pf'den kii¢tik olmasi sartiyla komsu ¢éziimiin amag fonksiyonu degeri daha iyiyse
komsu ¢6zliim secilir. Komsu ¢6ziimiin amag¢ fonksiyonu degeri daha iyi olmadigi halde sinirlama asim
degeri daha kiigiikse yine komsu ¢6ztiim segilir. Aksi durumda mevcut ¢6ziim korunur.

e ki ¢6ziim de kabul edilebilir bolgede degilse sinirlama asim degeri daha kiigiik olan segilir.

Algoritma 3. DEB-SR-ABC algoritmasinin seleksiyon asamasi

1. if (violation; < and violation; < 0) or random < P; then
2. if fitness; > fitness; then

3. Komsu ¢6ziimii se¢

4. else

5. Mevcut ¢oziimii tut.

6. endif

7. else

8.  if (violation; = 0 and violation; < 0) then
9. if random < P; then

10. if fitness; = fitness; then

11. Komsu ¢ézuimtu se¢

12. end if

13. else

14. if violation; < violation; then

15. Komsu ¢6ziimii se¢

16. else

17. Mevcut ¢6ziimii tut.

18. end if

19. endif

20. endif

21. else

22.  if (violation; > 0 and violation; = 0) then
23.  ifviolation; < violation; then

24, Komsu ¢6ziimii se¢

25. else

26. Mevcut ¢6zimi tut.

27. end if

28. end if

29. end if

390



Sinirlama Ele Alis Metotlarinin Yapay Ari Kolonisi Algoritmasi Uzerinde Etkisinin incelenmesi

3. Bulgular

Bu béliimde bu calismada énerilen yeni yontemlerle ilgili deneysel calismalara yer verilmistir. Oncelikle PEN-
ABC, SR-ABC ve DEB-SR-ABC algoritmalar1 test problemleri araciligiyla degerlendirilmistir. Gelistirilen ii¢
yontem sonuglari literatiirdeki stokastik siralama (SR) metodu [5], gelistirilmis stokastik siralama (ISR) metodu
[6], asir1 ceza yaklasimi (OPA) [6], genetik algoritma (GA) [7], basit ¢ok iiyeli evrimsel strateji (SMES) [7],
diferansiyel gelisim (DE) [10], parcacik siirii optimizasyonu (PSO) algoritmasi [8] ve ABC algoritmasi [10] ile
karsilastirilmistur.

Algoritma, Visual Studio 2017'de C#.NET programlama dili ile kodlanmistir. Deneyler Intel (R) Core (TM) i5-
3210 M 2.5 GHz islemci, 6 GB RAM ve Windows 10 isletim sistemi bulunan bilgisayar ile yapilmistir.

3.1. Test Problemleri

Gelistirilen yontemleri test etmek amaciyla Liang ve dig. [15] tarafindan Onerilen literatiirde siklikla kullanilan
13 simirlamali optimizasyon problemi kullanilmistir. Her test probleminin temel o6zellikleri Tablo 1'de
Ozetlenmistir. Tablo 1'de D problemdeki degisken sayisi, “NI” nonlineer esitsizlik sayisi, "LI" lineer esitsizlik
sayisy, "NE" nonlineer esitlik sayis1 ve "LE" ise lineer esitlik sayisidir. "a" aktif sinirlamalarin sayisi ve “p” kabul
edilebilir bolgenin yaklasik alamidir. p = |F|/|S| seklinde hesaplanir ve burada |S| arastirma uzay1 ve |F| ise
kabul edilebilir bélgedir. g05, g07 ve g13 problemlerinin kabul edilebilir bélge oranlar agisindan ¢ok dar bir
alana sahip oldugu gortilmektedir.

Tablo 1. Calismada kullanilan test problemlerinin karakteristikleri

Problem Min./Max. D Problemin Tirli  p LI NI LE NE o
g01 Min. 13 Kuadratik %0.0003 9 0 0 0 6
g02 Max. 20 Nonlineer %99.9973 0 2 0 0 1
g03 Max. 10 Polinomial %0.0026 0 0 0 1 1
g04 Min 5 Kuadratik %27.0079 0 6 0 0 2
g05 Min 4 Kiibik %0.0000 2 0 0 3 3
g06 Min 2 Kiibik %0.0057 0 2 0 0 2
g07 Min 10 Kuadratik %0.0000 3 5 0 0 6
g08 Max. 2 Nonlineer %0.8581 0 2 0 0 0
g09 Min 7 Polinomial %0.5199 0 4 0 0 2
g10 Min 8 Lineer %0.0020 3 3 0 0 6
gll Min 2 Kuadratik %0.0973 0 0 0 1 1
gl2 Max. 3 Kuadratik %4.7697 0 1 0 0 0
gl3 Min 5 Nonlineer %0.0000 0 0 0 3 3

3.2. Kontrol Parametreleri ve Degerleri

Karaboga ve Akay [10], deneysel calismalarinda sabit parametre degerleri kullanmislardir. Buna gore koloni
biytikligi SN = 40, maksimum ¢evrim sayis1 MCN = 6000, degisim oran1 MR = 0.8, D probleme ait parametre
sayisi olmak tzere limit = 0.5*SN+*D ve SPP = 0.5%SN *D'dir. Esitlik sinmirlamalarini esitsizlik
sinirlamalarina gevirirken kullanilan € = 0.001 olarak isleme katilmistir. Her bir deney rasgele popiilasyonlarla
30 kez kosulmustur.

PEN-ABC algoritmasini denerken 7, parametresinin bes farkli degeri i¢in performans degerlendirmesi
yapimustir. 7, = {1,5,10,20,50} degerleri verilmistir. SR-ABC algoritmasinin ilk olarak performansi
incelenmistir. Sonrasinda ise sinirlamalari asan parametreler icin ceza fonksiyonlarinda oldugu gibi ihlal
degerleri amag¢ fonksiyonuna eklenerek performansina bakilmistir. Burada 7, =1 alinmigtir. DE komsuluk
mekanizmasi kullanilarak yapilan performans incelemesinde is F 6lcekleme faktorii 0.8 olarak kabul edilmistir.
Yani toplamda ti¢ farkli sekilde SR-ABC algoritmasi degerlendirilmistir. DEB-SR-ABC algoritmasinda ise temel
ABC algoritmasindaki parametrelere ek olarak kullanilan Py parametresi Runarsson ve Yao'nun [5] énerdigi
sekilde Pr = 0.45 olarak verilmistir.

SR [5], gelisimsel stratejide stokastik siralama mantigina dayanan bir sinirlama ele alis metodu kullanmistir.
(30,200) — ES kullamlmistir ve tiim kosmalar 1750 iterasyondan sonra durdurulmustur. Bdylelikle
200x1750=350000 amag¢ fonksiyonu degerlendirmesi yapilmis olur. Tim esitlik sinirlamalarim esitsizlik
sinirlamalarina gevirirken |hj-| € ¢ olmak izere ¢ = 0.0001 secilmistir.

391



Sinirlama Ele Alis Metotlarinin Yapay Ari Kolonisi Algoritmasi Uzerinde Etkisinin incelenmesi

ISR [6], 875 iterasyon boyunca (60,400) — ES kullanmistir. Dolayisiyla 400x875 = 350000 amag fonksiyonu
degerlendirilmis olur. Burada SR'den farkli olarak adim biiyiikliigiinii 6lgeklemek icin y kontrol parametresi
kullanilmistir. Adim biiyiikliigiindeki azalma yaklasik 0.85'tir.

OPA [6], ceza yaklasimina dayanan sinirlama ele alis metoduyla (60,400) — ES kullanmistir. g12 hari¢ biitiin
kosmalar 875 iterasyon sonra durdurulmustur. gl2 ise 87 iterasyonda durdurulmustur. Fonksiyonun
degerlendirme sayisi toplamda 400x875 = 350000’dir.

GA [7], sinirlama ele alis metotlarindan Deb'in kurallarini kullanmistir. Esitlik siirlamalarini esitsizlik
sinirlamalarina gevirirken ¢ degeri dinamik olarak belirlenir. Koloni biiytikligii 200, maksimum iterasyon sayisi
1200, caprazlama orani 0.8 ve degisim orani 0.6'dir. Toplamda 200x1200 = 240000 amag¢ fonksiyonu
degerlendirmesi yapilmistir.

SMES [7], (100,300) — ES ve simirlamalari ele almak icin Deb'in kurallarim kullanir. iterasyon sayis1 800'diir.
Toplam amag fonksiyonu degerlendirme sayis1 300x800 = 240000'dir.

DE algoritmasi [10], sinirlamalari ele almak i¢in Deb'in kurallarini kullanmistir. Koloni biiytikligii 40, caprazlama
orani (CR) 0.9, dlgcekleme faktorii (F) 0.5 ve maksimum iterasyon sayist 6000'dir. Dolayisiyla amag fonksiyonu
degerlendirme sayis1 40x6000 = 240000'dir.

PSO algoritmasi [8], sinirlamalari ele alis metotlarindan Deb'in kurallarini kullanir. Stri (popiilasyon) biytkligi
50 ve iterasyon sayis1 7000'dir. Toplamda amag¢ fonksiyonu degerlendirme sayis1 50x7000 = 350000'dir. Sosyal
ve bilissel bilesenlerin her ikisi de 1 olarak alinmistir. Eylemsizlik agirlig: (inertia weight) [0.5 — 1] araliginda
uniform dagilmis rasgele bir reel sayidir. Esitlik sinirlamalarini esitsizlik sinirlamalarina ¢evirirken |h]-| € ¢ 'de
kullanilan € = 0.001'dir.

ABC algoritmasi [10], sinirlamalari ele alirken Deb'in kurallarini kullanmistir. Koloni biiytikligi (SN) 40 degisim
oran1 (MR) 0.8, maksimum c¢evrim sayisi (MCN) 6000'dir. D probleme ait parametre sayis1 olmak tzere
limit = 0.5* SN * D ve SPP = 0.5 * SN * D'dir. Amag fonksiyonu degerlendirme sayis1 40x6000 = 240000 'dir.
Deneyler rasgele popiilasyonlarla 30 kez tekrarlanmistir.

3.3. Istatistiksel Sonuglar

Sinirlamali optimizasyon problemlerinin ¢6ziimii i¢in gelistirilen yontemler literatiirdeki diger algoritmalarla
karsilastirilmistir. Tablo 2 ve Tablo 3’te problemler icin elde edilen en iyi degerler ve ortalama degerler
karsilastirmali olarak analiz edilmistir. Her bir problem i¢in bulunan en iyi sonu¢ koyu olarak yazilmistir.
Tablolarda yer alan NA kabul edilebilir ¢6ziim bulunamayan degerleri gostermektedir.

PEN-ABC algoritmasinin r; parametresinin farkli degerleriyle 30 kosma sonucunda bulunan sonuglari tablolarda
sunulmustur. Stokastik beslemeli ABC algoritmasi yedi farkli sekilde incelenmistir. Sadece is¢i ar1 fazina
stokastik yap1 entegre edilerek (Employed-SR), sadece gozcii ar1 fazina stokastik yapi entegre edilerek
(Onlooker-SR), hem is¢i ar1 hem de gozcii ar1 fazina stokastik yap1 entegre edilerek (Employed-Onlooker-SR) ve
hem isci ar1 hem de gozcii ar1 fazina stokastik yap1 entegre edilmesine ek olarak sinirlama asim degerlerinin de
amag fonksiyonuna eklenme islemi uygulanarak (Employed-Onlooker-SR/rg) analizler yapilmistir. Ayrica ABC
algoritmasinin is¢i ve gozcii arn fazlarinda stokastik yapi kullanilmasina ek olarak komsu ¢6éziim iliretme
asamasinda DE algoritmasinin komsu iiretme mekanizmasi kullanilarak ti¢ yontem daha denenmistir. Burada DE
komsu liretme mekanizmasi sadece is¢i ar1 fazinda kullanildiginda (Employed-DE), sadece gozcii ar fazinda
kullanildiginda (Onlooker-DE) ve hem is¢i ar1 hem de gozcii ar1 fazinda kullanildiginda (Employed-onlooker-DE)
elde edilen sonuglar incelenmistir. DEB-SR-ABC algoritmasi ile 30 kosma sonucu elde edilen sonuglar da
tablonun sonuna eklenmistir.
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PEN-ABC algoritmasinin Tablo 2 ve Tablo 3’te sunulan sonuglarina gore her bir problem iizerinde karsilastirma
yapimistir. g01 probleminde optimal deger bulunamasa da ortalama degerler incelendiginde GA, PSO ve DE
algoritmalarindan daha iyi oldugu soylenebilir. g02 probleminde optimal degere ulagilamasa da 7;’'nin tiim
degerlerinde GA, PSO ve DE algoritmalarindan daha iyi sonu¢ alinmistir. r; = {5, 10} iken SR, SMES ve ABC
algoritmalarindan daha iyidir. Ortalama degerlere bakildiginda 7, parametresi arttik¢a ortalama iyilesmis ve
diger algoritmalardan daha iyi bir degere ulagmistir. g03 probleminde 7; = 50 iken diger 7, degerlerinden daha
iyi sonug almis ancak optimale ulasamamistir. Hem en iyi sonucuyla hem de ortalama sonucuyla sadece OPA’dan
daha iyidir. PEN-ABC algoritmas1 g04 probleminde performans diger algoritmalarin gerisinde kalmistir. g05
probleminde SMES, PSO, DE ve ABC algoritmalariyla en iyi sonuglara gore benzer sonuglar alinmistir. Ortalama
sonuglara gore OPA ve DE algoritmalarindan daha iyidir. GA’dan ise daha iyi bir performansa sahiptir. g06
probleminde diger algoritmalardan diisiik performansa sahiptir. 7, = 50 parametresiyle PEN-ABC algoritmasi
g07 probleminde en iyi sonucunu elde etmis ve GA ve PSO algoritmalarindan daha iyi sonu¢ almistir ve ortalama
sonuclar da daha basarilidir. g08 probleminde diger algoritmalar gibi optimal degere ulasmistir. g09
probleminde r, = 20 ve 1, = 50 degerleriyle optimale en yakin sonug elde edilmistir ve bu sonuglarla
GA’dan daha iyi, SMES ve ABC algoritmasi ile yakin performans gostermistir. g10 probleminde diger
algoritmalardan daha kotl sonuglar alinmistir. g11 probleminde r; = {20, 50} iken optimal deger bulunmus ve
diger algoritmalarla (DE algoritmasi hari¢) benzer performans gostermistir. Ortalama degerler incelendiginde
DE algoritmasindan daha iyidir. g12 probleminde optimal deger bulunmus ve diger algoritmalarla benzer
performans gostermistir. g13 probleminde 7, = 1 parametresiyle en iyi sonucunu bulmustur ve bu sonugla OPA,
GA, PSO, DE ve ABC algoritmalarindan daha iyidir.

SR-ABC algoritmasinin Tablo 2 ve Tablo 3’te verilen sonuglarina goére her bir problem icin ydntemlerin
performansina gore karsilastirma yapilmistir. g01 probleminde Employed-SR optimal degeri bulurken digerleri
optimale yakin deger bulmustur. Ancak ortalama degerler incelendiginde SR-ABC algoritmasinin diger
algoritmalara gore daha diisiik bir performansa sahip oldugu gorilmektedir. g02 probleminde en iyi sonuglar
Onlooker-SR ve Employed-Onlooker-SR/rg yontemleriyle alinmistir. Bu sonuglar ile sadece PSO ve DE
algoritmalarindan performans olarak iisttedir. g03 probleminde Employed-SR, Employed-Onlooker-SR ve
Employed-Onlooker-SR/rg yontemleri optimale yakin sonuglar bularak OPA, GA ve PSO algoritmalarindan daha
iyi performans gostermistir. Bu problemde ortalama ve standart sapma degerlerine bakildiginda kararsiz yapida
oldugu soylenebilir. g04 probleminde Employed-SR, Onlooker-SR, Employed-Onlooker-SR ve Employed-
Onlooker-SR/rg yontemleriyle optimal deger yakalanmistir. Diger algoritmalarla (GA hari¢) benzer performans
gosterildigi soylenebilir. g05 probleminde Onlooker-SR, Employed-Onlooker-SR ve Employed-Onlooker-SR/rg
yontemleriyle optimale yakin sonug¢lar alinmistir. Ancak diger algoritmalara nazaran (GA hari¢) daha diisiik
performansa sahiptirler. g06 probleminde Employed-SR ve Onlooker-SR yontemleri optimal degere ulasmstir.
GA ve DE algoritmalarn hari¢ diger algoritmalarla benzer performans elde edilmistir. g07 probleminde
Employed-SR, Employed-Onlooker-SR ve Employed-Onlooker-SR/rg yontemleri optimale en yakin sonuglar elde
ederek sadece GA'dan iyi performans gostermistir. g08 probleminde tiim yontemlerle optimale ulasarak diger
algoritmalarla benzer performans elde edilmistir. g09 probleminde Employed-SR, Onlooker-SR, Employed-
Onlooker-SR ve Employed-Onlooker-SR/rg yontemleri optimale yakin degerler bulmustur. Ancak diger
algoritmalar (GA haricinde) kadar basarili degildir. g10 probleminde Employed-Onl-SR/rg yontemi optimale en
yakin deger bulmustur. Sadece GA'dan daha iyi sonu¢ alinmistir. g1l ve gl2 problemlerinde optimal degere
ulasilmistir ve tiim yoéntemlerin diger algoritmalarla benzer performansa sahip oldugu soylenebilir. g13
probleminde ise Onlooker-SR yontemi ile optimale daha yakin sonug¢ alinmistir ve bu sonugla OPA, GA, PSO ve DE
algoritmalarindan daha iyidir. Genel itibariyle SR-ABC algoritmasinda uygulanan yontemlerden Employed-SR,
Onlooker-SR, Employed-Onlooker-SR ve Employed-Onlooker-SR/rg optimal/optimale yakin degere ulasmis ve
literatlirdeki diger algoritmalara yakin sonuglar elde etmistir.

Sunulan sonuglara gére DEB-SR-ABC algoritmasinin optimale daha yakin sonuclar elde ettigi gériilmektedir.
DEB-SR-ABC algoritmas1 g01 probleminde optimali bulup diger algoritmalarla benzer performans gostermistir.
En iyi sonuca gore sadece GA'dan daha iyiyken ortalama sonuglara bakildiginda GA, PSO ve DE algoritmalarindan
daha iyidir. g02 probleminde optimale ¢ok yakin sonu¢ bularak DE ve PSO algoritmalarindan daha iyi sonug
alirken diger algoritmalarla benzerdir. g03 probleminde optimal deger bulunup yalmiz OPA'dan iist bir
performans gostermistir, digerleriyle ise benzerdir. g04 probleminde optimal deger bulunarak diger
algoritmalarla (GA hari¢) benzer performans elde edilmistir. g05 ve g06 problemlerinde diger algoritmalardan
diisiik performans gostermistir. g07 probleminde optimale yakin sonu¢ alinmistir. GA'dan iyi, SMES, PSO ve ABC
ile benzerdir. g08 probleminde diger algoritmalarda oldugu gibi optimal deger bulunmustur. g09 probleminde
optimale ¢ok yakin sonu¢ bulunmustur ve diger algoritmalarla (GA hari¢) performans olarak yakindir. DEB-SR-
ABC algoritmasi g10 probleminde optimalden uzak sonug¢ alarak diger algoritmalardan diisiik performans
gostermistir. g1l ve g12 problemlerinde optimal deger bulunmus ve diger algoritmalarla benzer performans
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gostermistir. g13 probleminde DEB-SR-ABC algoritmas1 optimal degeri bulamasa da OPA, GA, PSO, DE ve ABC
algoritmalarindan iyi performansa sahiptir.

Sekil 1 ve Sekil 2’de 13 test problemi i¢cin bulunan en iyi sonuglarin grafikleri sunulmustur. Grafiklerde x-ekseni
denenen yontemi, y-ekseni ise elde edilen sonucu gostermektedir.
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Sekil 1. g01-g08 problemleri i¢in bulunan en iyi sonuglarin grafikleri
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Sekil 2. g09-g13 problemleri i¢in bulunan en iyi sonuglarin grafikleri

4. Tartisma ve Sonug

Tablo 4’te literattirde siklikla kullanilan 13 test probleminin ¢6ziimiinde {i¢ yontem (PEN-ABC, SR-ABC ve DEB-
SR-ABC) arasindan en iyi sonuca ulasan yontemler listelenmistir. Bu ¢izelgede PEN-ABC algoritmasi i¢in hangi
parametre (1) degeriyle en iyi sonuca ulastigi, SR-ABC algoritmas i¢in kullanilan hangi yontemle en iyi sonuca
ulastif1 ve DEB-SR-ABC algoritmasinda ise ulasilan sonug bilgisi yer almaktadir. g01 probleminin ¢dziimii i¢cin
Employed-SR ve DEB-SR-ABC yontemleri kullanilabilir. g02 probleminin ¢6ziimii i¢in PEN-ABC (r; = {5,10,50})
ve DEB-SR-ABC yontemi kullanilabilir. g03 problemi Employed-Onlooker-SR, Employed-Onlooker-SR/rg ve
DEB-SR-ABC yontemleri ile c¢ozilebilir. g04 problemi Employed-SR, Onlooker-SR, Employed-Onlooker-SR,
Employed-Onlooker-SR/rg ve DEB-SR-ABC yontemleri ile c¢ozilebilir. g05 probleminde PEN-ABC (7; =
{10, 20, 50}) yontemiyle optimale yakin sonug alinabilir. g06 probleminde optimale ulasan yontemler Employed-
SR ve Onlooker-SR'dir. g07 problemi optimale en yakin deger bulan PEN-ABC (v; = 50) ve DEB-SR-ABC
yontemleri ile ¢oziilebilir. g08 probleminde ii¢ algoritma (PEN-ABC, SR-ABC ve DEB-SR-ABC) ile ¢6ziime
ulagilabilir. g09 probleminin ¢6ziimiinde PEN-ABC (7; = {20, 50}) ve DEB-SR-ABC yontemleri uygulanabilir. g10
probleminde yalnizca Employed-Onlooker-SR/rg yodntemiyle optimale yakin sonu¢ alinabilir. g1l ve gl2
problemlerinde li¢ algoritma ile optimal/optimale yakin degere ulagilmistir. g13 probleminde PEN-ABC (r; = 1)
ve DEB-SR-ABC yontemleriyle optimale yakin sonuglar elde edilmistir.
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Tablo 4. Problemlerin ¢ézlimiinde en iyi sonuca ulasan yontemler

Fonksiyon / PEN-ABC SR-ABC DEB-SR-ABC
Optimal En iyi sonug Ortalama En iyi sonug Ortalama Eniyisonu¢  Ortalama+
(yontem) + std. sapma (yontem) + std. sapma std. sapma
g01-15.000 -14.986 -14.948 -15.000 -13.766 -15.000 -15.000
(rg=50) +0.023 (Employed-SR) + 1.546 +0
g02 0.803619 0.803607 0.791964 0.794766 0.717791 0.8035917  0.7916718
(rg=10) + 0.014 (Onlooker-SR) + 0.098 +0.010
g031 0.9752 0.6737 0.9998 0.6898 1.004 1.002
(rg=50) +0.236 (Employed- + 0461 +0.003
Onlooker-SR/rg)
g04 -30665.539 -30459.850  -29337.438  -30665.539 -30665.539 -30665.539  -30665.539
(rg=50) + 536.312 (Onlooker-SR) + 0.0007 +0
805 5126.4981 5126.5284 5316.7171 5127.0429 5616.4044 4986.8712  5559.6410
(rg=50) + 247.537 (Employed- + 938.696 +494.511
Onlooker-SR/rg)
806 -6961.81388 - -5523.45991 -6961.81388 -6961.81388 - -
6827.40219  +1223.779  (Employed- 0 7661.00942 6344.10005
(rg=50) SR/Onlooker-SR) +1063.805
g07 24.3062091 24.3659 24.5919 24.620 24.620 24.343841  24.513237
(rg=50) + 0.194 (Employed- + 92.996 + 0.190
Onlooker-SR)
£08 0.095825 0.095825 0.095799 0.095825 0.095825 0.095825 0.095825
(rg=20) +0 (Tiim yontemler) +0 + 0
£09 680.6300573  680.633721 680.648 680.655 680.755 680.633 680.641
(rg=20) + 0.009 (Employed-SR/rg) + 0.064 + 0.004
g10 7049.25 2128.763 8098.9257 7062.924 10620.716 2100 11091.6829
(rg=20) +7409.291 (Employed- +3942.388 + 6517.06
Onlooker-SR/rg)
g110.75 0.749 0.749 0.750 0.750 0.749 0.750
(rg=20.50) + 0.0004 (Employed-SR) +0 + 0.006
gl21 1.000 (Tim  1.000+0 1.000 (Tim 1.000 + 0 1.000 1.000 + 0
yontemler) yontemler)
£13 0.0539498 0.05611 0.45962 0.06732 0.69821 0.05730 0.59645
(rg=1) + 0.386 (Onlooker -SR) +0.271 + 0.365

Bu ¢alismada sinirlamali optimizasyon problemlerini ¢6zmek amaciyla ti¢ yontem (PEN-ABC, SR-ABC ve DEB-SR-
ABC) onerilmistir. Standart ABC algoritmasina sinirlama ele alis metotlarinin entegre edilmesiyle gelistirilen bu
yontemlerin 13 test problemi tlizerindeki performansi incelenmistir. Problem bazinda en iyi sonucu bulan
yontem/yontemler belirlenmistir. PEN-ABC algoritmasinda farkl 7, parametrelerinin sonuca etkisi incelenmis
ve 1, parametresinin artmasiyla genel olarak sonucun daha iyilestigi gortlmiistiir. Stokastik beslemeli ABC
algoritmasinda (SR-ABC) stokastik yap1 ABC algoritmasinin farkli fazlarinda denenmistir ve sadece is¢i ar1 fazina
stokastik yap1 entegre edilerek (Employed-SR), sadece gozcii ar1 fazina stokastik yapi entegre edilerek
(Onlokker-SR), hem is¢i ar1 hem de gozcii ar1 fazlarina stokastik yapi entegre edildiginde (Employed-onlooker-
SR) ve ihlal degerleri amag¢ fonksiyonuna dahil edildiginde (Employed-Onlooker-SR/rg) daha iyi sonu¢ alindigi
gorilmiistiir. DEB-SR-ABC algoritmasinda, Deb’in kurallarim1 kullanan ABC algoritmasina ek olarak stokastik
yap1 entegre edilerek popiilasyona g¢esitlilik katilmasi amaglanmis ancak stokastik yapinin entegre edilmesiyle
bazi problemlerde daha iyi sonug¢ alinsa da genel itibariyle Deb’in kurallarim1 kullanan ABC kadar basarili
olamamigtir. Bu da kasif ar1 biriminin yeterince farkhilik kattigi sonucuna gétiirmiistiir. Onerilen yéntemler
literatiirdeki diger optimizasyon algoritmalariyla, literatiirde siklikla kullanilan 13 test problemi tizerinden
karsilastirlmistir. Yapilan istatistiksel sonuglar incelendiginde diger algoritmalar ile benzer performans
gosterdigi soylenebilir.
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Keywords Abstract: The goal of this study is to introduce the modified jackknifed ridge
Jackknifed ridge predictors, prediction method in the linear mixed models. Then, the matrix mean square error
Linear mixed models, (MMSE) comparisons are done. Finally, a real data analysis is given to observe the

MOdiﬁed jé}Ckknifed behavior of the modified jackknifed ridge predictors.
ridge predictors,

Multicollinearity.

Lineer Karma Modellerde Modified Jackknifed Ridge On Tahmin Edicilerin Hata
Kareler Ortalamasi Performansi

Anahtar Kelimeler Ozet: Bu calismanin amac, lineer karma modellerde modified jackknifed ridge 6n
]a;c.k!imfed ridge 6n tahmin tahmin metodunu tanimlamaktir. Daha sonra, matris hata kare ortalamasina
ediciler,

(MMSE) gore karsilastirmalar yapmaktir. Son olarak, modified jackknifed ridge 6n
tahmin edicilerin davranislarini gézlemlemek amaciyla gercek bir veri analizi
calismasi verilmistir.

Lineer karma modeller,
Modified jackknifed ridge 6n
tahmin ediciler,

Coklu ig iliski.

*{lgili Yazar, email: ozge kuran@dicle.edu.tr
1. Introduction

Linear mixed models (see [1]; [2]) have been broadly employed for longitudinal-repeated measurements data,
clustered data and multilevel data. (see [3]; [4]; [5]; [6])-

Linear mixed models are the following form

y=Xf+Zu+e (1)
where y is an n X 1 vector of responses, X is an n X p known design matrix for the fixed effects, g isa p X 1
parameter vector of fixed effects, Z is an n X g known design matrix for the random effects, u is a g X 1 vector of
random effects and € is an n X 1 vector of random errors. It is where G, W are known positive definite (pd)

matrices. Then, var(y) = 0?H where H = ZGZ' + W.

The estimator of § and the predictor of u are derived from [7] and [8] as

f=XH'X)'X'H 'y (2)
i=GZ'H ' (y — Xp)

where f is named as the best linear unbiased estimator (BLUE) and i is named as the best linear unbiased
predictor (BLUP).

Multicollinearity is a widely occurring and potentially serious problem that can be defined as near-linear

dependence among the variable of the design matrix of the fixed effects. On account of multicollinearity, some
serious problems can be arised. For example, interpretation, in validation, and analysis of the model, like
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unreasonable sign, unstable estimates, high-standard errors, and so on. To overcome from these problems, some
procedures were advanced.

The ridge estimator which is suggested by [9] in linear regression model is the most popular one. But, since ridge
estimator may handle substantial amount of bias, [10] recommended the jackknifed estimator that had both
smaller bias and mean square error than the ridge estimator under some conditions. Jackknifed styles of ridge
estimator and some other distincts are investigated in the linear regression models; see [11], [12], [13], [14],
[15],[16], [17], [18], [19], [20], [21], [22] and [23].

[24] and [25] were suggested the ridge estimator and predictor as

Bl = (X'H™'X + kL) ' X'H "y 3)
a(k) = GZ'H(y — XB(k))

where k > 0 is known as the biasing parameter.

Additionally, [26] defined the jackknifed ridge estimator and predictor as

B(k)
= [Ip

—2_ A
— k*(X'H'X + kI,) "1 (4)
(k) = GZ'H™ ' (y — XB (k)
where £ is the BLUE given by Eq. (2).
In this article, modified jackknifed ridge estimator and predictor are introduced in linear mixed models. And
then, our study can explain as follows. After new estimator and predictor are suggested, the matrix mean square
error (MMSE) comparisons are made in Section 2. In Section 3, the estimation of the biasing parameters are
investigated. Greenhouse gases data analysis is constructed in Section 4 and conclusions are given in Section 5.
2. Some Comparisons
In this section, before comparisons are done, the modified jackknifed ridge predictors in the linear mixed models

are introduced by using [26]. The proposed predictors are designated as the modified jackknifed ridge estimator
and the modified jackknifed ridge predictor, respectively, as

Brlle) = I, = k*(X'HTX + k1) ™| B)
am(k) = GZ’H—l(y _ Xﬁm(k))
where f (k) is the ridge estimator given by Eq. (3).

Prediction of linear combinations of 8 and u can be infered as u = L' + M'u for specific matrices L € RP* and
M € R?* (see [27]; [28]; [29] for $ = 1). Following [30], MMSE of any predictor ji = L' + M'il is given as

MMSE (@) = E((@ - )@ — w)') = Var(@) + Var(u) + Bias(@)Bias (i)' — Cov(f 1) — Cov(y, {) ©)
where Bias(jii) = E(jii — ).

[26] is obtained the predictor of u under the BLUPs and the jackknifed ridge predictors, respectively, as
A=LB+Mu=QB+MGZ'H 'y

e = LB (k) + M'u(k) = QB(k) + M'GZ'H™ 'y

and [26] also found by using Eq. (5)
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MMSE (i) = QMMSE ()Q' + 0?M'(G — GZ'H™*ZG)M
MMSE (i) = QMMSE(B(k))Q' + ¢*M'(G — GZ'H™*ZG)M
where
MMSE(B) = a2QA71Q'
MMSE (F(k)) = 02Q(A+ kl,) (A + 2k1,) A(A + 2kl ) (A + kI,) Q" + k*(A + k1) " Q'BF'Q(A + k1)~

where  there arises a pXp orthogonal matrix @ such that Q'Q=QQ =1, and
Q'X'H™'XQ = A = diag(,,"-,A,) where 1;,i = 1,---,p, are the eigenvalues of X'H™'X.

By following [26], we derive I, as i, = LB (k) + M'ii,, (k) = QB (k) + M'GZ'H 'y and so, we introduce
MMSE (fl,, ;) by using Eq. (5)

MMSE (fin ) = QMMSE (B, (k)Q' + 02M'(G — GZ'H™1ZG)M
where

MMSE (B (k) = 02Q(, — k*(A+ kl,) ) (U — k(A + kl,) ™)
X A7 (L, — k(A + kL) (@, — k2(A + kL) Q" + k2(L, + k(A + kI,) ™
—k2(A+ kL)) (A+ kL) Q'BBQ(A + kL) T (L + k(A + kL) — k2(A + k1))

and then, with the help of [26], it can be seen that the superiority of MMSE (ii,,, ) over MMSE (1) and MMSE (fiy,)
is equipollent to the superiority of MMSE (ﬁm(k)) over MMSE([?) and MMSE (ﬁ(k)).

2.1. The MMSE comparisons

Theorem 2.1. 3,,,(k) overhelms £ in the sense of the MMSE sense iff

B (02H + k2(A+ kL) ' BB/(A+ kL) HEHTI <1

is satisfied with £ = k(L, + k(A + kI,) " —k2(A + kL) )(A + kI,) " and H = Var () — Var (B, (k).
Theorem 2.2. f,,(k) overhelms (k) in the sense of the MMSE sense iff

B/(L™(02F + k*(A + kI,) " BB(A + k) HETHTB <1

is satisfied with T = Var (E(k)) —Var(B, (k).

To see the proof of Theorems 2.1 and 2.2, [17] can be investigated under linear mixed models.

3. Estimators of Biasing Parameters

Three methods of the selection of k that are used in ridge regression to the modified jackknifed ridge predictors
are generalized in this part.

Firstly, [9] recommended estimator of k. Then, [25] extended to the linear mixed models estimator of k as
~ P&

2 ~ ~ ~
k, = —where 62 = (y — XB)'H (y — XB)/(n — p) and we use kj, as the first estimator of k.

a'a

p&?

22 a7
S@?/[1+ |144,GHN

Secondly, by following [16], the second estimator of k is taken as k" = where 4;'s are the

eigenvalues of X' H1X.
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Concisely, with the help of [31], the third estimator of k is used as k;;, = ;);QZ.

4. A Real Data Analysis

Gases that trap radiation and make the planet softer in the atmosphere are called greenhouse gases. (see the
offical United States Environmental Protection Agency (EPA) website [32]).

The transportation segment is the greatest component of greenhouse gas emissions and transportation gas
emissions are produced from burning fossil fuel for cars, light/heavy trucks-buses, motorcycles and railways
(see EPA website [32]).

We describe the response (y) as 297 fuel combustion in transport (in million tonnes) that is randomly taken
from 27 zones throughout 2006-2016 inclusive years. Then, the explanatory variables are taken as fuel
combustions in cars (x;), light duty trucks (x,), heavy duty trucks-buses (x3), motorcycles (x,) and railways (xs)
that are declared as fixed effects and because the 27 zones are randomly taken from the zones, the zones factor
effect on the response is declared as random effect. Hence, the random intercept and slope model (RISM) is
expressed as

Yij = BiXijs + BaXijz + BaXijz + PaXija + BsXijs + uy + upty; +&5,0 = 1,027 j=1,--,11

where y;; indicates the ith observation of the jth zone of the response, x;;; indicates the ith observation of the
Jjth zone of the explanatory variable x;, s = 1,---,5 and t;; demonstrates time corresponding to y;; (see [26]).

With the help of Matlab R2014a, unstructured (UN), diagonal (UN(1)), compound symmetry (CS) and variance
components (VC) models are handled. Then, by utilizing the Akaike's Information Criterion (AIC) and Bayesian
Information Criterion (BIC), the selection among models is performed and the estimation of the covariance
matrices are computed by maximum likelihood (ML) or restricted maximum likelihood (REML) methods.

The consequences are attached by Table 1 and by examining Table 1, we favour UN(1) model in BIC and ML
approaches (see for the details [26]; [33]). Then, we estimate UN(1) variance-covariance matrices as

G =07 o075s]

and W,,, = 0.254511,4,. Hence, by using H = ZGZ’' + W, H,,, is found.

The eigenvalues of the matrix X'H;;}X are figured outas A; = 1.4326 x 10%7, 1, = 1.5085 x 10*4, 1; = 4.7251 x
10%3, A, = 247.7243 and A5 = 41.5100. Hence, the condition number is computed as % = 345120 that is

min
larger 1000, it shows severe multicollinearity.

k, = 0.9324, k" = 15.1795 and k;;, = 7.2215 x 1077 are derived by following Section 3.

With the help of Table 2, we see respectively, the parameter estimators, predictors, the scalar mean square error
(SMSE) values of fixed effects.

Table 2 indicates that the situation of the estimators based on in accordance with the biasing parameter used.
For kj, jackknifed ridge estimator, the blue and modified jackknifed ridge estimator; for k", blue, jackknifed
ridge estimator and modified jackknifed estimator; for k,;,, modified jackknifed ridge estimator, jackknifed ridge
estimator and blue have the minimum SMSE values.
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Figures 1 and 2 are produced for other k values. The plots of the SMSE (B(k)), SMSE (8,,(k)) and SMSE(B)
versus k intervals (0,20) and (0,1) are presented by Figures 1 and 2, respectively. Under SMSE, Figures 1 and 2
indicate that f3,,,(k) has smaller SMSE values than $(k) and f3 for k values in the interval (0,0.734). We see that
the difference between SMSE (f(k)) and SMSE(f) values increases as k values increase. On the other hand, we
say that §(k) overhelms f,, (k) and B when k values are larger than 0.734.

2.5
5 = m m Jackknifed Ridge Estimator
T BLUE
vooonn Madified Jackknifed Ridge Estimator
w 1.5
7]
@
1L
0.5F
0 L
0 2 1 =] 8 10 12 14 16 18 20
k
Figure 1. Flots of .‘:'."U.‘:'l'.f_;[kl]. SMSE( };‘.IL':\ and t-‘:li“-‘!:'[ﬁ'l values versus k (Greenhouse Gases Data).
0.15
0.1495 == == Jackknifed Ridge Estimator
BLUE
o.1as | o0 Modifled Jackknifed Ridge Estimator|
0.1485
W o.148
5 01475
O B——————————————————————————————————————————
0.14685 |
0148 -
0-1455 o.1 0.2 0.2 a4 0.5 0.6 0.7 a.s 0.9
k
Figure 2. Plots of .‘:'."U.‘:'l'.f_;(kl]. SMSE( };‘.IL':_\ and t-‘:li“-‘!:'[ﬁ'l values versus k (Greenhouse Gases Data).

Theorem 2.1 condition is figured out as 14.4426 < 1 for kj, hence £ has smaller MMSE values Em(fch). Theorem
2.1 condition is figured out as 182.3097 < 1 for k", so f has smaller MMSE values than Em(fch). For k.
Theorem 2.1 condition is calculated as 1.1424 x 1075, since it is smaller than 1, (k. ) has smaller MMSE
values than .

Theorem 2.2 condition is calculated as 5.2938 for kj; 1.0530 x 10*3 for k", hence E(i&h) and E(Eh) have smaller
MMSE values than f,,(k,) and §,,(k"). For k., Theorem 2.2 condition is found as 3.2170 x 1072 which is
smaller than 1, so Em(ELW) has a good performance than than B(kLW) under MMSE criterion.

For suitable k values, it is seen that 3,,(k) has a good performance (that is, 5,,(k) has small MMSE and SMSE
values) than £ and B (k).

4. Conclusions
In this article, the modified jackknifed ridge way is recommended in the linear mixed models. Then, the MMSE
comparisons and several different methods for k are given. Finally, greenhouse gases data analysis is done to

demonstrate theoretical findings.

When the appropriate biasing parameter is used, this study is confirmed that the modified jackknifed ridge way
guarantees smaller MSE than the jackknifed ridge way under multicollinearity.
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Keywords Abstract: Flow patterns for incompressible, steady flows in a Z-shaped domain

Z-shaped cavity, with two lids moving in the same direction are determined by using the numerical

gl.‘;w St?‘cmre' method and nonlinear dynamical systems. The cavity type flow problem governed
1rurcations,

by the Stokes equation contains many different flow structures within the region

e as the heights of the cavity (4, and 4, ) varied. By examining the transformation of

Vortex formation
these structures, vortex formation scenarios within the cavity are obtained.

Z-Sekilli Kavitideki Akis Desenleri ve Catallanmalar

Anahtar Kelimeler 0z: iki kapag ayn1 yonde hareket eden Z-sekilli bolgedeki sikistirllamaz, duragan
Z-sekilli kaviti, akislar icin akis desenleri sayisal yontem ve lineer olmayan dinamik sistemler
Aklsﬁ’aplla?' kullanilarak belirlendi. Stokes denklemi tarafindan yonetilen kaviti tipi akis
ggfﬁ anmaiar, problemi, kavitinin (&, ve 4,) ylkseklikleri degistikce bolgede bir¢ok farkh akis
Girdap olusumu yapislt icerir. Bu yapilarin doniisimi incelenerek bolgedeki girdap olusum

senaryolari belirlendi.

*[lgili Yazar, email: ecelik@erciyes.edu.tr
1. Introduction

Many studies have been conducted on the flow transformations and the vortex formation mechanism in the
fluid-filled cavity of different geometries. Glircan[1] investigated the effect of the Reynolds number in the range
Re €[0,100] on the flow patterns and their bifurcations in a double-lid-driven cavity with free surfaces for
varying A and three values of speed ratios ($5=-1,0,1). Then, Giircan et al. [2] considered Stokes flow in a
rectangular driven cavity of depth 2A4 and width 2Z, with two stationary side walls and two lids moving in
opposite directions. They showed changes in the streamline as the cavity aspect ratio 4 and speed ratio §
varied. (S5,A4) control space diagram including several critical curves representing flow bifurcations at
degenerate critical points is constructed. In the continuation of this study, Giircan et al. [3] turned their focus to
deep cavities those with large height-to-width aspect ratios, where multiple eddies arise. Gaskell et al. [4]
investigated the flow in a half-filled annulus lying between horizontal, infinitely long concentric cylinders of radii
R, R, rotating with peripheral speeds U, U,. They used Stokes’ approximation to formulate a boundary value

problem which is solved for the stream function, ¥, as a function of radius ratio R= R /R, and speed ratio
§=U, /U,.Recently, Giircan et al,, Giircan and Bilgil [5,6] analyzed the Stokes flow in a sectorial cavity which is

governed by two physical control parameters 4 andS . Flow structures and eddy genesis mechanisms were
illustrated in detail with flow patterns and bifurcation diagram.

McQuain et al. [7] studied the flow numerically in a trapezoidal cavity (including the rectangular and triangular
cavities) with one moving wall. They investigated the effect of cavity geometry on the flow structure and showed
that streamlines are sensitive to geometric changes. McQuain et al. [7] presented efficient numerical techniques
to solve the Navier-Stokes equation inside the both equilateral and scalene triangular cavity. Erturk and Gokcol
[8] also considered 2-D steady incompressible flow inside a triangular cavity with different triangle geometries
to compare his results with those obtained earlier.

Bilgil and Giircan [9] investigated the effect of the Reynolds number on flow bifurcations and eddy genesis in a
lid-driven sectorial cavity by varying A for each §. The 2-D Navier-Stokes equations are solved by using the
finite element method to analyze the flow structures within the cavity. In addition to these geometries, an L-
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shaped cavity has been studied recently. Deliceoglu and Aydin [10] studied flow bifurcation and eddy generation
in a steady, viscous L-shaped cavity with the lids moving in opposite directions using a Galerkin finite element
method with a stabilization technique. They analyzed topological behavior near a re-entrant corner on the
boundary and showed the effect of the Reynolds number on flow bifurcations and eddy generation. In the
continuation of this study, Deliceoglu and Aydin [11] formulated the problem as a boundary value problem in the
case of Stokes flow which is solved by analytically for the same region. They assumed that the flow governs by
h and A, which are related to the heights of the region and obtained the (4,,4,) control space diagram to

demonstrate the new eddy mechanism in the cavity.

To our knowledge, there is no study on the new eddy mechanism in a Z-shaped cavity with its upper and lower
lids moving in the same direction. In this article, we assume that 4 and /4, are parameters governing the flow

and the control-space diagram is constructed which contains several bifurcation curves representing a
transformation in the flow structures by using the numerical method and theoretical framework. Thus, the flow
bifurcations and main scenarios for the new vortex formation mechanisms are obtained.

2. Material and Method

In this chapter, the boundary value problem formed for steady, viscous and incompressible flow in the two-
dimensional Z-shaped cavity will be solved (as shown in Figure 1). All walls are fixed except for the top and
bottom lids which move in the same direction at a constant speed (z =1) and they drive the internal flow. From
the no-slip boundary conditions, boundary values can be expressed in terms of velocity vector components
which allows us to obtain solutions in the form of stream function. Since the boundary conditions are not
continuous at the intersection of the fixed and translating lids, the boundary conditions are forced to smooth
transition from the sidewall to the top or bottom lids. The width of the flow region is fixed (Z=15) and the
different flow patterns and their bifurcations within the cavity are investigated by varying the two control
parameters A, and A, which are related to the height of the lower and upper part of the cavity, respectively.

©oh) ¥ =0¥ =1 (1,n)
y —>

h,

re-entrant fixed-wall
corner points

Y T e (1.5,0)
(0,0) R
fixed-wall h,
5

0.5,h, _ _1 (15h
G2l g o, =1 18N
Figure 1. Boundary conditions for the lid-driven Z-shaped cavity.
For the Z-shaped cavity, two dimensional slow viscous flow ( Re=0) will be considered. In this case, Navier-

Stokes equations are transformed to Stokes equations by neglecting inertial forces and then the solutions are
obtained by the Galerkin finite element approximations.

Governing equations in an open bounded domain Q c R* with the boundary &2 for the steady, viscous and
incompressible flow are given by

(Vu)u—%Au+Vp = f inQ,
V-u =0 inQ, (1)
u = 0 onoQ.

We will be concerned with Stokes flow in which viscous forces predominate over the inertial forces. The Navier-
Stokes equations are rewritten as the Stokes equations for incompressible Newtonian fluid flows with a low
Reynolds number by neglecting the non-linear terms in the equation (1);
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—iAu +Vp f inQ,
Re

(2)

V-u 0 inQ.

In two-dimensional cavity type flow problems, the existence of a stream function has an advantageous such that
it allows us to work with a single scalar function rather than the velocity field. Stream function can be derived
from the equations (2) by eliminating the pressure for the case Re=0. If we assume that external force (f ) is
absent, a stream function ¥(x,y) may be expressed as a unique solution of the biharmonic equation

oty oty o'w

oxt ¥ ox‘oey? ¥ oy* =Viv=0

(3)

v = constant, ov = constant.
on

2.1. Finite element methods for the problem

We can rewrite the two dimensional boundary value problem of (3) as a variational statement by Mitchell [12]: It
can be find ¥ eV = H}(<2) such that

B(¥, @) = (A ¥,AD) = [ AVADIQ =0, (4)

for all ® eV and ® e H}(2) where #7() is the class of all H? functions satisfying the boundary condition

of (3) and A is the Laplacian operator. In this study, the standard Galerkin finite element method is used to
solve the biharmonic problem. In this study, we consider Galerkin’s method for constructing an approximate
solution to the boundary value problem. In the principal of process, the approximation of the problem is
determined by choice of finite-dimensional subspace V, cV defined on a family of regular quadrangular

discretization 7, of the domain. To create the discretization of the domain, the bicubic rectangle is chosen as an

appropriate element for approximating fourth-order problems such as V¥, ,®,) €V,
B(¥,, @,)=(AV¥,,AdD,)=0.

Since the test function v, e H?, it follows that the basis function @, and its normal derivative are specified, and

they are continuous across interelement boundaries. This results in such basis function that is the two-
dimensional version of Hermite interpolation functions on a rectangular element. They are constructed by
substituting the product of a cubic equation in x by a cubicin y yielding in a collection of 16 monomials

1] 1
X x xy xy xy
‘1l : pl|x Xy Xyt Xy
Yy ry oy i=
e

X
X3

Then, the solution is attained for the unknown coefficients of these monomials after calculating their values by
using the following four quantities at each corner of the rectangle:

ov, ov, o,
" ox oy ‘exey|
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3. Results

In this chapter, the mechanism of vortex formation occurring in the Z-shaped cavity with its upper and lower lids
moving in the same direction will be examined. The flow patterns in the Z-shaped domain are obtained by

changing the parameters /4, and A, which are related to cavity heights. While the flow patterns are stable at

some values of parameter space, the pattern turns into another one by changing of the parameters. This
transformation in the structure of pattern is called bifurcation. A curve which refers to the bifurcation in
degenerate points is called the bifurcation curve, and the space formed by the bifurcation curves is called the
control space diagram. The method given in the previous section is used to create the control space diagram.

In this study, the control space diagram is obtained for —-1.8<A <-1.4and 1.4 <4, <1.8 including salient and

re-entrant corners, see Figure 2. Outside of this range, the flow structures and their bifurcations are the same as
the rectangular cavity, so the cavity heights are limited at these intervals.

1,80 1T

1,75 -

1,709 2o 28=28"°

1,65 -

1,60 -

1,55 -

1,50 -

1,45

// i .
ALrs L BM; .~ SE°
; g
,

’ e -’

1 ,40 L] - l 'l l L] 'l L] /l L} I L] I L] I L} >h1

-1,80 -1,75 -1,70 -1,65 -1,60 -1,55 -1,50 -1,45 -1,40
Figure 2. The control space diagram for the Z-shaped cavity. The parameter space (/,,/,) is divided into different regions
by the bifurcation curves, and the labels in the each regions refer to the flow patterns given in Figure 3-Figure 5.

A total of 60 different flow patterns are obtained in the control space diagram, 30 for the upper cavity (see Figure
3, Figure 4, Figure 5) and 30 for the lower cavity. Although the boundary value problem for the Z-shaped cavity is
not symmetrical, it is interesting that the curves in the control space diagram are symmetrical about y = -x, as
shown in Figure 2. This suggests that the vortex formation mechanism in the upper region of the Z-shaped cavity
also occurs in the lower region of the cavity for corresponding symmetrical values. For example, the flow
patterns in the upper region of the cavity which are denoted by the numbers (1), (2), (3), (4), (5) in the control
space diagram appear in the lower region of the cavity and they are denoted by (1°), (2°), (3°), (4°), (5°) in the
paramater space (see Figure 10). Therefore, the flow patterns that occur within the cavity and the different
vortex formation mechanisms are obtained only for the upper part of the cavity, and due to symmetry, similar
expressions and flow topology are also valid for the lower part of the cavity.
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Figure 3. Flow patterns which are labelled in the control space diagram:
(1) ,=-14, h,=15, (2) h=-1.47, h,=1.59, (3) h=-1.47, h,=1.65, (4) h=-1.54, h,=1.71, (5) A =-1.53, h,=1.785,
(6) h=-1.475, h,=1.5, (7) h=-1.475, h,=1.5, (8) h=-1.47, h,=1.512, (9) A =-1.467, h,=1.517, (10) i,=-1.49, h,=1.5,
(11) A=-1.5, h,=1.512, (12) A =-1.5, ,=1.525.
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b s
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Figure 4. Flow patterns which are labeled in the control space diagram (continued):
(13) A=-1.51, h,=1.54, (14) h=-1.512, h,=1.514, (15) h=-1.545, h,=1.555, (16) h,=-1.545, h,=1.57, (17) h=-1.52, h,=1.552,
(18) A,=-1.523, h,=1.562, (19) h=-1.53, h,=1.57, (20) h=-1.57, h,=1.584, (21) i=-1.545, h,=1.607, (22) h=-1.514, h,=1.644,
(23) 4=-1.578, h,=1.587, (24) h=-1.562, h,=1.612
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Figure 5. Flow patterns which are labeled in the control space diagram (continued):
(25) h=-1.536, h,=1.639, (26) h=-1.525, h,=1.65, (27) h=-1.595, h,=1.614, (28) h=-1.67, h,=1.715, (29) h=-1.69, h,=1.775,
(30) 4=-1.765, h,=1.791

3.1.Bifurcations at the degenerate critical points

It is possible to analyze the local flow topology of the critical points using the tools of dynamic systems. In this
study, the classification of critical points near a stationary wall or away from boundaries has been made by
considering the theorems given below. The normal form of stream function at a simple (with singular non-zero
Jacobian matrix) and non-simple (with zero Jacobian matrix) critical points (near the wall and away from the
boundary) is given in Theorem 1, Theorem 2, Theorem 3, respectively. Detailed studies can be found in the Brgns
and Hartnack [13], Glircan et al. [14], Hartnack [15].

Theorem 1: Let ¥ is expanded in a power series near a stationary wall

v=y'Ya x'y . (5)

i+j=0

Assuming the non-degenerate conditions 4,, 0, a,, > 0 a normal form of order 4 for the stream function (5)
is

W=y2(ay+b+%xzj (6)

where

1 for az’/ >0
30,3

-1 for al/ <0
a0,3

and b is a transformed small parameter.

O =
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Theorem 2: Let, a,,a,,, a,; and a,, be small parameters. Assuming the non-degeneracy conditions a,; == 0,

27

a,, = 0 are satisfied, then the normal form of order 5 for the stream function (5) is

W=y ot Xyt xy+x° (7)
where u,, 4, and p, are small transformed parameters.

Theorem 3: Leta,, a,,, 4,,, 4,,,and4,,, 4,, be small parameters. Assuming the non-degeneracy conditions,

a,, # 0anormal form of order 3 for the stream function is
o 1,

YV=—y'tex+—-x 8
4 3 (8)

where

-1 for ?7[ <0
a0,3

1 for a“/ >0
aO,3

and ¢ istransformed small parameters.

O =

There exits two different kinds of simple degenerate critical points close the stationary wall as a bubble creation
and bubble merging which are illustrated in Figure 6-(a) and Figure 6-(b), respectively. In the first kind, see
Figure 6-(a), there is a side eddy appearing on the wall with a center and two on-wall saddles connected by
heteroclinic trajectories. This bifurcation is represented by SE (dash) in the diagram. In the second, BM; i=1,2
(dash-dot-dash) represents bubble merging bifurcation at which two on wall saddle points coalesce to produce
an off wall saddle point, see Figure 6-(b).

- W -~
a)o =1 ‘ : : . :

moet N ) N/ . e

n<0 u=0 u>0

Figure 6. Bifurcation diagrams for the normal form of stream function (6) a)oc =1,b) o =-1.

The flow structure which appears away from boundaries having a saddle with center is named by cusp
bifurcation and denotes by CP;, i=1,...,5 curves (short-dash), see Figure 7.

c>0 c=0 c<0

Figure 7. Bifurcation diagrams for the normal form of stream function (8).

In the non-simple case, the bifurcation diagram for the fifth-order normal form equation (7) is given in Figure 8.
GB;, i=1,2 refers to global bifurcation where a separation bubble and separation line interact with an in-flow
saddle point and creates the same flow structure in the opposite direction. The flow patterns in Figure 2
correspond exactly to the patterns in Figure 8 which are labeled with the same number as those Figure 2.
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Figure 8. Local behaviour of non-simple degenerate points near a stationary wall and corresponding flow patterns.
3.2.Vortex formations in the domain

Vortex formation occurs after various flow transformations within the cavity see Figure 9, which shows all
possible eddy mechanism that increases the number of eddies from 2 to 4.

30- 2‘9‘
28‘ ~ 4 P
\ } /
24 22— //
e
/ \\\ 4
23‘/ 20\21'/
15 - I
4 i \ [
14 1
| /
10— 111213 |
‘ /
//
o 4
. ////
¥

Figure 9. Schematic representation of the flow pattern numbers in Figure 2 for the vortex formation in the Z-shaped cavity.
Directed arrows from 1 to 30 illustrate all possible eddy mechanism which form from 2 to 4 eddies.
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Two basic bifurcation scenarios are observed for the vortex formation in the Z-shaped cavity. We will describe
them in details. The first scenario occurs if there is a separation line around the re-entrant corner. As shown in
Figure 10-(1), there are two primary vortices and two corner vortices in the Z-shaped cavity, one in the upper
and the other one in the lower cavity. The separation line appears around the corner between the upper and
lower cavity. As 4, increases, a side eddy (separation bubble) appears along the right side wall in the upper part

of the cavity (Figure 10-(2)). As 4, gradually increases, the left corner vortex grows and approaches the re-

entrant corner point. Then a pitchfork bifurcation occurs between the corner point, and the separation bubble
located on the right wall and a saddle point emerge (Figure 10-(3)). With a further increase in height, the

separation bubble on the wall with a corner vortex is approaching the saddle point, and when the A, height is
above the BM, bifurcation curve, heteroclinic (saddle-to-saddle) connection merges (Figure 10-(4)). When the
height of the A, is above the CP4 curve, the two center points coalesce at the saddle point to produce the second

vortex in the upper part of the cavity (Figure 10-(5)). Also, the separation line separating the cavity near the
corner is transformed into a vortex that separates the lower and upper parts of the cavity. As stated earlier, the
number of vortices reaches two after a similar set of bifurcations for the lower part of the cavity.

N e

= R A e ]
NI 72N I AN B 2N B e
2 3 4 5

1

(@)

CP;
e

|@H\M @m|v|gs,|U|
, N 2 =,

AR AR =
7 77N\ 27N TN
1S 25 35 45 55

(b)

Figure 10. (a) A section of bifurcation diagram for the mechanism of vortex formation (b) symmetric case.

The second scenario for the formation of a vortex is observed when there is a separation bubble around the
corner, as shown in Figure 11-(21). There are also two cases for the separation bubble to evolve into vortex
formation that occurs around the corner. In the first case, the side eddy on the upper right wall and the
separation bubble formed at the re-entrant corner approach to the saddle point in the cavity and merge each
other to create a new separatrix and two other separation lines from the one sidewall to the opposite wall. Thus
the saddle point replaced the structure called separatrix (Figure 11- (24)). Here if you continue to follow the
arrows, there are again two cases. Separatrix formed on the right corner either turn into a center by the
coalescence of the sub-eddies in the saddle point (Figure 11-(27)) or will bring heteroclinic bifurcation by
getting closer to the left corner vortex (Figure 11-(25)). In the second, the separation bubble becomes closer to
the left corner vortex and forms the separatrix structure (see Figure 11-(22)). This separatrix will either create a
heteroclinic bifurcation at the saddle point with a side eddy on the wall (Figure 11-(26)) or turn into a full vortex
and perform a series of bifurcations in the first scenario (Figure 11-(3)). After these four different structural
bifurcations, one primary vortex and separatrix appear at the upper part of the cavity (Figure 11-(4)). When the
height 4, is increased, the two sub-eddies contained in the separatrix structure will join together at the saddle

point to produce a second vortex (Figure 11-(5)). Thus, at the end of the two scenarios, the number of vortices in
the upper of the Z-shaped cavity is doubled. The effect of the separation line or separation bubble that occurred
around the corner to these bifurcations is presented.
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Figure 11. A section of bifurcation diagram for the mechanism of vortex formation.

4. Conclusion

In this paper, we obtained the flow patterns occurring in the domain and found out the mechanism of eddy
generation in the Z-shaped cavity with lids moving in the same direction. We constructed the (4,,4,) parameter
space with a series of bifurcation curves for -1.8 < 4 <-1.4 and1.4 < 4, <1.8. The flow patterns in the upper

part for a specific value of heights were observed surprisingly in the lower part for the symmetrical values of
parameter about the J =-x. Several flow transformations to increase the number of vortices in the upper

cavity from one to two are shown schematically.
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0z: Barut agaci kabugu (BAK) ¢ogunlukla bagirsak florasinin diizenlenmesinde,
kesik ve yaralarda tonik olarak geleneksel tipta ve eczacilikta sikca kullanilan
dogal bir bitkisel kaynaktir ve son yillarda yapilan arastirmalarda anti-kanserojen,
anti-oksidan, anti-bakteriyel gibi bircok 6zelliklerinin de oldugu tespit edilmistir.
Bu ¢alismada, BAK'in dogal bir boyarmadde kaynagi olup olamayacagini test etmek
icin en 6nemli tekstil malzemelerinden biri olan pamuklu ve yilinli kumaslarin
boyama ozellikleri arastirilmistir. Boyama islemleri hem mordansiz (metal tuzu
kullanilmadan) hem de 4 farklh metal tuzu (KAI(SO4)2.12H,0, CuS04.5H0,
FeS04.7H;0, K»Cr;07) kullanilarak gerceklestirilmistir. Boyamalar laboratuvar
sartlarinda HT makinada 100°C’de 60 dakika siireyle gerceklestirilmistir. Mordanl
yapilan ¢alismalarda birlikte mordanlama yontemi kullanilmistir. Boyamalardan
sonra elde edilen numunelere yikama, siirtme, ter ve 1s1k hashk testleri
uygulanmistir. CIE L*a*b* ve K/S degerleri Konica Minolta 3600d
spektrofotometresi kullanilarak ol¢iilmiistiir. BAK'a ait ¢6zeltinin UV goriiniir
bolge spektrumu VWR spektrofotometre 3100PC ve FTIR spektrumu ise Perkin
Elmer 400 spektrometresi kullanilarak tespit edilmistir. Boyama renk verimleri ve
diger test sonuglari birlikte degerlendirildiginde Barut agaci kabugunun seliilozik
ve protein esasli tekstil materyallerini renklendirebilecegi tespit edilmis olup bu
bitkisel kaynagin dogal bir boyarmadde kaynag olarak kullanilabilecegi
ongorilmektedir.

The Dyeing Properties of Frangula Bark (Rhamnus Frangula L.) On the Some Textile

Materials

Keywords
Frangula Bark,
Rhamnus Frangula,
Emodin,
Anthraquinone,
Dyeing

Abstract: Frangula bark is a natural herbal resource commonly used in traditional
medicine as a tonic for the regulation of intestinal flora, cuts and wounds, and it
has been found that anti-carcinogen, anti-oxidant and anti-bacterial properties
have been used in recent years. This study was conducted on the dyeing properties
of cotton and wool fabrics which are the most used textile materials of Frangula
bark as a source of natural dyestuff. The dyeing processes were carried out both
without mordant and using 4 different metal salts (KA1(SO4)2.12H,0, CuS04.5H:0,
FeS0..7H;0, K2Cr207). The dyeing was carried out on HT machine at 100°C for 60
minutes under laboratory conditions. Simultaneously mordanting method was
used in the studies using mordant agents. After dyeing, washing, rubbing,
perspiration and light fastness tests were applied to the samples obtained. CIE
L*a*b* and K/S values were collected using Konica Minolta 3600d
spectrophotometer. The UV visible region spectrum of BAK solutions was
determined by VWR spectrophotometer 3100PC and FTIR spectrum by Perkin
Elmer 400 spectrometer. The dyeing and other test results, it is predicted that
Frangula bark can color cellulosic and protein-based textile materials and this
plant source could be a natural source of dyes.

*{lgili Yazar, email: hbenli@erciyes.edu.tr

1. Giris

Dogal boyalar yaygin olarak tekstil, gida, ila¢g ve kozmetik sanayinde kullanim alani bulmus olup, ayn1 zamanda
az miktarda da olsa kagit, deri, ayakkabi parlatma, aga¢, mum, bambu gibi maddelerin de renklendirilmesinde
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kullanilmaktadir. 1856 yilinda William Henry Perkin tarafindan mauvein'nin sentezi ve bdylece sentetik
boyarmaddelerin ticarilesmesiyle birlikte dogal boyarmaddelerin kullanilmalar1 azalmistir [1].

Tekstil isletmelerinin 6zellikle boya terbiye boliimlerinde ¢ok miktarda kimyasal esasly, insan viicuduna zararli,
alerjik ve toksik atiklari olan sentetik boyarmaddeler kullanilmaktadir. Sentetik boyarmaddeler c¢ok iyi
performans gostermelerine ragmen, son yilarda ¢cok sayida ¢alismada bu boyarmaddelere alternatif olabilecek
genis uygulama alani olan, ¢evre dostu, antialerjik, toksik olmayan boyarmaddeler [2] ile tekstil materyallerinin
renklendirilmesi ¢abalarina rastlamak miimkiindiir. Bu c¢abalardan biri belki de en Onemlisi sentetik
boyarmaddelerin yayginlasmasiyla birlikte 6nemlerini kaybeden dogal boyarmaddelerin yeniden giin yiiziine
¢ikartilmasi ve yayginlastirilmasi ¢abalaridir. Halihazirda bilinen dogal boyarmaddeler bitkisel, hayvansal ve
mineral [3] esashi olup bunlardan en ¢ok tercih edilen boyarmadde grubu ise bitkisel kokenli [4] dogal
boyarmaddelerdir. Giiniimiizde bilinen ¢ok sayida bitkisel esasli boyarmadde vardir. Genellikle bitkilerin kok,
sap, dal, yaprak, kabuk, cicek, cekirdek, meyve gibi ¢ok farkli bolgelerinden yararlanilmaktadir [5, 6]. Bitkilerde
yaygin olarak bulunan ve ikincil metabolizma iiriinii olarak ifade edilen fenolik bilesikler; fenolik asitler ve
flavonoidler olmak iizere iki ana gruba ayrilirlar [7]. Bu yapilardan en 6nemli olani antosiyanin olarak da bilinen
flavonoidler olup bu yapilarin bitkilerin renkleri ile iliskili ve sorumlu olduklari ve 6zellikle de bir¢ok bitkideki
kirmizi, mavi ve mor renklerin iiretilmesinden sorumlu olduklar1 bildirilmistir. Bitkiler bulunduklar1 ¢evrede
don, kuraklik, fungal/mikrobiyal faaliyetler ve en Onemlisi de UV radyasyon gibi dis etkenlere maruz
kalmaktadirlar. Bitkiler, bu tiir dis etkenlere karsi kendilerini korumak icin biinyelerinde flavonoidleri
iretmektedir [8]. Bu nedenle, bitkisel esasli dogal boyarmadde kaynaklarinin son yilarda tekstil maddelerini
boyayabilme kabiliyetlerinin [9-13] yani sira antimikrobiyal [14-18], antioksidan [19], antiviral [20], UV
koruyuculuk [21, 22] gibi bir¢ok 6zelliginin de kesfedilmesiyle birlikte dogal boyarmaddeler kullanilarak tekstil
materyali sadece renklendirilmekle kalmamis ayni zamanda yukarida sayilan 6zelliklerin de aktarilmasiyla
birlikte tekstil yiizeyine arti bir katma deger kazandirilmistir. Bu baglamda son zamanlarda yapilan
arastirmalara verilebilecek bazi érnekler sunlardir. Meyan kokii (Glycyrrhiza glabra L.) bitkisi [23], Ebeglimeci
bitkisi [24], Altin otu (Helichrysum Arenarium) [25] gibi bitkisel kaynaklar kullanilarak yiinlii kumaslarin
renklendirilebilecegi bildiren yenilik¢i yaklasimlarla ilgili aragtirmalara siklikla rastlamak miimkiindiir.

Bu c¢alismada ise, daha ¢ok tibbi 6zellikleri 6n plana ¢ikmis olan Barut agaci kabuklarinin (BAK) (Sekil 1 (a))
boyama o6zellikleri arastirilmistir. Geleneksel tipta ¢ok kullanilan Rhamnus fangula L. olarak da bilinen Barut
agact kabuklarinda ¢ok miktarda Emodin (Sekil 1 (b)) [26-33] adi verilen antrakinon esasli aromatik
hidrokarbon ve benzeri yapilar (chrysophanol, physcione) bulunmaktadir. Antrakinonlar dogada hem serbest
hem de glikozitleri seklinde yaygin olarak bulunabilmektedir [27]. Antrakinonlar, baz1 dogal kaynaklarda bol
miktarda bulunan bir bilesik olup 6zellikle bakteri, mantar, bitki ve bazi hayvanlarda goériilmektedir. Bitkiler
sinifinda yaklasik 200 farklh bilesigin oldugu ve bunlarin bitkilerin koéklerinde, ciceklerinde ve meyvelerinde
bulunduklari bildirilmistir [30]. Dogal antrakinonlar 1,3,8-trihidroksi-6-metilanthrakinonun tiirevleri olup ayni
zamanda dogal fenolik bilesikler grubunun da bir iiyesidir [31]. Polifenolik gruplardan biri olan Antrakinonlari
iceren bitki oziitleri, genis terapotik ve farmakolojik etkileri nedeniyle gida, kozmetik ve farmasétikler igin
giderek daha fazla alanda kullanilmaktadir ve cesitli hastaliklara (6zellikle kardiyovaskiiler ve kanser) karsi
potansiyel koruyucular olarak biiyiik ilgi gormektedir [29, 34]. Miishil olarak bilinen ve ayni1 zamanda katartik,
depuratif ve idrar soktiiriicii aktiviteye sahip olan bitkinin bazi mantarlara karsida antifungal bir etki gosterdigi
bildirilmistir [28]. BAK'in yapisinda bulunan Emodin’in antiviral [35], antimikrobiyal, antifungal [36, 28],
antiditiretik [37, 38], anti-kanserojen [30, 39-43], gibi gii¢lii biyolojik etkilere sahip olduklar1 ve ayni zamanda
beyin hasarina karsi beyni korumada 6nemli bir rol oynadigi da ayrica bildirilmistir [29].

Yukarida da goriildiigii iizere BAK'1n geleneksel tipta ¢ok genis bir kullanim alani olabilecegine dair ¢ok sayida

¢alismaya rastlamak miimkiindiir. Bu calismada ise o6zellikle BAK'In pamuk ve yiin gibi farkli tekstil
materyallerini boyayip boyayamayacagi laboratuvar sartlarinda test edilmistir.
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OH O OH
H,C OH
O
(a (b) Emodin (1,3,8-trihidroksi-6-metilanthrakinon)

Sekil 1. Barut agaci kabugu (a) ve bilinen en dnemli kimyasal yapilardan biri olan Emodin (b)
2. Materyal ve Metot
2.1. Materyal

Bu calismada dogal boyarmadde kaynagi olarak yerel marketten temin edilen kuru formda BAK kullanilmistir.
Kabuklar kullanilmadan énce degirmende (Waring) ogiitiilerek toz haline getirilmistir. Denemelerde 250 g/m?
agirhiginda %100 dokuma pamuklu kumas, 40/1 numara pamuk iplik ve 250 g/m?2 agirliginda dokuma ytinli
kumas kullanilmistir. Dokuma kumaslar ve iplik boyanmadan énce Tablo 1'de verilen 6n terbiye islemi [44]
yapildiktan sonra boyama isleminde kullanilmistir. Calismalarda kullanilan a-amilaz, 1slatici, NaOH, Na,COs,
KAI(S04)2.12H;0, CuS04.5H,0, FeS04.7H;0, K>Cr,07 kimyasallar analitik safliktadir.

Tablo 1. Geleneksel 6n terbiye islem prosediirii

On Terbiye . . Banyo Sicaklik Siire
Materyal islemi Kimyasallar Miktar Oram pH C) (Dakika)
R a-amilaz 5g/L )
Hagil sokme Non-iyonik 1slatici 1g/L 1:20 6 60 60
Pamuk NaOH 5g/L
kumas/ Pisirme Na,COs3 2g/L 1:20 10.5-11 95 60
iplik Non-iyonik 1slatici 5ml/L
H20; (%35) 5ml/L
Agartma NaOH 1gr/L 1:20 9-10.5 95 60
Stabilizator 1 ml/L
Yin . .
Yikama Non-iyonik 1slatici 1g/L 1:20 6-7 50 10
kumas
2.2. Metot

Boyanacak tekstil yiizeylerini boyamaya hazir hale getirmek icin boyama islemlerine gecilmeden once
numunelere Tablo 1'de gosterilen on terbiye islemleri uygulanmistir. Dokuma pamuklu kumasin yapisinda
bulunan hasil maddesinin uzaklastirilmasi i¢in hasil sékme islemi yapildiktan sonra iyot/potasyum iyodir
cozeltisi kullanilarak hasil sokiilme orani test edilmistir. Nisasta maddesinin iyot ¢ozeltisi ile yapmis oldugu
reaksiyon sonucu ortaya ¢ikan sonug icin Tegewa violet skalas1 kullanilarak degerlendirme yapilmistir. Ayni
zamanda pamuklu kumaslar i¢in 6énemli olan ve pamugun dogasindan gelen yaglari, vakslar1 vb. yapilar
uzaklastirmak i¢in yapilan pisirme isleminin sonunda kumasin sahip oldugu su emme yetenegini test etmek icin
dikey hidrofilite testi uygulanmistir [45]. Ayrica, agartma sonrasinda ise kumaslarin ulasmis oldugu beyazlik
derecesi Konica Minolta 3600d Model spektrofotometrede Stensby formiilii kullanilarak hesaplanmistir. Pamuk
iplik icin Tablo 1’de gosterilen agartma islemi ve yiinli kumas i¢in ise yikama islemleri gergeklestirilmistir.
islemler sonunda iplik ve kumas numuneleri oda sicakhginda kurutulmugtur.
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2.2.1. Birlikte Mordanlama Yéntemi

Bu calismada birlikte mordanlama ydntemi kullanilmistir. Bu yontemde boyarmadde kaynagi, boyanacak
materyal ve kullanilacak metal tuzu birlikte ayni banyo icinde isleme tabi tutulmaktadir. Mordan maddeleri
boyanacak materyal agirligl iizerinden sap i¢in %20 digerleri icin ise %3 konsantrasyonda KAI(SO04)2.12H:0,
CuS04.5H;0, FeS04.7H,0 ve K,Cr;07 [2, 6] olacak sekilde kullanilmistir.

2.2.2. Boyama Yontemi

Boyama denemeleri hem mordan maddesi kullanilmadan hem de 4 farkli mordan maddesi [5] kullanilarak
yapilmistir. Krom ve bakir tuzu gibi bazi metal tuzlarinin kullanilmasi pek 6nerilmese de ¢alismanin biitiinsel
olarak bu tiir metaller ile nasil bir renk elde edilebileceginin goriilmesi acisindan ilgili tuzlarla ¢alismalar
yapilmistir. Calismalarda birlikte mordanlama yontemi kullanildig1 i¢in ayni boyama banyosunda boyanacak
materyal, metal tuzu ve boyarmadde kaynagi birlikte kullanilmistir. Tiim boyama denemelerinde kullanilan
boyarmadde kaynagi miktar1 boyanacak materyalin agirligina esit olacak sekilde ayarlanmistir. Yani 1:1
(materyal/BAK) olacak sekilde denemeler planlanmis ve uygulanmistir. Yapilan denemeler i¢in 6zet sablon Sekil
2’de sunulmustur. Tim boyama denemeleri laboratuvar tipi HT boyama makinasinda gergeklestirilmistir.
Boyama islemlerinde flotte oran 1/40 olarak hesaplanmistir. Boyamaya oda sicakliginda baslanmis olup, 1,5
°C/dk 1sitma hizi ile 100°C’ye ulasildiktan sonra bu sicaklikta 1 saat boyama islemine devam edilmis ve sonra
banyo bosaltilarak yikama/durulama islemine gecilmistir. Tasmali yikama-ilik yikama-sabunlu yikama
(100°C’de 1 g/1t non-iyonik yikama maddesi)-sicak yikama-soguk yikama-kurutma adimlari ile yikama islemleri
sona erdirilmistir.

|

KAI(SO,),.121L,0 CuS0,.51,0 FeSO,.7IL,0 KCr,0, Mordansiz

Renk Hashk
Testleri

Boy  ——

Sekil 2. Tiim denemeler i¢in hazirlanmis sematik deney plani
2.2.3. CIE L*a*b* Renk 6l¢iimleri

Boyanmis tiim denemelerin CIE L*a*b* degerleri Konica Minolta 3600d Model spektrofotometre L* a* b* C* ve
h° D65/10° 151k kaynaginda hesaplanmistir. K/S renk degerleri ise Kubelka-Munk denklemine (Denk.1) gore
hesaplanmistir [46]. Elde edilen sonuglar Tablo 2’de sunulmustur.

K/S=(1-R)2/2R (1)
Burada; K: absorbsiyon katsayisi; S: sacilma katsayisi; Rireflektans dir. CIE L*a*b* renk uzayinda, L* agiklik ve
koyulugu; yani L*=100 ise miikemmel beyazligi, L*=0 ise miikemmel siyahlig1 ifade eder. a*>0 ise kirmizilik, a*<0
ise yesillik; b*>0 ise sarilik ve b*<0 olmasi durumunda ise mavilik s6z konusudur. Kirmizidan sariya dogru artis
gosteren donme acis1 “h®” (derece cinsinden), rengin bir 6l¢iistidir.

2.2.4. Renk Haslik Testleri

Tim boyanmis renkli numuneler icin 151k Haslig1 [47], Yikama Hashigi [48], Siirtme Haslig1 [49] ve Ter Hasligi
[50] test edilmistir. Elde edilen sonuglar Tablo 3’de sunulmustur.
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2.2.4. UV-Vis Spektrofotometrik ol¢iimleri

BAK’dan elde edilen sulu boyarmadde ¢6zeltisi UV-3100PC spektrofotometri (VWR) cihazi ile UV-goriintr bolge
spektrumu 200-800 nm (1 nm step) araliginda tespit edildi. Elde edilen sonuglar Sekil 5’de sunulmustur.

2.2.5. FTIR él¢iimleri

Boyarmadde kaynagi olarak kullanilan BAK'1n FTIR verileri Perkin Elmer 400 FT-IR spektrometre kullanilarak
tespit edilmistir. Elde edilen sonuglar Sekil 6’de sunulmustur.

3. Bulgular

Seliilloz esasli pamuklu kumaslar biinyesinde c¢ok fazla miktarda yabanci madde icerir. Bunlarin uygun
yontemlerle uzaklastirilmasi gerekmektedir. Bu calismada da 6zellikle pamuklu kumaslara hasil s6kme, pisirme
ve agartma prosesleri uygulanarak homojen bir boyama yiizeyi elde edilmeye ¢alisilmistir. Tablo 1’de sunulan 6n
terbiye islemlerinin ilki hasil s6kmedir. Geleneksel Amilaz enzimi kullanilarak dokuma kumasta bulunan nisasta
esash hasil maddeleri uzaklastirlmistir. islem sonunda sokiilen hasil miktar1 daha énceden hazirlanmis 12/KI
¢ozeltisi kumas iizerine damlatilarak meydana gelen renk degisiminin Tegewa violet (1-9) skalasindaki sayisal
degeri tespit edilmistir. Islem sonunda elde edilen deger 5 dir. Yine hasil sékme islemi ile kumasta meydana
gelen hidrofilite degeri ise 7 (mm/90 saniye) olarak tespit edilmistir. Ayrica, kumasta meydana gelen beyazlik
degisimini ise 53,5 (Stensby) oldugu gorilmiistiir. Diger bir islem olan pisirme ile kumasta meydana gelen hasil
sokiilme, hidrofilite ve beyazlik degisimleri sirasiyla 6, 18 ve 58 olarak tespit edilmistir. Ve son olarak agartma
islemi ile birlikte kumasta meydana gelen hasil sokiilme, hidrofilite ve beyazlik degisimleri sirasiyla 8, 23 ve
79,88 degerlerine ulagsmistir. Boyanacak pamuklu bir dokuma kumas icin elde edilen bu degerler kabul edilebilir
sinirlar dahilinde bulunmaktadir. Benzer sonuglar dnceki ¢alismamizda da elde edilmistir [44]. Pamuklu iplik
icin yalnizca pisirme ve agartma islemleri uygulanmistir. Pisirme ve agartma islemleri sonunda beyazlik derecesi
55,5 ve 76,89 (Stensby), hidrofilite degeri ise 17 ve 25 (mm/90 saniye) olarak tespit edilmistir. Ayrica, yiinlii
dokuma kumas sadece yikanmak suretiyle boyama islemine hazir hale gelmislerdir. Bu ¢alismada boyarmadde
kaynagi olarak kullanilan BAK'1n yapisinda bulunan en énemli kimyasal yapilardan biri olan Emodin’in (Sekil 1
(b)) mordan maddesi ile yapmis oldugu kompleks bilesik Sekil 3’de sunulmustur.

OH
0O
OH
CHj; O
(0]

O l Men+

Birlikte Mordanlama

NH Y H wuw‘/ NH
) COO
Yiin Kumas CH3 OH Birlikte Mordanlama ve Boyama

(@)

Emodin

ZT

Sekil 3. Protein esasl tekstil materyali icin birlikte mordanlama ve boyama mekanizmasi

Birlikte mordanlama esasina gore yapilan islem de esasen metal tuzu, boyarmadde kaynagi ve yiiniin aktif
boélgeleri karmasik bir iligki icerisinde bulunarak, 1sinin da etkisiyle boyama islemi gerceklesmektedir. Benzer bir
karmasik yapilar zinciri Sekil 4’de gosterildigi gibi seliiloz ile de gergeklesmektedir. Genellikle boyarmadde ve
materyal arasindaki bu baglar H kopriileri tizerinden gergeklestigi bildirilmektedir [51].
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OH
O
OH
o

M n+
CHzO OH,C CHzO OH,C
Birlikte Mordanlama o
HO / 0w O / OH___ S 0wV /
Seliiloz OOO
CH3 OH Birlikte Mordanlama ve Boyama
O
Emodin

SekKil 4. Seliiloz esasl tekstil materyali i¢in birlikte mordanlama ve boyama mekanizmasi
3.1. BAK’a ait UV-Vis Spektrofotometrik dél¢iimleri

Calismanin bu kisminda BAK'1n sulu ortamda ekstraksiyonu yapilarak ¢ozeltisi elde edilmistir. 1 gram 6giitiilmiis
bitki 100 ml 90°C su icerisinde 60 dakika bekletilip sogutulduktan sonra spektral dlgiimler yapilmistir. Elde
edilen bu ¢ozeltiden UV-gorinir bolge spekturumu alinmistir. Sekil 5'de goriildigi lizere 486 ve 550 nm
civarinda iki pik 6n plana ¢ikmistir. 440 - 450 nm aralifinda Emodin’e ait absorbsiyon piklerinin bulundugu
bildirilmistir [52].

5500 1.9777)

Absorbance(Abs)

B0, 01315)

240, 01585)

;

400 500 600 700 800
Wavelength(nm)

Sekil 5. BAK'1n UV-go6riiniir bolge spektrumu
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3.2. Boyanmis numunelere ait K/S ve CIE L*a*b* degerleri

BAK'in yapisinda bulunan antrakinon esash yapilardan biri olan emodin ile tekstil maddelerinin ¢ok farklh
renkler ile renklendirilebilecegi Tablo 1'de agik¢a goriilmektir. Ayrica herhangi bir metal tuzu kullanilmadan da
tekstil liflerinin renklendirilebilmesi olanagi ¢evre dostu lretim siireglerinde de kullanilabilecegini net bir
sekilde gostermektedir. Mordansiz boyama olarak ifade edilebilen ve 1/1 dlgeklerinde (materyal agirhigi/bitki
agirligl) yapilan bu boyama ile 6n terbiye islemi gérmiis olan iplik ve pamuklu dokuma kumas pembe renk
tonlarinda, yiinlii kumas ise hardal rengine boyanabilecegi goriilmiistiir. Boyarmadde kaynagi olarak kullanilan
BAK miktar artirilarak daha koyu tonda, azaltilarak daha agik tonlarda renkler elde edilebilecektir. Metal tuzu
kullanilarak yapilan ¢alismalarda ise ¢ok daha farkli renk tonlari elde edilmistir. Bakir iyonlar1 ile yapilan
denemelerden iplik acik bej, pamuk ve yiin ise bakir sarisi renklere boyanmislardir. Demir iyonlar1 kullanilmasi
durumunda iplik agik bej, pamuk haki ve yiin ise kahverengine boyanmistir. Aliminyum iyonlariyla yapilan
denemelerde ise iplik sari, pamuk koyu bej ve ytin ise hardal sarisi renge boyanmistir. Krom iyonlar1 kullanildig:
zaman ise iplik a¢ik kahverengi, pamuk koyu kahve ve yiin ise bordo rengine boyanmistir. Boyarmadde kaynagi
olarak kullanilan BAK miktar: artirilarak daha koyu tonda, azaltilarak daha agik tonlarda renkler, ayni sekilde
kullanilan metal tuzlarinin miktarinin artirilmasi veya azaltilmasi veya degistirilmesi durumlarinda da ¢ok farkl
renk tonlarinin elde edilebilecegi gorilmektedir. Bitkisel boyarmadde kaynaklarinin en ilging ve giizel
yanlarindan biri de bu degisken yapilarin ayni bitkisel kaynak kullanilarak gergeklestirilebilmesidir. Bu durum
dogal boyarmadde kullanan boyahaneleri i¢in esnek ve pratik bir is akis1 anlami da gelebilmektedir.

Tablo 1. Mordansiz ve dort farkli mordan maddesi kullanilarak BAK ile boyanmis iplik/pamuk/yiinden elde edilen renkler

KAI(S04)2.12H,0

Mordan _— o
Maddeleri Pamuk Iplik Pamuklu Kumas Yiinlii Kumas
o .
o .
FeS04.7H,0

KzCl‘207
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Tablo 2’de sunulan boyanmis numunelerden elde edilen K/S degerleri (Sekil 6) incelendiginde, en yiiksek deger
18,62 ile mordansiz boyanmis ylin kumasa ve en diisiik deger ise 1,31 ile mordansiz boyanmis iplik numunesine
aittir. Genel olarak K/S degerleri incelendiginde yunlii kumaslarin degerleri daha yiiksek iken, iplik
numunelerinin degerleri ise daha diisiik degerlerde goriilmektedir. Yinli kumaslara ait degerlerin daha ytliksek
olmasinin en dnemli nedeni yiiniin kimyasal yapisinda bulunan aktif u¢larin (-NH,, -COOH, -OH gibi) cok farklilik
gostermesinin neden olabilecegi diisliniilmektedir.

Renkler L* agiklik-koyuluk a¢isindan sonuglar degerlendirildiginde; 29,57 ile en koyu renk tonuna sahip olan
krom iyonlar1 ile mordanlanarak boyanmis ytnli kumasa ait iken, en ac¢ik renk tonuna sahip olan numune ise
66,45 ile alliminyum iyonlar: ile mordanlanarak boyanmis iplik numunesinden elde edilmistir. Genel olarak
bakildiginda ise iplik numunelerinin daha ag¢ik renk tonlarina, yiinlii kumaslarin ise daha koyu renk tonlarina
sahip olduklari tespit edilmistir.

20
18
16
14
12
10

K/s

[=n I S R SO o NI ¢ <]

Mordan Maddeleri

iplik ®mPamuk ®Yiin

Sekil 6. Boyanmis numuneler ait karsilastirmali K/S degerleri

CIE L*a*b* renk uzayinda kirmizi rengin bir gdstergesi olan a* degerleri incelendiginde en yiiksek a* degeri
22,03 ile krom iyonlari ile mordanlanarak boyanmis yiinlii kumas numunesine ait iken, en diisiik a* degeri ise
6,43 ile bakir iyonlar1 ile mordanlanarak boyanmis iplik numunesine ait oldugu tespit edilmistir.

Ayni sekilde CIE L*a*b* renk uzayinda sar1 rengin bir gostergesi olan b* degerleri incelendiginde ise en yiiksek
48,15 ile altiminyum iyonlar1 ile mordanlanarak boyanmis yiinlii kumasa ait iken, en diisiik b* degeri ise 10,25 ile
krom iyonlari ile mordanlanarak boyanmis yiinlii kumastan elde edilmistir.

Kroma (C*) degerleri iizerinden sonuglar incelendiginde; en yliksek C* degeri 50,42 ile aliiminyum iyonlari ile
mordanlanarak boyanmis yiinlii kumas numunesinden elde edilirken, en diisiik C* degeri ise 13,66 ile demir
iyonlar1 ile mordanlanarak boyanmis iplik numunesinden elde edilmistir.

Boyanmis numunelerin h° agilart bakimindan sonuglar1 degerlendirildiginde ise, en yiiksek h° agis1 72,73 ile
bakir iyonlari ile mordanlanarak boyanmis yiinlii kumasa ait iken, en diisiik h° agisi1 ise 48,63 ile demir iyonlari
ile mordanlanarak boyanmis pamuklu kumas numunesi ait oldugu tespit edilmistir.

Tiim sonuglar degerlendirildiginde BAK ile boyanan ve farkli metal tuzlar1 kullanilarak yapilan denemelerde
kendi aralarinda dogrudan bir iliskinin varliindan s6z etmek imkansiz gibi goziikmektedir. Cok fazla
degiskenden dolay1 elde edilebilecek renk tonlarinin da énemli 6l¢lide degisecegi diisiiniilmektedir. Bu durum
ise dogal boyamacilig1 en 6nemli zaaflarindan biri olarak goriilebilir.
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Tablo 2. Mordansiz ve dort farkli mordan maddesi kullanilarak BAK ile boyanmis iplik/pamuk/yiinden elde edilen CIE L* a*

b*renk ve K/S degerleri
CIE KAI(S04)2.12
L*a* | Mordansiz CuS04.5H20 | FeS04.7H:z0 K2Cr207
b* H20
K/S 1,31 2,29 1,72 1,4 1,34
» L* 65,12 66,45 61,76 64,95 65,87
E ﬁ a* 9,53 11,51 6,43 4,24 10,38
= ) b* 15,99 30,54 14,73 12,98 17,51
Cc* 18,61 32,64 16,08 13,66 20,35
h° 59,19 69,34 66,41 71,93 59,33
K/S 4,15 5,22 6,97 8,09 3,73
o o L* 48,12 50,01 40,47 40,03 49,61
E E a* 9,73 9,92 15,17 7,37 14,4
S § b* 14,28 23,44 17,22 17,44 16,68
Cc* 17,28 25,45 22,95 18,94 22,03
h° 55,74 67,06 48,63 67,09 49,21
K/S 18,62 12,18 12,11 17,67 13,26
o~ L* 39,97 55,63 38,25 34,82 29,57
g E a* 12,25 14,97 12,04 9,58 22,03
> § b* 32,46 48,15 21,82 23,94 10,25
Cc* 34,7 50,42 24,92 25,78 24,3
h° 69,32 72,73 61,1 68,19 24,96

Boyanmis numunelere dort farkl haslik testi uygulanmistir. Bunlar yikama, stirtme, ter ve 151k haslik testleridir.
Elde edilen sonuclar ise Tablo 3’de sunulmustur. Yikama hasliklar1 agisindan sonuclar hem lekeleme hem de
renk degisimi bakimindan 4 - 5 puan araliginda tespit edilmistir. Mordan maddesinin degismesi yikama haslik
sonuclarini olumsuz yonde etkilememistir.

Tablo 3. Mordansiz ve dort farkli mordan maddesi kullanilarak BAK ile boyanmis iplik/pamuk/yiiniin renk haslik degerleri

= 5 Siirtme Ter Hashig
? Mordan Tipi Yikama Hashg Hashg eidik I I$lkv
< Hashg
= L R Y K L R L R
Mordansiz 4 4/5 4 4/5 4 5 4/5 5 2
2, FeS04.7Hz0 4 5 4/5 5 4/5 5 5 5 3
§ :;_ CuS04.5H20 4 5 4 5 4/5 5 5 5 3
~ K2Cr207 4/5 5 4 5 5 5 5 5 3
KAI(S04)2.12H20 4/5 5 4 5 5 5 4/5 5 3
Mordansiz 4/5 5 4 5 5 5 4/5 5 2
29 FeS04.7H20 5 5 4/5 5 5 5 4/5 5 4
é.E" E CuS04.5H20 5 5 4/5 5 4/5 5 5 5 4
K2Cr207 4/5 5 5 5 4/5 5 4/5 5 3
KAI(S04)2.12H20 5 5 5 5 5 5 5 5 2/3
Mordansiz 5 5 4/5 5 4/5 5 5 5 4
o | FeS04.7Hz0 5 5 5 5 5 5 4/5 5 4
g ;g CuS04.5H:0 5 5 5 5 5 5 5 5 4
K2Cr207 5 5 5 5 5 5 5 5 4
KAI(S04)2.12H20 5 5 5 5 4/5 5 5 5 4
L: Lekeleme, R: Renk degisim, Y:Yas, K:Kuru
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Siirtme hasliklar agisindan sonuglar incelendiginde gerek yas ve gerekse kuru siirtme hasliklar1 4 - 5 puan
araliginda tespit edilmistir. Mordan maddesinin degismesi siirtme hashiklarini olumsuz yénde etkilememistir.
Ter hasliklar1 agisindan sonuglar incelendiginde gerek asidik ve gerekse bazik ter hasliklar1 4/5 - 5 puan
araliginda tespit edilmistir. Mordan maddesinin degismesi ter hasliklarini olumsuz yénde etkilememistir. Her ti¢
haslik testi i¢inde sonuclarin ¢ok iyi oldugu soéylenebilir. Isik hashigini etkileyen faktérlerin basinda,
boyarmaddenin kimyasal yapisi ve fiziksel durumu, boya konsantrasyonu, boyanacak elyaf yapisi ve kullanilan
mordan maddesinin tipleri olarak bildirilmektedir [53]. Isik hasliklar1 agisindan bu calismanin sonuglari
incelenecek olursa; 2 - 4 puan araliginda tespit edilmistir. En diisiik 151k haslik degeri 2 puan ile mordansiz
boyanmis pamuklu iplik ve kumas numunelerinden elde edilmistir. Metal tuzlarinin kullanilmasiyla birlikte 151k
hasliklarinda 1-2 puanlik bir artis s6z konusudur. Yiinlii kumas numunelerinin 151k haslik degerleri 4 puan olup
seliilozik materyallerinkinden 1-2 puan daha fazla oldugu goriilmektedir. Boyanacak elyaf tipi degistigi zaman
151k hasliginin da degisebilecegi bu ¢alismada da tespit edilmistir. Yapilan tiim renk haslik testleri sonucunda
elde edilen sonuclarin beklenen sonuglar oldugu ve kabul edilebilir bir diizeyde oldugu diisiiniilmektedir.

3.3. FTIR Sonugclar

Sekil 7’da sunulmus olan BAK'1n FTIR spektrumu 4000 - 600 cm-! dalga boylar: arasinda tespit edilmistir. Buna
gore 3270 cm civarinda bulunan pikin O-H streching, 1600 cm! civarinda bulunan pikin C=0 streching, 1370
cm! civarinda bulunan pikin O-H bending, 1000 ve 780 cm-! civarinda bulunan piklerin C-C streching ile
karakterize edilebilir. Benzer pikler Singh ve ard. (2012) tarafindan da ifade edilmistir [28].
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Sekil 7. BAK’a ait FTIR spekturumu

4. Tartisma ve Sonug

Geleneksel Tip ve eczacilikta kanser dnleyici, antibakteriyel, idrar soktiiriicii, antifungal gibi ve ayn1 zamanda
gida ve kozmetik sanayinde de renklendirici 6zelliklerinden dolay1 ¢ok sik kullanilan Barut agac1 kabugu’nun bu
calismadan elde edilen sonuglar ile pamuklu ve yiinli tekstil maddelerini boyayabilmesi nedeniyle bir
boyarmadde kaynagi olabilecegi sonucuna varilmistir. Yapilan yikama, siirtme, ter ve 151k haslik test sonuglarinin
yani sira elde edilen CIE L*a*b* renk degerleri de bu tezi dogrular niteliktedir. Ayrica ister mordan maddeleri
kullanilarak ister kullanilmadan boyama islemleri yapilarak farkli renk tonlarinin elde edilebilecegi
gorilmektedir. Bitkisel bir boyarmadde kaynagi olan BAK ile herhangi bir metal tuzu kullanilmadan da
renklendirme yapilabilecegi icin ¢cevre dostu bir liretim siirecinden de ayrica bahsedilebilir. Boylece boya terbiye
boliimleri igin sentetik boyarmaddelere alternatif c¢evre dostu bir boyama/renklendirme siireci de
sunulmaktadir. ileriki calismalarda keten, kenevir, poliamid, viskon, polyester gibi farkli tekstil materyalleri icin
de boyama denemelerinin yapilmasi dnerilmektedir.
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0Oz: SMS, mobil cihaz kullanicilarinin iletisimlerinde kullandiklar1 énemli
araglardan biridir. Giinimiizde kullanicilarin almis oldugu c¢ogu bilginin
kaynagi cep telefonlaridir. Teknolojideki gelismelerle birlikte cep
telefonlarina gelen mesajlarin icerigi genis bir alana yayilmakla beraber
istenilen kaynaktan gelip gelmedigi 6nemli bir konu tegkil etmektedir. Metin
siniflandirma ¢alismalarinda Tiirkge ¢alismalarin azlig1 dikkat gekicidir. Bu
calismada ¢ok sayida kullanicinin telefonlarina gelen mesajlar incelenmis ve
veri 6n isleme gibi cesitli iyilestirme asamalarindan gegirilerek bir araya
getirilmistir. Bu asamalardan sonra mevcut mesaj icerikleri makine
o6grenmesi teknikleri araciligiyla metin smiflandirma uygulanarak
incelenmistir. Elde edilen veriler normal, reklam ve spam olacak sekilde 3
farkli kategoriye ayrilmistir. Ayrica dengesiz olan veri setini dengeli hale
getirmek icin Synthetic Minority Oversampling Technique (SMOTE),
Condensed Nearest Neighbour (CNN), Undersampling Technique ve
Random Undersampling Technique (RUS) uygulanarak siniflandirma
performanslari incelenmistir. 4203 adet SMS’in yer aldig1 veri seti lizerinde
yapilan ¢alisma sonucunda en iyi sonucu veren (OACC degerine gore)
siiflandirmalar SMOTE'ta yaklasik % 80.1 ile Lojistik Regresyon, CNN’de
yaklasik %62.1 ile XGBoost ve RUS’ta yaklasik %73.8 ile Lojistik Regresyon
olmustur.

Text Classification Study on SMS Data Using Resampling Techniques

Keywords

Text Classification,
Machine learning,
Artificial intelligence,
Smote,

SMS

Abstract: SMS is one of the important tools that mobile devices users use in
their communication. Today, most of the information received by users is
the source of mobile phones. With the advances in technology, the content
of the messages coming to mobile phones is spread over a wide area and
whether or not they come from the desired source is an important issue.
The lack of Turkish studies in text classification studies is noteworthy. In
this study, the messages received from a large number of users' phones
were examined and brought together through various improvement stages
such as data preprocessing. After that, the existing message contents were
examined by applying text classification by machine learning techniques.
The data obtained are divided into 3 different categories as normal,
advertising and spam. In order to stabilize the unbalanced data set,
classification performances were examined by applying Synthetic Minority
Oversampling Technique (SMOTE), Condensed Nearest Neighbor (CNN)
Undersampling Technique and Random Undersampling Technique (RUS).
As a result of the study performed on the data set containing 4203 SMS, the
best classifications (according to OACC value) were Logistic Regression with
80.1% in SMOTE, XGBoost with 62.1% in CNN and Logistic Regression with
73.8% in RUS.
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Yeniden Ornekleme Teknikleri Kullanarak SMS Verisi Uzerinde Metin Siniflandirma Calismasi

1. Giris

Metin simiflandirmanin bir¢ok farkli uygulama alan vardir. Ornegin, kiitiiphanede yeni bir kitabin konusunun
belirlenmesi ve benzer temali kitaplar arasinda uygun yerin belirlenmesi bir metin siniflandirma problemidir.
Bu, insan emegi yerine bilgisayar tarafindan yapilirsa, isleme bilgisayarli metin siniflandirma denir. Spam
filtreleme, bir metnin yazar1 veya dilini belirleme, belge indeksleme, kelime anlamini belirleme gibi bir¢ok
uygulama metin siiflandirma uygulamalarina érnektir. Ote yandan, diger siniflandirma uygulamalar1 metin
siniflandirma ¢6ziim yontemleri ile gergeklestirilebilir. Konusmalarin siniflandirilmasinin uygulanmasinda,
konusma tanima isleminden sonra metin siniflandirmasi yapilarak konusmanin uygun sinifa atanmasi
saglanabilir. Video gibi ¢oklu ortamlarin smiflandirma sorunu, belgedeki ¢oklu ortamlarla ilgili metinlerin
siniflandirma problemini azaltarak ¢oziilmiistiir [1]. Teknolojideki ilerlemelerle birlikte, e-posta, forum ve
sohbet odalar gibi bilgisayar destekli iletisim araglariyla metin siniflandirmasi giderek daha énemli hale geldi.
Her ne kadar stirekli giincellenen blog alanlari gibi uygulamalar milyonlarca insan tarafindan kullanilsa da takibi
¢ok zordur. Ge¢cmiste icerik analizine odaklanan ¢alismalar olmasina ragmen, igeriklerin siniflandirilmasina
odaklananlarin sayisi sinirlidir. Bunun nedeni, bir metnin havasini siniflandirmanin zor olmasidir. Yapay zeka
calismalarindaki gelismeler ile dogal dil isleme kullanilarak bu zorluk ortadan kaldirilmistir. Dogal dil isleme
modelleri, metni siniflandirmak icin énceki bilgilerin kullanilmasinmi gerektirir. Makine 6grenmesi yaklasimlari,
aciklamali modeller olusturmak icin denetimli 6grenme algoritmalar1 kullanir. Metin siiflandirma i¢in, makine
o0grenme teknikleri, farkli dillere ve kosullara daha iyi uyum saglayabileceklerinden, dogal dil isleme
tekniklerinden daha iyi sonuglar elde etme egilimindedir [2].

Diger dillerin aksine, literatiir arastirildiginda, Tiirk¢ce metin siniflandirma g¢alismalarinin sayisinin az olmasi
dikkat cekicidir. Tufek¢i ve ark., Tiirk dil bilgisi 6zelliklerini kullanarak web tabanli haber metinlerini
siniflandirmak icin azaltilmis o6zellik vektoriinii kullandi. Naive Bayes, SVM, C4.5 ve RF siniflandirma
yontemlerinden elde edilen sonuglar genellikle daha yiiksekti, ancak en yiiksek basar1 %92.73 ile Naive'den elde
edildi [3]. Amasyal1 ve dig. metin siniflandirma igin bir sistem gelistirdi ve %76'lik bir basar1 orani elde etti [4].
Amasya ve Diri, N-gram karakterini kulland1 ve metnin yazarini, metnin tiriini ve yazarin cinsiyetini belirlemek
icin bazi siniflandirma algoritmalarini inceledi. Bu problemlerde basari sirasiyla %83, %93 ve %96 olarak
olciilldi [5]. Yildiz ve dig. Metin smiflandirma i¢in yeni bir 6zellik ¢ikarma yontemi 6nererek Naive Bayes
algoritmasi ile %96.25 basar1 orani elde etti [6]. Giiven ve ark. N-gram kelime belgelerinde Uygulamali Latent
Semantik Analiz yontemi kullandi [7]. Gliran ve dig. unigram, bigram ve trigram kelimelerinin temsil edildigi ve
genellikle yiliksek siniflandirma oranlarina ulasildigr bir Tirk veri setine cesitli siiflandirma yontemleri
uyguladilar. En iyi sonuglar sirasiyla %95.83, %93.17 ve %52.83 olarak elde edildi [8].

2. Materyal ve Metot

Bu arastirmada, ¢ok sayida kullanicinin telefonlarina gelen 4203 adet SMS’e (Reklam SMS: 2374, Normal SMS:
1277, Spam SMS: 552) cesitli makine 6grenme teknikleri ile metin siniflandirmasi yapildi. Bu veri halka agik
olarak internet iizerinden Curl yontemi ile indirilmistir. SMS’lerin reklam, normal veya spam olmalar ile
tahminleme c¢alismas1 yapilmistir. Ayrica, asir1 Orneklemenin ve alt orneklemenin metin smiflandirma
performansina etkisi incelenmistir. Bu siniflandirma isleminden once, veri seti énceden islenmis ve gerekli
Olgeklendirme yapilmistir. Bu asamadan sonra, c¢esitli makine 6grenme teknikleri ile SMS’ler i¢in tahmin
modelleri kurulmus ve farkli durumlarda hangi istatistiksel siniflamanin daha iyi sonug verdigi tespit edilmistir.
Arastirmada kullanilan veri setine uygulanan makine o6grenme teknikleri i¢in Python(versiyon: 3.7.1)
programlama dili kullanilmistir.

2.1. Makine 6grenmesi teknikleri

Makine 6greniminin amaci, bilgisayarlardaki karmasik sorunlar: tespit etmek ve onlara rasyonel ¢oziimler
sunmaktir. Bu, makine 6greniminin istatistik, veri madenciligi, 6riintii tanima, yapay zeka ve teorik bilgisayar
bilimi gibi alanlarla yakindan ilgili oldugunu ve ¢ok disiplinli bir calisma gerektirdigini gostermektedir.
Regresyon yontemleri, bir veya daha fazla agiklayic1 degisken ile bir sonu¢ degiskeni arasindaki iliskiyi
aciklamak icin veri analizinin ayrilmaz bilesenleridir. Makine 6grenimi teknikleriyle yapilan ilk ¢alismalardan
biri Vapnik tarafindan yapilmistir [9]. Bu ¢alismada Vapnik, regresyon problemlerinin ¢6ziimii i¢cin Destek
Vektori Makinesi kullandi. Bu g¢alismada kullanilan ydntem bir¢ok regresyon ve zaman serisi tahmin
probleminde yiiksek basar1 oranlar1 gdstermistir [10]. Giinlimiizde, teknolojideki gelismeler ile birlikte makine
6grenme tekniklerinin kullanimi artmaktadir. Asagidaki bolim, bu c¢alismada kullanilan makine 6grenme
teknikleri ile ilgilidir.
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iki veya cok seviyeli kategorik verilerden olusan ¢ok sayida sosyo-ekonomik ve tibbi arastirma sonucunun,
bagimlh degisken ile bagimsiz degiskenleri arasindaki sebep-sonug iliskisini arastirmak icin Lojistik Regresyon
(LR) Analizi tercih edilir.

K-En Yakin Komsu (KNN) siniflandirma ydnteminde, veriler drnekteki en yakin veriler arasinda en sik temsil
edilen sinifa atamir. En yakin veri Oklid uzaklik fonksiyonu hesaplanarak belirlenir. K, bu smiflandirmada,
dikkate alinmasi gereken en yakin veri sayisidir [11].

Destek Vektor Makinesi (SVM), ¢esitli metin siniflandirma problemlerinde kullanilan bir makine 6grenme
teknigidir. SVM'ler yapisal risk minimizasyonu ilkesini takip ederler [12].

Naive Bayes (NB), metin iizerinde iyi ¢alisan basit bir modeldir. Genel olarak siniflandirma i¢in kullanilan bu
yontem, temel bir olasilik teoremi olan Bayes teoremine dayanmaktadir. Bayes formiilii asagidaki gibidir.

P(A|B)P(A)

PAIB) =55 (1)

Bir karar agaci (DT), bir veri setini agacin her bir diiglimiinde tanimlanan bir dizi teste gore tekrar tekrar kiigtik
alt boliimlere ayiran bir siniflandirma olarak tanimlanir [13].

Rastgele Orman (RF), hem regresyon hem de siniflandirma gorevleri icin genis bir karar agaci seti kullanan
istatistiksel bir 6grenme algoritmasidir. Yiikksek dogrulugu, saglamlig: ve 6zelliklerinin sirasina gore bilgi sunma
kabiliyeti nedeniyle RF, biyoinformatik ve tibbi goriintileme dahil olmak iizere ¢esitli makine 6grenme
uygulamalarina etkili bir sekilde uygulanir [14].

Adaboost (ADB) siniflandirmasinin temel amaci, bir dizi zayif 6grenicinin ¢iktilarini birlestirmektir. Her zayif
Ogrenici bir karar agaci ve yapay bir ag1 temsil eder. Her turda, yanlis siniflandirilmis 6grenicilerin agirliklari
arttirilir ve dogru siniflandirilmis 68renicilerin agirliklar: azaltilir. Bu islem, agirliklardaki degisiklikler 6nemsiz
hale gelinceye kadar devam eder [15].

Gradyan Artirma (GB) karar agaglari temelli bir yontemdir ve 6nyiikleme y1gina dayal rastgele ormandan farkl
olan bir gradyan artisina dayanir. Bu yaklasim genellikle karar agaclar1 sabit biiytikliikte temel bir 6grenici
olarak kullanilir ve bu baglamda gradyan agaci giliclendirmesi olarak adlandirilir [16]. Bu makine 6grenme
yontemi, bazi zorlu veri setlerinde en gelismis sonuglar1 saglamak i¢in yaygin olarak kullanilmaktadir. Bu
modelin ana fikri, istenen son kombinasyonu elde etmek i¢in ¢oklu yineleme yoluyla zayif simiflandiricilari
gelistirerek gliclii bir siniflandirici olusturmaktir. Her yineleme, 6nceki modelin kalintilarini azaltir. Kalan yonde
yeni bir kombinasyon modeli olusturarak 6nceki sonucu iyilestirmek i¢cin tasarlanmistir [17].

Extreme Gradient Boost (XGBoost), daha basit ve daha zayif bir modelin tahminlerini birlestirerek sonucun
tahmin edilmesine yardimci olan denetimli bir 6grenme algoritmasidir. Gradyan artirma algoritmasindan daha
hizlidir. Daha 6nce olusturulmus zayif modellerden tekrarlayip 6grenerek hatayr minimize etmeye ¢alisir [18].

Yapay sinir aglar1 (ANN), insan beyninin biyolojik sinir aglarina dayanarak gelistirilmistir ve bu aglarin
fonksiyonlarini yerine getirmek icin tasarlanmis bir bilgi islem sistemidir [19].

2.2.Veri O6n isleme
Makine 6grenim teknikleri uygulanmadan dnce, asagidaki adimlar kullanilarak veri kiimesi analiz edilmistir.

1. Metin Siniflandirmasi yapilacagi i¢in egitime Kullanici Adi, Cinsiyet ve PlayStore puanlama bélimleri
dahil edilmedi. Yalnizca SMS metinleri alind1.
2. Tiurk alfabesine gore filtreleme uygulanarak, noktalama isaretleri, sayilar vb. Alfabe dis1 karakterler
silindi.
3. Her climleyi bir climlede belirterek:
e Tim biiylik harfler kii¢lik harfe doniistiirildii.
e Tirkce dilinde duygu belirtmeyen duraklama kelimeleri stopwords filtresi uygulanarak silindi.
o Her kelimenin kokii TurkishStemmer kullanilarak belirlendi ve ciimleler kok formuyla yeniden
olusturuldu.
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Islenen matris icin en ¢ok kullanilan 1000 kelime CountVectorizer Max Features ydéntemi ile belirlendi
ve 4203x1000 boyutlu matris olusturuldu (Reklam SMS: 2374, Normal SMS: 1277, Spam SMS: 552).
Veri setindeki SMS metinleri sirasiyla reklam, normal ve spam olacak sekilde tlice boliinmiis ve ilk
asamada dengesiz bir veri seti elde edildi. Bu problemden kurtulmak i¢in veri seti yeniden érneklendi.
Dengesiz veri seti, karar agaci endiiksiyon sistemleri veya her sinifin goreceli dagilimini hesaba
katmadan genel dogrulugu optimize etmek icin tasarlanmis c¢cok katmanli sensérler gibi tipik
siiflandiricilar igin zorluklar ortaya cikarir [20]. Ornekleme yéntemleri, sinif dengesizligi problemiyle
basa ¢ikmak i¢in yaygin olarak kullanilir. Bu yaklasimlar1 uygulamak ¢ok kolay olmakla birlikte, onlar:
en etkili sekilde belirlemek bircok zorlugu icerir. Ozellikle, asir1 érneklemenin yetersiz érneklemeden
daha etkili olup olmadig1 ve hangi 6rnekleme oraninin kullanilmasi gerektigi iyi belirlenmelidir [21].
Veri setinde kullanilan test ve egitim kiimeleri sirasiyla 0.3 ve 0.7 olarak belirlendi.
SMOTE teknigi ile veri setine asir1 6rnekleme (SMOTE) yapild1.

e  ONCE: Reklam SMS: 2374, Normal SMS: 1277, Spam SMS: 552

e SONRA: Reklam SMS: 2374, Normal SMS: 2374, Spam SMS: 2374

e CountVectorizer (Max Features parametresi ile 1000 feature secildi.)
Undersampling (CNN) yapuldi.

e  ONCE: Reklam SMS: 2374, Normal SMS: 1277, Spam SMS: 552

e SONRA: Reklam SMS: 757, Normal SMS: 340, Spam SMS: 552
Random Undersampling (RUS) yapildL.

e  ONCE: Reklam SMS: 2374, Normal SMS: 1277, Spam SMS: 552

e  SONRA: Reklam SMS: 552, Normal SMS: 552, Spam SMS: 552
Ug teknigin sonuglarinin karsilastirmasi yapildi.

Veri 6rnekleme algoritmalari i¢in imblearn kiitiiphanesinin varsayilan parametreleri, ML algoritmalari i¢in scikit
learn kiitiiphanesinin varsayilan parametreleri kullanilmistir.

Tablo 1. Kullanilan algoritmalarin parametreleri

SMOTE

LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,
intercept_scaling=1, 11_ratio=None, max_iter=100, multi_class='warn’, n_jobs=None,
penalty="12', random_state=0, solver='warn', tol=0.0001, verbose=0, warm_start=False)

CNN

XGBClassifier(base_score=0.5, booster="gbtree’, colsample_bylevel=1, colsample_bytree=1,
gamma=0, learning rate=0.1, max_ delta_step=0, max_depth=3, min_child_weight=1,
missing=None, n_estimators=100, n_jobs=1, nthread=None, objective="multi:softprob’,
random_state=0, reg_alpha=0, reg lambda=1, scale_pos_weight=1, seed=None, silent=True,
subsample=1)

RUS

LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,
intercept_scaling=1, 11_ratio=None, max_iter=100, multi_class='warn’, n_jobs=None,
penalty="12', random_state=0, solver='warn’, tol=0.0001, verbose=0, warm_start=False)

2.3. Istatistiksel analiz

Arastirmada kullanilan veri setine makine 6grenme teknikleri uygulandiktan sonra dogruluk oranlari confusion

matrisi kullanilarak hesaplanmistir. Confusion matrisi, bir veri kiimesinde dogru ve yanlis siniflandirilmis veri
gruplarinin sayisini veren matristir.

Calismamizda ¢ok sinifli verilerde yaygin olarak kullanilan bir basar1 degerlendirme yontemi olan Genel
Dogruluk Orani (OACC) kullanilmistir [22].

Tablo 2. Confusion matris

Gercek Durum
Data Set Sinif 1|Sinif 2[Simif 3Toplam
Siif 1] a b c j
TahminSiif 2| d e f k
Smif3] g h i 1
Toplam m n 0 N

Basar skorlari, confusion matrisi yardimiyla hesaplanmaktadir (Tablo 2). Calismamizda kullanilan ve confusion

matris yardimiyla hesaplanan basari 6lciileri ve formiilleri (2) numarali ifadede belirtilmektedir;

N=(a+b+c+d+e+f+g+h+i)
j=a+b+c (2)

k=d+

e+f
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l =g + h +i

m=a+d+g

n=b+e+h

o=c+f+i

OACC=(a+e+i)/N

Precision; =a/j

Precision; =e / k

Precisionz =i /1

Recalli=a/m

Recall; =e/n

Recalls; =i/ o

Specificity; = (e + f+h+1i) / (k+1)
Specificity, = (a+c+g+i) / (j+1)
Specificityz = (a+b+d +e) / (j+ k)

confusion matrisi yardimiyla hesaplanan birka¢ dogruluk puani daha vardir. Ayrica ¢alismanin giici, tip II hata,
tip | hata sirasiyla TP degeri, FN degeri ve FP degeri ile hesaplanir.

Tiim analiz ve islemlerde, Windows 10 64bit isletim sistemine, dort ¢ekirdekli Intel Skylake Core i5-6500 CPU
3.2 GHz 6 MB cahce ve 8 GB 2400 MHz DDR4 Ram bellege sahip bir bilgisayar kullanilmistir.

2.4. Ornekleme teknikleri

Dengesizlik, bir sinifin 6érneklem biiytkliglnin diger sinif veya siniflardan ¢ok daha ytliksek olmasidir. Bu
nedenle, kii¢tik siniflara ait veri 6rnekleri ortak siniflara ait olanlardan daha sik yanlis siiflandirilmaktadir.
Dengesiz veri setini dengelemek icin bazi teknikler gelistirilmistir [23]. Veri analizinde asir1 6rnekleme ve 6rnek
alma, bir veri kiimesinin sinif dagilimini ayarlamak i¢in kullanilan tekniklerdir (yani, temsil edilen farkl
siniflar/kategoriler arasindaki oran). Bu terimler hem istatistiksel 6rneklemede hem anket tasarim
metodolojisinde hem de makine 6greniminde kullanilir [24].

2.4.1. Sentetik azinlik 6rnekleme teknigi (Synthetic Minority Oversampling Technique, Smote)

SMOTE, veri kiimenizdeki eleman sayisin1 dengeli bir sekilde artirmak i¢in kullanilan istatistiksel bir tekniktir.
Modiil, girdi olarak verdiginiz mevcut azinlik elemanlarindan yeni drnekler olusturarak ¢alisir. SMOTE’un bu
uygulamasi ¢ogunluk elemanlarinin sayisini degistirmez.

Yeni 6rnekler sadece mevcut azinlik elemanlarinin bir kopyasi degil; bunun yerine, algoritma her hedef sinif ve
en yakin komsulari icin 6zellik alanindan 6rnekler alir ve hedef durumun 6zelliklerini komsularinin 6zellikleriyle
birlestiren yeni 6rnekler olusturur. Bu yaklasim, her sinifa uygun o6zellikleri arttirir ve 6rnekleri daha genel
yapar. SMOTE, veri kiimesinin tamamini girdi olarak alir, ancak yalnmizca azinlik elemanlarinin sayisini arttirir
[25].

Sentetik drnekler, simiflandiricinin daha kiigiik ve daha spesifik bolgeler yerine daha biiyiik ve daha az spesifik
karar bolgeleri olusturmasina neden olur. Azinlik sinifi 6rnekleri icin, etraflarindaki ¢ogunluk sinifi 6érnekleri
tarafindan kabul edilenler yerine daha genel bolgeler 6grenilmektedir. Bunun etkisi karar agaglarinin daha iyi
genellesmesidir. Azinlik sinifi, asil biyiikliigiiniin %100, %200, %300, %400 ve %500'inde 6rneklenmistir.
SMOTE algoritmasi su sekilde ¢alisir [26]:

Algorithm SMOTE(T, N, k)
Input: Azinlik siniflarinin sayisi T; ytizdesel SMOTE miktar1 N; en yakin komsu sayisi k
Output: (N/100 )*T sentetik azinlik 6rnek sayisi
1. (xEger N, 100’den kiiciikse, SMOTE edilecek 6rnek sayisi rastgele segilir.*)
if N<100
then Rastgele secilen T azinlik 6rnek sayisi
T=(N/100)*T
N=100
End if
N=(int)(N/100)(*SMOTE edilecek veri 100’iin kat1 olarak varsayilir.*)
k= En yakin komsu say1s1
9. numattrs= Nitelik sayisi
10. Sample[ ][ ]: Orjinal azinlik simif érneklerinin dizisi
11. newindex: ilk degeri sifir olup sentetik 6rneklerin sayisinli tutar.
12.  Synthetic[][]: sentetik 6rneklerin dizisi (*Yalnizca her azinlik sinifi 6rnegi icin en yakin komsu
hesaplanir.*)
13. fori<1toT

PN AW
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14. i'yve en yakin komsulari hesaplar ve dizileri nnarray'de saklar.
15. Populate(N,i,nnarray)
16. End for

Populate(N, i, nnarray)(*Sentetik 6rnek tiretmek i¢in fonksiyon.*)
17.  while N20

18. 1 ile k arasinda bir rastgele sayi secilip, nn olarak adlandirilir. Bu adim i'nin en yakin
komsularindan birini seger.
19. for attr<1 to numattrs
20. Compute: dif=Sample[nnarray[nn]][attr]-
Sample[i][attr]
21. Compute: gap= 0 ile 1 arasinda rastgele say1.
22. Synthetic[newindex][attr]=Sample[i][attr]+gap*dif
23. endfor
24, newindex++
25. N=N-1

26. End while
27. return(* Populate fonksiyonunun sonucu *)
Pseudo-Code’un sonu.

2.4.2. Yogun en yakin komsu érnekleme teknigi (Condensed Nearest Neighbour, CNN)

Yogunlastirilmis En Yakin Komsu, bir numunenin kaldirilip kaldirilmayacagina karar vermek i¢in en yakin 1
komsu kuralini kullanir [27]. Algoritma asagidaki gibi calisiyor:

- Btiin azinlik 6rneklerini bir C setine alin.

- C'ye hedeflenmis siniftan(6rneklenecek sinif) ve bu smifin diger tiim 6rneklerinden bir set S'de bir 6rnek
ekleyin.

- S setine ge¢in, numuneye goére numune alin ve en yakin bir komsu kuralini kullanarak her numuneyi
siniflandirin.

- Ornek yanhs simflandirilmissa, C'ye ekleyin, bagka bir sey yapmayin.

- Eklenecek 6rnek bulunmayana kadar S iizerinde yeniden diizenleyin.

2.4.3. Rastgele 6rnekleme teknigi (Random Undersampling Technique, RUS)

Teknik, numuneleri rastgele bir sekilde simiftan g¢ikarir, yerine koyar ya da koymaz. Bu, veri setindeki
dengesizligi hafifletmek icin kullanilan en eski tekniklerden biridir, ancak siniflandiricinin varyansini artirabilir
ve potansiyel olarak yararli veya 6nemli 6rnekleri atabilir [28].

3. Bulgular

4203 adet SMS’in yer aldig1 veri seti iizerinde yapilan ¢alismanin sonuglar1 Tablo 2’de verilmistir. OACC
degerlerine gore yapilan smiflandirmalar sonucunda SMOTE tekniginde en iyi sonucu veren siniflandirma %80.1
ile lojistik regresyon olurken, bu siniflandirmayr %79.2 ile ANN izlemistir. RUS teknigi kullanilarak yapilan
siniflandirma sonucunda en iyi sonucu %73.8 ile Lojistik Regresyon verirken, bu siniflandirmay1 %73.6 ile Rassal
Orman izlemistir. CNN tekniginde ise en iyi siniflandirma %62.1 ile XGBoost siniflandirma olmustur. Bu
siniflandirmay1 %61.5 ile Rassal Orman izlemistir. Yeniden érnekleme tekniklerinin diger Makine Ogrenmesi
teknikleri ile verdikleri dogru siniflandirma oranlar1 Tablo 2’de detayli olarak goésterilmistir. Burada Recall, o
teknik ile dogru olarak tahmin edilenlerinin, tiim o teknikteki dogrulara oranini ifade eder. Specificity, o teknik
ile yanlis olarak tahmin edilenlerinin, tiim o teknikteki yanlislara oranini ifade eder. Precision ise dogru oldugu
bilinen gozlemlerin dogru tahmin edilenlerinin dogru oldugu bilinenlere oramidir. SMOTE, RUS ve CNN
tekniklerinin her bir Makine Ogrenmesi teknigi ile ayr1 ayr1 vermis olduklar1 Recall, Specificity ve Precision
sonuclari detayli olarak Tablo 3’de verilmistir.
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Tablo 3. Calismanin sonucu

(%) LR | KNN [SYM | BNB | GNB | DT RF | ADB | GB | XGB |ANN

- RUS | 8359 | 97.54 | 98.77 | 94.15 | 8554 | 87.38 | 88.62 | 87.38 | 92.31 | 92.62 |87.38
mﬂmwmﬂwﬁ CNN | 83.59 | 9040 |99.69 | 87.31 | 7245 | 78.02 | 8576 | 84.83 | 86.69 | 88.54 |79.88
SMOTE | 93.44 | 79.64 | 9455 | 9496 | 69.70 | 81.71 | 81.57 | 91.44 | 9496 | 93.44 |82.82

o RUS | 83.71 | 49.85 | 5251 | 7699 | 81.12 | 8732 | 86.73 | 78.17 | 79.35 | 75.81 |88.20
mﬁﬂwﬂﬂw_% CNN | 83.71 | 44.86 |100.00| 7494 | 7569 | 8647 | 8772 | 77.69 | 85.46 | 85.21 |84.46
SMOTE | 84.53 | 79.04 | 6557 | 7477 | 8860 | 9366 | 9380 | 7249 | 76.76 | 75.41 |94.08

o RUS | 70.08 | 93.64 |93.03| 87.88 | 89.70 | 83.03 | 85.15 | 88.79 | 85.76 | 86.97 |83.64
ﬂﬂwﬂ_ﬁﬂw CNN | 70.08 | 84.85 | 7.95 | 7841 | 7689 | 6591 | 64.02 | 70.08 | 65.15 | 65.53 |69.70
SMOTE | 91.98 | 96.62 |91.49 | 9121 | 9501 | 91.28 | 92.69 | 89.87 | 89.80 | 90.58 |92.12

RUS | 66.46 | 90.70 | 9535 | 86.03 | 7251 | 75.15 | 77.71 | 74.69 | 8227 | 82.61 |76.44

MMHH CNN | 66.46 | 68.69 |9545| 7153 | 51.89 | 57.99 | 68.06 | 65.73 | 69.29 | 72.18 |62.43
SMOTE | 84.03 | 63.17 |81.46 | 8501 | 59.50 | 70.02 | 7040 | 75.10 | 85.10 | 81.30 |71.58

RUS | 4538 | 4620 |47.73 | 63.72 | 68.00 | 74.40 | 7256 | 63.73 | 65.17 | 62.04 |75.00

ﬁzﬂwﬂm: CNN | 4538 | 2466 | - | 4083 | 3490 | 4653 | 4896 | 4027 | 46.79 | 48.70 [39.81
SMOTE | 74.11 | 68.15 |57.44 | 6428 | 7032 | 84.28 | 84.79 | 62.30 | 66.11 | 64.83 |85.34

RUS | 6343 | 77.89 | 77.67 | 7260 | 73.02 | 6585 | 70.66 | 71.76 | 69.68 | 69.93 |66.87

E_Mﬂw_.wu CNN | 6343 | 6078 | 4841 | 6833 | 61.64 | 59.64 | 6245 | 60.70 | 6230 | 62.86 |63.13
SMOTE | 83.81 | 8838 | 7899 | 81.03 | 86.19 | 81.95 | 8431 | 76.59 | 78.83 | 79.32 [83.88

o RUS | 61.76 | 4535 |47.67 | 68.02 | 72.09 | 72.09 | 75.00 | 7035 | 67.44 | 66.28 |77.33
wm%h“%: CNN | 61.76 | 4000 | 1235| 6059 | 5647 | 57.65 | 57.65 | 55.29 | 57.06 | 56.47 |63.53
SMOTE | 72.67 | 73.55 |50.44 | 60.17 | 93.75 | 89.97 | 9230 | 5436 | 60.61 | 60.03 |91.13

N RUS | 57.45 | 9241 [93.04 | 8671 | 86.08 | 79.11 | 7532 | 8228 | 8291 | 84.81 [75.95
M“MM_HM_M CNN | 57.45 | 76.60 | 0.00 | 73.40 | 5532 | 50.00 | 50.00 | 63.83 | 54.26 | 59.57 [43.62
SMOTE | 84.60 | 85.69 |88.83 | 86.78 | 51.63 | 64.99 | 66.08 | 86.92 | 86.65 | 86.65 |65.80

N RUS | 59.83 | 44.31 | 47.90 | 6347 | 5509 | 64.67 | 70.66 | 56.29 | 64.67 | 59.88 |65.27
MMMM_M_% CNN | 59.83 | 27.07 | 9956 | 53.71 | 42.79 | 58.08 | 69.00 | 53.28 | 66.38 | 67.25 |59.83
SMOTE | 82.52 | 51.05 | 63.64 | 7469 | 6196 | 7874 | 78.18 | 65.87 | 7552 | 71.89 |81.54

RUS | 73.84 | 5996 |62.17 | 7243 | 7082 | 71.83 | 73.64 | 69.42 | 71.43 | 70.02 |72.84

0ACC CNN | 60.04 | 4097 |50.51| 59.84 | 49.90 | 5639 | 61.46 | 5598 | 60.85 |62.07 |58.01
SMOTE | 80.07 | 70.19 | 68.04 | 74.17 | 68.65 | 77.63 | 7857 | 69.40 | 7454 | 73.14 |79.22
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Some extension of Receiver operating characteristic to multi-class

Receiver Operating Characteristic
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Sekil 1. Genel ve SMOTE, CNN, RUS tekniklerinin ROC grafikleri

Tablo 4. SMOTE tekniginin en basarili algoritmasinin confusion matrisi

Gercek . o
SMOTE ReklamNormalSpamDOgnlluk (%)
Reklam| 590 63 62 82.52
TahminNormal| 80 621 | 33 84.60
Spam | 34 154 | 500 72.67
80.07
Tablo 5. CNN tekniginin en basarili algoritmasinin confusion matrisi
Gergek . o
CNN Reklam NormalSpamDogrumk (%)
Reklam| 154 42 33 67.25
TahminNormal| 34 56 4 59.57
Spam | 57 17 96 56.47
62.07
Tablo 6. RUS tekniginin en basarili algoritmasinin confusion matrisi
Gergek . o
RUS Reklam NormalSpamDogrumk (%)
Reklam| 105 39 23 62.87
TahminNormal| 21 132 5 83.54
Spam | 25 17 | 130 75.58
73.84

4. Tartisma ve Sonug¢
Arastirma sonucunda, CNN ve RUS teknikleriyle yeniden 6rnekleme yapilan veri setlerindeki birim sayilarinin
SMOTE teknigine gore daha az olmasi basar1 oranina yansidifl diislinilmektedir. Bu calisma sonucunda
ornekleme tekniklerinden SMOTE tekniginin 6rnekleme tekniklerinden daha iyi metin siniflandirmasi yaptigi
goriilmektedir. Ek olarak, bazi algoritmalarin 6rnekleme ve rastgele drnekleme teknikleri uygulanirken
ezberleme (overfitting) yaptig1 goriilmiistiir. Bu ¢alismada yeniden 6rnekleme teknikleri detayli incelenmis ve
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hangi teknigin ne gibi artis1 veya eksisi oldugu gorilmiistiir. Gelecekte ise sosyal medyaya veya forumlara
yapilan kullanici yorumlarinin siniflandirmasinda verinin normallestirme asamasi lizerinde detayli ¢alisma
yapilmasi planlanmaktadir. Ciinki; gliniimiizde sosyal medyay1 yogun olarak kullanan genc¢ niifusun kullandig:
kisaltmalar ve dil itibariyle analiz yapilirken ciddi zorluklar gekildigi goriilmiis ve o alanda ¢alisma yapilmasi
diistinilmektedir.
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Anahtar Kelimeler 0z: liyopromidinin molekiiler yapisi, B3LYP/CEP-121G ve PBE/TZP
lyopromidin, seviyelerinde DFT hesaplamalar ile belirlenmistir. lyoprimidinin bilesiginin
DFT, gaz fazi ve farkh ¢oziiciilerde 6rnek olarak, kloroform, asetik asit, etanol,
B3LYP, . DMF, DMSO, su, elektronik, yapisal ve termodinamik 6zellikleri, manyetik
Kuantum kimyasal . . . . . . .

hesaplamalar. momenti, statik ve dinamik polarizasyonu (a ve Aa) ve hiperpolarizasyon

kabiliyeti (B, y), B3LYP yonteminin CEP-4G, CEP-31G, CEP-121G, DGDZVP ve
LANL2DZ baz setleri kullanilarak Gaussian 09 yazilimi yardimiyla
belirlenmistir. Zamana bagh yogunluk fonksiyonel teorisi (TD-DFT) ile gaz
fazinda ve farkli ¢oziiciilerdeki iyopromidinin optik absorpsiyon
spektrumunu hesaplamak i¢in de kullanilmistir.

Theoretical B3LYP Study on Electronic Structure of Contrast Agent lopromide

Keywords Abstract: The molecular structure of iopromide was determined by DFT
lopromide, calculations at B3LYP/CEP-121G and PBE/TZP levels. Electronic, structural, and
DFT,

thermodynamic properties, magnetic moment, static and dynamic polarizability

83”5' hemical (dand Aa) and hyperpolarizability (fB,y) of iopromide compound were
o - e determined by using B3LYP method with the CEP-4G, CEP-31G, CEP-121G,

DGDZVP and LANL2DZ basis sets in gas phase and different solvents such as
chloroform, acetic acid, ethanol, DMF, DMSO, water with the assistance of
Gaussian 09 software. The effect of solvent on parameters has been studied.
Time dependent density functional theory (TD-DFT) has also been used to
calculate the optical absorption spectrum of iopromide in gas phase and in
different solvents.

*[1gili Yazar, email: izzettin@erciyes.edu.tr
1. Introduction

lodinated X-ray contrast media are sterile iodine-containing solutions and they are the most commonly used
drugs in diagnostic and interventional procedures. Contrast media which are categorised as ionicmonomers,
ionic dimers, nonionic monomers and nonionic dimers differ due to in their osmolality, number of hydroxyl and
carboxyl groups [1]. lodinated contrast media non-ionic monomers, such as iohexol, iopamidol, iomeprol,
iopromide, and ioversol have been commercially marketed for long periods, and their safety has been confirmed
clinically [2-4] determined the characteristic AEs of iodinated contrast media and to compare the safety profiles
of different iodinated contrast media using data from spontaneous post-marketing and reported that lopromide
(45.5%) was the most commonly implicated iodinated contrast medium, followed by iohexol (16.9%), iopamidol
(14.3%) and iomeprol (10.3%). lopromide is a dicarboxylic acid diamide that consists of N-
methylisophthalamide bearing three iodo substituents at positions 2, 4 and 6 a methoxyacetyl substituent
at position 5 and two 2,3-dihydroxypropyl groups attached to the amide nitrogens.

Starry [5] synthesized iopromide from 3-amino-5-(2,3-diacetoxypropylcarbamoyl)-2,4,6-triiodobenzoic acid by
reaction with methoxyacetyl chloride, hydrolysis with NaHCOs; and chlorination to give 3-(2-
methoxyacetylamino)-5-(2,3-dihydroxypropylcarbamoyl)-2,4,6-triiodobenzoyl chloride, followed by reaction
with N-methyl-2,3-dihydroxypropylamine with an overall yield of about 80%.
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In internal organ examinations where the difference in X-ray absorption between the organ and adjacent tissues
is small, therefore contrast agents with different absorption rates are used to increase the difference in X-ray
absorption. There are two types of contrast media, i.e. positive contrast agents that absorb the X-ray well and
negative contrast agents that transmit the X-ray well and a suitable type is used for the purpose of examination.

In this research work, HOMO and LUMO energies, parameters related with HOMO and LUMO energies
molecular polarizability (o) and first hyperpolarizabilities, thermodynamic properties are calculated
using B3LYP level using by the DFT level and B3LYP functionals with the CEP-4G, CEP-121G, CEP-31G,
DGDZVP and LANL2DZ basis sets iopromide molecule for gas and solvent media such chloroform, acetic
acid, ethanol, DMF, DMSO and water using Gaussian 09, Revision A.02 program [6].

2. Computation Methods

The input files of the complex were prepared with GaussView 5.0.8 [7]. Calculations were made using
Gaussian 09, Revision A.02 program [6]. Quantum chemical properties of iopromide were determined
through the application of density functional theory (DFT) methods (B3LYP) [8], with LANL2DZ [9], CEP-
4G [10], CEP-31G [11] and CEP-121G [11] basis sets.

2.1. Computational details

In this study, all calculations were carried out by using DFT/B3LYP method. Optimization of synthesized
molecules was performed with 6-311G(d,p) basis set of Gaussian 09, Revision A.02 program [6]. Quantum
chemical parameters for synthesized molecules such as; the energy of the highest occupied molecular
orbital (Enomo), the energy of the lowest unoccupied molecular orbital (Erumo), HOMO-LUMO energy gap
(AE), ionization energy (I), chemical hardness (1)), softness (o), electronegativity (), chemical potential
(n), dipole moment (DM), global electrophilicity (w) and sum of negative Mulliken atomic charges (MAC),
summary of natural population analysis (SNPA) for gas and different phases of neutral molecules were
calculated and discussed. Recently, the optimization of the molecules with different basic groups and the
discussion of the results have been widely used [12-33].

Molecular properties, related to the reactivity and selectivity of the compounds, were estimated following
the Koopmans’s theorem [34] relating the energy of the HOMO and the LUMO. According to the DFT-

Koopmans’ theorem [34, 35], the ionization potential (I) can be approximated as the negative value of the
highest occupied molecular orbital energy (Euxomo), such as shown in equation 1:

I= _EHOMO (1)

The negative value of the lowest unoccupied molecular orbital energy (ELumo) is similarly related to the
electron affinity (A) [36] shown in equation 2:

A =-Erumo (2)
Energy gap (AE) is estimated by using the Enomo and Erymo:
AE = Erumo—Enomo (3)

Electronegativity () is estimated with the following the equation from Enomo and Erumo [37] or ionization
potential (I) and electron affinity (A) [38]:

_( EHOMO +ELUMO j_(l + Aj 4
5 =3 (4)

Chemical hardness (1) measures the resistance of an atom to a charge transfer [37], it’s estimated by
using the equation 5 from Enomo and Erymo or I and A [38]:

_(EHOMO _ELUMO j_(l B AJ 5
5 = (5)
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Electron polarizability, called chemical softness (o), describes the capacity of an atom or group of atoms to
receive electrons [37], and it is estimated by using the equation 6:

c—1~—[—2 J 6)
n EHOMO - ELUMO

Chemical potential (i) and electronegativity () can be calculated with the help of the following equation
[12] from Enomo and Erymo:

E +E
u:_xg( HOMO2 LUMO) (7)

The global electrophilicity index (w) is a useful reactivity descriptor that can be used to compare the
electron-donating abilities of molecules [39]. Global electrophilicity index is estimated by using the
electronegativity (y) and chemical hardness (1) parameters through the equation:

o== (8)
A high value of electrophilicity describes a good electrophile while a small value of electrophilicity
describes a good nucleophile [40].

3. Result and Discussion

The most important orbital in the molecule is the so-called frontier orbitals known as HOMO and LUMO.
LUMO the lowest unoccupied molecular orbital HOMO is the highest energy MO. The optimized structure

and, the pictorial representation of their HOMO-LUMO distribution and their respective positive and
negative regions of mentioned molecule at B3LYP/LANL2DZ level for gas phase are shown in Figure 1.

HOMO LUMO

Figure 1. The frontier MOs (HOMOs, LUMOs) of molecules by using DFT/B3LYP/LANL2DZ basic set.

As seen from Figure 1, both HOMO and LUMO plots simulated with B3LYP/LANL2DZ level were localized
on the groups attached to C16 atom of benzyl group for iopromide molecule. Green and red colour
represents the positive and negative phase, respectively of the iopromide molecule.

The highest occupied molecular orbital (HOMO) that represents the ability to donate an electron and the
lowest unoccupied molecular orbital (LUMO) as an electron acceptor that obtains electron are the main
orbitals that take part in chemical stability. Energy gap that is difference between HOMO and LUMO
energy is an important stability for molecules [41]. Enomo, ELumo and AE of iopromide molecule calculated
by the DFT level and B3LYP functionals with the CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ
basis sets in gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases are presented in Figures
2-4.
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Figure 2. The calculated HOMO parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ basis sets in
gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.

As seen from the Figure 2, we can say that HOMO energy on going from the gas phase to water phase for
all the bases set decreased by solvent dielectric constant for all the studied basis sets. The HOMO energy of
iopromide molecule have deceased in the following order: -6.849 eV in gas phase > -7.030 eV in
chloroform > -7.041 eV in acetic acid > -7.067 eV in ethanol > -7.069 eV in DMF > -7.070 eV in DMSO > -
7.072 in water at LANL2DZ basis set. According to these results, the electron donating trends for study
molecule for different phase can be written for LANL2DZ basis set as: gas phase < chloroform < acetic acid
< ethanol < DMF < DMSO < water. However, LUMO energy on going from the gas phase to solvent phase at
LANL2DZ basis set slightly increased from -2.2893 eV to -2.2850 eV in chloroform and then decreased as
the dielectric constant of the solvent increased. The similar trend is seen for DGDZVP basis set (Figure 3).

The largest HOMO-LUMO energy gap (AE) was found in water solvent for the all studied basis set
which implies higher kinetic stability and less chemical reactivity [42] and the smallest AE was found
in gas phase for the all studied basis set. The AE of iopromide molecule have deceased in the following
order: 4.560 eV in gas phase < 4.745 eV in chloroform < 4.755 eV in acetic acid < 4.777 eV in ethanol <
4.779 eV in DMF < 4.781 eV in DMSO < 4.782 eV in water at LANL2DZ basis set; 4.614 eV in gas phase <
4.757 eV in chloroform < 4.763 eV in acetic acid < 4.776 eV in ethanol < 4.776 eV in DMF < 4.778 eV in
DMSO < 4.778 eV in water at DGDVZ basis set (Figure 4).
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Figure 3. The calculated LUMO parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ basis sets in
gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.
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Figure 2. The calculated energy gap (AE) parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ
basis sets in gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.

Additionally, the, chemical potential, electron affinity, electronegativity chemical hardness, softness and
electrophilicity index parameters of iopromide molecule calculated by the DFT level and B3LYP
functionals with the CEP-4G, CEP-31G, CEP-121G, DGDZVP and LANL2DZ basis sets in gas phase and
chloroform, acetic acid, ethanol, DMF, DMSO and water phases found using the computed Exomo and Erumo
were summarized in Table 1.
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Table 1. The calculated quantum chemical parameter values.

Phase Method Enomo, eV ELumo, eV AE, eV n, eV o, eV-1 % eV u, ev w, eV g, eV w, eV MAC, e SNPA, e
Gas B3LYP-CEP-121 -6.971 -2.503 4.468 2.234 0.224 9.475 -9.475 20.093 11.735 30.685 -3.656 -9.400
B3LYP-CEP-4G -6.077 -2.857 3.220 1.610 0.311 8.933 -8.933 24.784 16.656 34.522 -3.354 -7.254
B3LYP-CEP-31 -6.882 -2.459 4424 2.212 0.226 9.341 -9.341 19.724 11.489 30.170 -3.379 -9.400
DGDVZ -6.915 -2.301 4.614 2.307 0.217 9.216 -9.216 18.410 10.347 28.780 -3.128 -9.467
LANL2DZ -6.849 -2.289 4.560 2.280 0.219 9.139 -9.139 18.315 10.316 28.593 -3.899 -9.634
Chloroform B3LYP-CEP-121 -7.098 -2.479 4.619 2.309 0.217 9.577 -9.577 19.859 11.437 30.591 -3.939 -8.842
B3LYP-CEP-4G -6.448 -2.964 3.484 1.742 0.287 9.412 -9.412 25.424 16.883 35.708 -3.435 -7.395
B3LYP-CEP-31 -7.030 -2.446 4.585 2.292 0.218 9.476 -9.476 19.584 11.255 30.207 -3.704 -9.583
DGDVZ -7.039 -2.282 4.757 2.379 0.210 9.321 -9.321 18.261 10.130 28.772 -3.143 -9.627
LANL2DZ -7.030 -2.285 4.745 2.373 0.211 9.315 -9.315 18.286 10.157 28.788 -4,102 -9.816
Acetic Acid B3LYP-CEP-121 -7.106 -2.479 4.627 2.314 0.216 9.586 -9.586 19.858 11.429 30.600 -3.961 -8.856
B3LYP-CEP-4G -6.481 -2.972 3.509 1.755 0.285 9.452 -9.452 25.460 16.885 35.790 -3.442 -7.406
B3LYP-CEP-31 -7.039 -2.446 4.593 2.297 0.218 9.484 -9.484 19.583 11.247 30.216 -3.735 -9.598
DGDVZ -7.045 -2.282 4,763 2.382 0.210 9.328 -9.328 18.266 10.129 28.785 -3.138 -9.640
LANL2DZ -7.041 -2.286 4.755 2.378 0.210 9.327 -9.327 18.295 10.157 28.812 -4.106 -9.830
Ethanol B3LYP-CEP-121 -7.125 -2.479 4.646 2.323 0.215 9.604 -9.604 19.855 11.412 30.621 -4.020 -8.892
B3LYP-CEP-4G -6.547 -2.994 3.554 1.777 0.281 9.541 -9.541 25.618 16.965 36.047 -3.457 -7.431
B3LYP-CEP-31 -7.062 -2.448 4.614 2.307 0.217 9.510 -9.510 19.601 11.245 30.264 -3.802 -9.634
DGDVZ -7.061 -2.285 4.776 2.388 0.209 9.346 -9.346 18.289 10.137 28.828 -3.174 -9.670
LANL2DZ -7.067 -2.289 4.777 2.389 0.209 9.356 -9.356 18.323 10.161 28.873 -4.165 -9.865
DMF B3LYP-CEP-121 -7.127 -2.479 4.648 2.324 0.215 9.606 -9.606 19.855 11.410 30.623 -4,027 -8.896
B3LYP-CEP-4G -6.556 -2.996 3.560 1.780 0.281 9.552 -9.552 25.626 16.964 36.068 -3.459 -7.434
B3LYP-CEP-31 -7.064 -2.448 4.616 2.308 0.217 9.513 -9.513 19.605 11.246 30.272 -3.810 -9.638
DGDVZ -7.061 -2.285 4.776 2.388 0.209 9.346 -9.346 18.289 10.136 28.829 -3.166 -9.673
LANL2DZ -7.069 -2.290 4.779 2.390 0.209 9.359 -9.359 18.327 10.163 28.881 -4.170 -9.869
DMSO B3LYP-CEP-121 -7.128 -2.479 4.649 2.324 0.215 9.607 -9.607 19.855 11.410 30.624 -4.030 -8.898
B3LYP-CEP-4G -6.560 -2.996 3.564 1.782 0.281 9.556 -9.556 25.626 16.960 36.073 -3.460 -7.435
B3LYP-CEP-31 -7.065 -2.448 4.617 2.308 0.217 9.514 -9.514 19.605 11.245 30.273 -3.814 -9.639
DGDVZ -7.063 -2.286 4,778 2.389 0.209 9.349 -9.349 18.293 10.139 28.836 -3.163 -9.675
LANL2DZ -7.070 -2.290 4781 2.390 0.209 9.360 -9.360 18.327 10.162 28.883 -4.172 -9.870
Water B3LYP-CEP-121 -7.129 -2.480 4.650 2.325 0.215 9.609 -9.609 19.857 11.410 30.628 -4.034 -8.900
B3LYP-CEP-4G -6.566 -2.998 3.568 1.784 0.280 9.563 -9.563 25.632 16.961 36.088 -3.461 -7.437
B3LYP-CEP-31 -7.067 -2.449 4.618 2.309 0.217 9.516 -9.516 19.607 11.246 30.278 -3.819 -9.642
DGDVZ -7.064 -2.286 4,778 2.389 0.209 9.350 -9.350 18.295 10.140 28.840 -3.179 -9.677
LANL2DZ -7.072 -2.290 4,782 2.391 0.209 9.362 -9.362 18.330 10.163 28.888 -4.176 -9.873
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The hardness (n) of iopromide in the ground state increases in the order; 2.280eV in gas phase < 2.373 eV in
chloroform < 2.378 eV in acetic acid < 2.389 eV in ethanol < 2.390 eV in DMF = 2.390 eV in DMSO < 2.391 eV in
water at LANL2DZ basis set. The similar trend was found for the other studied basis sets.

The chemical potentials (u) of iopromide in the ground state increases in the order; gas > chloroform > acetic
acid > ethanol> DMF > DMSO> water for LANL2DZ basis set. Therefore, if it is desired to have highest chemical
potential, iopromide in the ground state, then out of five solvents studied chloroform is the best, however it is the
best in gas phase. The same order is found for the CEP-4G, CEP-31G, CEP-121G and DGDZVP basis sets.

The electrophilicity (w) of iopromide molecule has been found to possess high electrophilicity in the ground in
water, then follow DMF and DMSO solution. The electrophilicity index of iopromide molecule has been found to
possess small in the ground in gas phase. Nucleofugality (¢€) is the highest in gas phase for studied basis sets.

The electron density of phenyl group was calculated and presented in Table 2. As seen of the Table 2, negative
electron density on the phenyl group means that substituents in the ring increased the available electron density
in the ring. It was found that, as electron density in the ring changed in the order; gas > water > DMSO > DMF >
ethanol > acetic acid > chloroform for LANL2DZ basis set. The electron density of the ring is found biggest in the
gas phase for studied basis sets.

Table 2. Electron density of phenyl group.

Method Gas Chloroform Acetic acid Ethanol DMF DMSO Water

B3LYP-CEP-121 -0.16482 -0.16345 -0.16316 -0.16357 -0.16362 -0.16367 -0.16369
B3LYP-CEP-31 -0.16028 -0.15914 -0.15934 -0.15969 -0.15975 -0.15977 -0.15981
DGDVZ -0.16512 -0.15368 -0.15332 -0.15124 -0.15269 -0.15121 -0.15118
LANL2DZ -0.17452 -0.17172 -0.17185 -0.17228 -0.17233 -0.17235 -0.17238

In the present study the electronic dipole moment, molecular mean polarizability (<a> determined by considering
only the diagonal elements, anisotropy of polarizability (Aa), and Kappa of the title compounds has been
calculated using the following expressions (Eq. 9), and shown in Figure 5.

a= §(axx +ay, + a;;)

1
_ (axx - ayy)z + (ayy - azz)z + (azz - axx)z + 6(“9%2 + a%y + a32/z) z

A
@ 2

K = (adxt+aby+az;) 9)
6<a>2

Since the values of the polarizabilities (o) and first-order hyperpolarizability () of Gaussian 09 output [43] are

reported in atomic units (a.u.), the calculated values have been converted into electrostatic units (esu) (o: 1 a.u. =

0.1482 x10-%* esu; B: 1 a.u.= 8.6393 x10-33 esu) [44].
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Figure 5. The calculated polarizability values.

In Figure 6 the comparison between CEP-4G, CEP-31G, CEP-121G, DGDZVP and LANL2DZ basis sets on the
calculation of mean polarizability (<o), anisotropy of polarizability (Aa) and Kappa was given. Polarizations are
the dynamic response of a connected system and gives an idea of the internal structure of a molecule.
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Figure 6. The calculated anisotropy polarizability values.

Polarizability of iopromide calculated by B3LYP/LANL2DZ, changed from 43.56x10-2¢ esu (gas phase), to
(chloroform, acetic acid, ethanol, DMF, DMSO and water are 53.57x10-24 esu, 54.44x10-2* esu, 56.56x10-24 esu,
56.80x10-24 esu, 56.91x10-24 esu, 57.07x10-24 esu, respectively). In the same way, polarizabilities calculated
with the other basis sets also significantly changed with changing medium polarity.

Increase in the polarizability of iopromide was 21%, 25%, 24%, 27% and 24% for CEP-4G, CEP-31G, CEP-121G,
DGDZVP and LANL2DZ basis sets, respectively. Janjua reported that values of polarizability increase were 78%,
121% and 156% for B3LYP, CAM-B3LYP and LC-B3LYP, respectively [45]. Mikkelsen et al. [46] reported that
values of polarizability increase about 18% in water solution compared with the gas phase. Bartkowiak and
Lipinski reported a 9% increase for the polarizability value in water compared with the gas phase [47].
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Anisotropy polarizability of iopromide calculated by B3LYP/LANL2DZ, changed from 20.81x10-2¢ esu (gas
phase), to (chloroform, acetic acid, ethanol, DMF, DMSO and water are 23.91x10-2% esu, 24.18x10-%* esu,
24.85x10-%4 esu, 24.93x1072% esu, 24.96x10-2* esu, 25.01x10-2% esu, respectively. In the same way,
polarizabilities calculated with the other basis sets also slightly changed with changing medium polarity.

The complete equation for calculating the magnitude of the total first static hyperpolarizability from Gaussian 09
output is given as the equation 10.

1/2

B = (BZ+ B +B2)

/
B = [(Beax + Beyy + Besa)’ + (Byy + Byoe + Bue)’ + Brve + B + Busy)’| (10)

Since the values of the polarizability a and the first hyperpolarizability 3 of Gaussian 09 output are reported in
atomic units (a.u.), the calculated values have been converted into electrostatic units (esu) (f: 1 a.u. = 8.6393
x10-33 esu). Table 3 listed B3LYP method with the CEP-4G, CEP-31G, CEP-121G, LANL2DZ basis sets in gas phase
and different solvents such as chloroform, acetic acid, ethanol, results of the first hyperpolarizability  for iopromide.
The highest value of first hyperpolarisibility is calculated by Cep-4G basis set is equal to 4.64x10-30 esu. The
calculated first hyperpolarizability 3 by LANL2DZ, CEP-4G, CEP-31G, CEP-121G and DGDZVP basis sets are equal to
2.94x10-30 esu, 4.43x10730 esu, 3.10x10730 esu, 3.99x10-30 esu and 3.18x10-3° esu, respectively.

Table 3. First hyperpolarizability 8 for iopromide as values x10-30.

Phase LANL2DZ Cep-4G Cep-31G CEP-121 DGDZVP
Gas 294 443 3.10 3.99 3.18
Chloroform 3.07 4.55 3.21 3.95 3.95
Acetic acid 3.05 4.56 3.06 3.99 4.00
Ethanol 2.96 4.62 2.84 3.85 4.22
DMF 295 4,63 2.96 3.83 411
DMSO 2.94 4.64 2.95 3.82 4.21
Water 293 4.64 2.77 3.80 421

The standard statistical thermodynamic functions such as heat capacity, entropy and enthalpy changes for
iopromide in gas and solvent phase (chloroform, acetic acid, ethanol, DMF, DMSO and water) were obtained from
the theoretical harmonic frequencies on the basis of vibrational analysis at B3LYP/LANL2DZ level and presented
in Figure 7.

Thermodynamic parameters in gas and solvent media were found to be varied with varying temperature. The
computed values of heat capacity were observed to increase with the increasing temperature. The value of heat
capacity was found at 200 K as 94 cal/mol; at 500 K as 174 cal/mol; and at 1000 K as 239 cal/mol. The similar
trend was found for the solvent media. The value of heat capacity is the smallest in gas phase for the all
temperatures studied except 200 K. And at the temperature between 230 K and 1000 K heat capacity value
increase from ongoing gas phase to the water phase. The computed values of entropy and corrected enthalpy
were observed to increase with the increasing temperature in gas phase and solvent media studied due to the
fact that main contributions to the thermodynamic functions are from the translations and rotations of
molecules at a lower temperature, however, the vibrations in the high temperature contribute more to their
thermodynamic functions the molecular vibrational intensities increase with temperature [48].
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Figure 7. Thermodynamic properties at different temperatures at the B3LYP/LANL2DZ level of iopromide.

The correlation equations between temperatures and heat capacities, entropies, enthalpy were fitted by
quadratic formulas, and the corresponding fitting factors (R?) for heat capacity entropy and enthalpy are 0.9998,
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0.99999 and 0.9998, respectively, and the corresponding fitting equations for these thermodynamic functions for
gas phase are C = -0.0002T2 + 0.3808T + 24.649, S = -0.0001T? + 0.4893T + 103.66 and H= 9E-05T2 + 0.0821T +
90876.

Fitting equations for heat capacity entropy and enthalpy and correlation coefficient in solvent media are given in

Table 4.

Table 4. Equation and Correlation coefficient between temperatures and heat capacities, entropies, enthalpy.

Media Heat Capacity Entropy Enthalpy

Gas C=-0.0002T2 + 0.3808T + 24.649 S=-0.0001T2 + 0.4893T + 103.660 H =9E-05T2+ 0.0821T +9.0876
R%=0.9998 R%=0.9999 R%=0.9998

Chloroform C=-0.0002T2 + 0.3739T + 26.421 S=-0.0001T2 + 0.4904T + 103.730 H=9E-05T2 + 0.0824T - 9.1085
R%=0.9996 R%=0.9999 R%=0.9998

Acetic acid C=-0.0002T2 + 0.3629T + 30.880 S=-0.0001T2 + 0.4992T + 99.977 H =9E-05T2 + 0.0828T - 9.2518
R%?=0.9971 R%=0.9995 R%=0.9998

Ethanol C=-0.0002T2 + 0.3807T + 24.301 S=-0.0001T2 + 0.5008T + 99.927 H=1E-04T2 + 0.0729T - 15.976
R%=0.9995 R?=0.9998 R?=0.9994

DMF C=-0.0002T2 + 0.3801T + 25.143 S=-0.0001T2 + 0.4906T + 103.140 H =9E-05T2+ 0.0828T - 9.2518
R%=0.9998 R%=0.9999 R%=0.9998

DMSO C=-0.0002T2 + 0.3749T + 26.055 S=-0.0001T2 + 0.4919T + 102.610 H =9E-05T2 + 0.0836T - 9.5952
R%=0.9992 R%=0.9996 R*=0.9986

Water C=-0.0002T2+0.3721T +27.819  S=-0.0001T2+ 0.4889T + 103.720 H =9E-05T2+ 0,0828T -9.2518

R*=0.9996

R*=0.9999

R*=0.9988

All thermodynamic calculations were done in gas phase and chloroform, acetic acid, ethanol, DMF, DMSO and
water media. These data supply helpful information for the further study on the iopromide.

4. Conclusion

In the present work, we have performed density functional theory calculations B3LYP method with the CEP-4G,
CEP-31G, CEP-121G, DGDZVP, LANL2DZ basis sets in gas and other solvent phases, and solution electronic properties
iopromide. Molecular properties such Exomo, ELumo, global hardness, chemical potential, global electrophilicity,
nucleofugality and electrofugality were calculated. Solvent ability in engaging to structure of the compound can
influence energy levels as well as HOMO or LUMO levels, and the parameters related with HOMO and LUMO
energies.

In addition to thermodynamic properties of this molecule was calculated B3LYP/LANL2DZ method for gas and
solvent media. The correlations between the statistical thermodynamics and temperature were obtained. It is
seen that the heat capacities, entropies and enthalpies increase with the increasing temperature due to
intensities of the molecular vibrations increase with increasing temperature.
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Anahtar Kelimeler 0z: Tedarikgi secim siireci, isletme ihtiyaclarini karsilayabilme yeterliligi en

Tedarikgi Se¢imi yiiksek olan tedarikciyi secme olgusuna dayandigindan tedarik zincirinde

Gok Kriterli karar verme verilmesi gereken en onemli Kararlar arasinda yer almaktadir. Secim

Bulanik EDAS siirecinde sadece nicel ya da nitel kriterleri dikkate almanin 6tesinde isletme
faaliyetlerini etkileyen tiim alternatif kararlar degerlendirilir. Bu ¢alismada
tedarik zinciri yonetiminin 6nemli bir halkasi olan tedarik¢i secim siireci,
Kayseri’'de faaliyet gosteren bir isletmenin ara¢ satin alma siirecine yonelik
uygulanmistir. Yontem olarak bulanik EDAS (Ortalama C6ziim Uzakligina Gore
Degerlendirme) yontemi kullanilmistir. Calismanin karar kriterleri literatiirde
sunulan ve yontemi kullanilmistir. Calismanin karar kriterleri literatiirde
sunulan ve agirlikta degerlendirme siirecinde ele alinan kriterlerden
olusturulmustur. Calisma sonucunda degerlendirilen kriterler arasinda iiriin
kalitesi en 6nemli kriteri olustururken en uygun tedarikgi ise birinci tedarikei
olarak tespit edilmistir

Supplier selection in fuzzy environment

Keywords Abstract: The supplier selection process is an important decision that was
Supplier selection made in the supply chain, as it is based on the fact of choosing the supplier
Multi-criteria decision with the highest ability to meet business needs. In the selection process, all
making alternative decisions that affect business activities are evaluated, not only
Fuzzy EDAS L1 o s . . .
considering the quantitative or qualitative criteria. In this study, the supplier
selection process, which is an important link of supply chain management,
was applied for the vehicle purchase process of an enterprise operating in
Kayseri. For the aim of the study, we used Fuzzy EDAS((Evaluation based on
Distance from Average Solution) method. The decision criterias of the study
were established from the criterias that were given in the literature.
According to the results, product quality was seen as the most important
criteria, and the most suitable supplier was seen as the first supplier.

*[1gili Yazar, email: fzarali@gmail.com

1.Giris

Komplike bir yap1 gdsteren isletmeler, inovasyon ya da yikici etki yaratan gelismelere ulasma ve giincel
adimlar atabilme adina teknik, operasyonel, yonetsel ve siirdiiriilebilir stratejik tercihlere ihtiyag
duymaktadir. Bu gereksinim ise miisteri taleplerindeki artis, teknolojik imkanlar ve yenilikler diizeyindeki
degisimlere baglh olarak miisteri ihtiyaclar: farklilasmis ve daha diisiik fiyat ile daha yiiksek kalitenin ayni
anda talep etmeye baslanmasindan ileri gelmektedir [1]. Isletmelerin miisteri ihtiyaclar1 ve
beklentilerinde yasanan degisime cevap verebilmesi tedarik siirecini etkin yonetebilmesi ile miimkiin
olabilmektedir.

Tedarik siireci, firmanin mevcut durum analizi sonucunda ihtiyacin ortaya ¢ikmasi ile baslamaktadir.
Isletmeler tedarik siirecinde karar alirken; rekabet kosullarinda varhigin siirdiirme, kaynaklar1 maliyet-
etkililik dogrultusunda yonlendirme, rekabet istiinligiinin siirekliligi, ortalamanin {izerinde gelir elde
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etme gibi unsurlari etkilemesi bakimindan uygulama asamasinda hangi yontemin benimsenecegine iliskin
birbiriyle c¢elisen pek ¢ok kriter etken olabilmektedir. Karar siirecinin karmasik yapisi, icinde
bulundugumuz zaman dilimine gore sekillenmesi ayrica kararlarin farklilasmasi ve sayica artmasi yeni
yontem onerilerini bir bakima zorunlu kilmaktadir [2]. Ancak karar verme siirecinde belirsizlikleri daha
net bir bicimde ortaya koymak yerine yalmizca niceliksel kriterler dikkate alinarak model yapisini
belirleme [3], eksik bilgiler ve yanlis tercihler gibi bir¢ok etki faktori dikkate alinmamaktadir [4].

Tedarikei secim problemi, ¢ok sayida alternatif arasindan ihtiyaglara cevap verebilme yetisi en yiiksek
olan kriterleri se¢gme zorlugudur. Kararlarin dogru bir bicimde alinmasi ise tedarikcilerden miisteriye
kadar uzanan siireg icerisinde [5], islevsel alanlarda daha fazla iletisim, etkilesim ve bilgi akisini saglayan
analitik yontemlerin varhign ile ilgilidir [6]. Isletmeler icin kisa, orta ve uzun vadeli hedeflerin
gerceklestirilmesinde maksimum fayda getirecek tedarikei secimi, cok sayida kriterin dikkate alinmasi ile
gerceklestirilir [7]. Bu nedenle ¢ok kriterli bir problemdir ve en iyi tedarikei secimi icin ¢eligkili maddi ve
maddi olmayan faktorler arasinda bir takas yapmay1 [8] bunlarla birlikte sistematik ve seffaf bir yaklasim
surecini gerektirmektedir [9]. Ayrica organizasyonlar icin verilmesi gereken en onemli kararlar [1]
arasinda olmakla birlikte bir dizi fiyat listesini taramaktan ¢ok daha fazlasinm gerektirir ve se¢im hem nicel
hem de nitel degiskenleri iceren ¢ok ¢esitli faktorlere bagli olabilmektedir [10].

Karar verme asamasinda bir¢ok kriterin kisithlik gdstermesi nedeniyle karar alim siireci bulanik bir
ortamda gergeklestirilirken karar alimi da oldukea giictiir. Karmasikliga yol agan bulanik ortam, girdi
verilerindeki belirsizlik olarak ifade edilebilir [11]. Zadeh, karar verme slireglerinde belirsizliklerle basa
¢ikmak icin bulanik kiime teorisini gelistirmistir [12]. Bulanik kiime teorisi, tedarik¢i se¢cim probleminde
belirsizligin oldugu durumlarda kullanilmaktadir [13]. Bu dogrultuda tedarikgi se¢im siirecinin yaratmis
oldugu belirsizlik bulutunun 6niine gegcmek ve karar verme asamasinda ¢ok kriterli karar verme
yontemlerinden bulanik EDAS kullanilarak tedarikgiler arasindan en uygun ve verimli olanim1 segmek
¢alismanin amacini olusturmaktadir.

2. Literatiir Taramasi
2.1. Tedarik Zinciri Yonetimi

Tedarik zinciri yonetimi literatiirde dikkat ¢ekmekle [14] birlikte arastirmacilar tarafindan farkh
vurgulamalarda bulunularak tanimlamasi yapilmistir. Genel bir ifade olarak tedarik zinciri, mallarin bir
yerden bir yere tasinmasi degil [15] yonetim, iiretim ve tedarik siirecinin her bir elemanin hammaddeden
son kullaniciya kadar cesitli 6rgiitsel sinirlar1 kapsayan bir zincir olarak ifade edilmektedir [16]. Baska bir
tanimda ise; ana miisterilere, tiriinlere, hizmetlere ve diger paydaslara deger katan [17], bitmis bir tiriiniin
son kullaniciya veya miisteriye tesliminde yer alan karmasik bir faaliyet aginin koordinasyonu [18], i¢-dis
tedarik zinciri [19] ve tedarik zincirinin faaliyetlerini verimli bir sekilde planlama, uygulama ve kontrol
etme siireci seklinde ifade edilmektedir [20].

Kiiresellesme olgusu, iletisim ve bilgi teknolojisinde meydana gelen yikia etkilerler birlikte, rekabetci
baskilarin artmasi isletmeleri hayatta kalabilme ve varligini siirdiirebilme baglaminda belirli standartlara
yonlendirmektedir [21]. Buna bagh olarak isletmelerin rekabet edilebilirligi acisindan ihtiyaglara hizli
cevap verebilecek diisiik maliyet ve yiiksek kalitede hizmet sunumu, miisterilere mal ve hizmet saglamak
icin karar verme siireclerinde koordine, entegre tasarimi ve tim bilesenlerin kontroliine cevap
verebilecek tedarik zincirini gelistirmeye zorlamaktadir [22]. Tedarik zinciri yonetiminde etkinligi ve
basariy1 saglamak icin tiiketicilere en optimal bicimde ulasma yollar1 ve karsilasilacak engellerde nasil bir
yontem ile Ustesinden gelinecegi vurgulamasi yapilirken miisteri beklentileri, kiiresellesme, bilgi
teknolojisi, hiikiimet diizenlemeleri, rekabet ve ¢evre unsurlari da karar siirecine dahil edilmelidir [18]. Bu
dogrultuda tedarik zinciri yonetimi, degisimlere hizli cevap verebilme, ihtiyaclara en iyi sekilde uyum
saglamak icin gelisim ve degisim aktivasyonu [23], islevler arasin entegrasyon ile sinerji yakalamay1 [24],
en iyi tedarik zinciri konfigiirasyonunu bulma [20], verimlilik ve rekabet avantajin1 artirma [16], uzun
vadeli performans iyilestirme [17], dogru nitelikte, dogru miktarda {iriiniin hasarsiz ve tam zamaninda
aktarimi [25] ve maliyet avantajini 6ngoérmektedir.

2.2. Tedarikgi Secim Siireci Ve Se¢cim Kriterleri

Tedarikei secimi, ihtiya¢ arz1 gosteren hammaddelerin, yar1 mamullerin, gerekli malzeme ve ekipmanin
kimden ve ne kadar satin alinacaginin belirlenmesidir [26;27]. Tedarik¢i se¢iminin amaci, bir firmanin
ihtiyaclarini stirekli ve kabul edilebilir bir maliyetle karsilama potansiyeli en yiliksek tedarikg¢ilerin tespiti
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[28] baska bir ifade ile siireclerin uyumlastirilmasiyla en uygun tedarik¢inin secilmesidir [29]. Bu nedenle
“optimal ortaklar” se¢me, sistematik, seffaf ve hedefe yonelik bir tedarik¢i ydnetim siirecini
gerektirmektedir [30;9]. Ancak tedarikgi secim siireci sadece fiyat ve kalite beklentisinin 6tesinde, alicinin
ozel iretim ihtiyaclarini karsilama [31], uzun vadeli ve stratejik uyum gibi niteliksel kriterler ile
“gelecekteki iiretim yeteneklerinin degerlendirilmesi” gibi kalitatif kriterleri [3;32], hizmet esnekligi ve
degisikliklere cevap vermeyi icermektedir [7]. Mendoza [33] tarafindan gelistirilen etkin bir tedarikgi
se¢im stireci; uygun tedarikgi i¢in ihtiyacin kabul edilmesi, satin alma Kkriterlerinin ve stratejilerinin
tespiti, tedarik kaynaklarinin belirlenmesi, tedarikg¢ilerin siiflandirilmasi, uygun secim yontemi ile
tedarikgilerin se¢imi ve son asama nihai s6zlesmenin imzalanmasi olarak ifade edilmis ve bu olgunlasma
stireci Sekil 1’e yansitilmistir [33].

Tedarikei Satin alma Satin alma Potansiyel
se¢imi igin ihtiyaglarmi ve stratejisini tedarik
ihtiyacin kriterlerini belirleme kaynaklarini
belirlenmesi tanimlama belirleme
csimive Nihais segim navuzundak
séilesme ynteminin tedarikgileri
: belirlenmesi
imzalanmasi sinirlandirma

Sekil 1.Tedarikgi Se¢im Siireci

Belirtilen degerlendirmeler dogrultusunda tedarik¢i se¢im siireci, en iyi tedarikeileri bulmak igin geliskili
maddi ve maddi olmayan faktorler arasinda bir denge kurarak tedarik maliyetini en aza indirmeyi, ayni
zamanda kalite ve hizmet performansini en iist diizeye ¢ikarmay1 hedefleyen ¢ok amach bir karar verme
problemidir [34]. Tedarik¢i se¢imine yo6nelik ilk c¢alismalardan biri Dickson [35] tarafindan
gerceklestirilmis ve Dickson, satin alma ydneticilerinden elde edilen verilere dayanarak tedarikei se¢imi
icin 23 dnemli degerlendirme kriteri belirlemistir. Bu kriterler arasinda iiriin kalitesi, teslimata yonelik
gecmis performans ve garanti politikasi en énemli li¢ kriter olarak ifade edilmistir [27]. Tedarik¢i secim
strecine yonelik gerceklestirilen ¢alismalarda kalite, fiyat, esneklik, zamaninda teslimat gibi kriterler
lizerine odaklanilmistir. Swift [29] tedarik kararlarinda satin alma yoéneticileri arasinda farkliligin olup
olmadigini belirlemeye yonelik gerceklestirilen calismada, tedarikei se¢im kriterleri olarak fiyat, liriiniin
glvenirligi, mevcut teknik destek ve iirliniin toplam maliyeti olarak ifade edilmistir. Weber ve Ellram [31]
satin aliciya karar verme siirecinde belirli alternatifler sunarak ¢ok amagh bir programlama modeli
gelistirilmis ve tedarik¢i seciminde fiyat, kalite ve teslimat Kkriterlerine vurgu yapilmistir. Hikansson ve
Wootz [36] tedarik¢i seciminde alic1 kararin etkileyen kriterleri, tedarikei 6zellikleri (itibar ve biiyiikliik)
ve teklif 6zellikleri (fiyat ve kalite) olarak iki gruba ayirmislardir. Humphreys ve arkadaslar [37] ¢evresel
faktorleri tedarikei se¢im siirecine entegre eden bilgi tabanli bir sistem gelistirilerek bu sistemde fiyat,
kalite ve esneklik kriterleri dikkate almmgtir. Oz ve Baykog [38] uzman sistemlerinin diger yontemlere
gore daha gergekei sonuclar verdigini ve tedarik¢i degerlendirme ve segme asamasinda tiim bilesenler i¢in
gecerli olan fiyat, kalite ve teslimat zamani kriterlerini belirlemislerdir. Pi ve Low [39] gereksinimleri
karsilayacak tedarikeileri kalite, zamaninda teslimat, fiyat ve servis gibi birden fazla kriter bakimindan
degerlendirmeye dahil etmislerdir. Ozel ve Ozyoriik [5] bulanik aksiyomatik tasarim kullanilarak tedarikgi
secim siirecini etkileyen kriterleri; fiyat, kalite esneklik ve teslim siiresi bakimindan degerlendirmislerdir.
Son olarak Sarkis ve Talluri [40] stratejik ve operasyonel faktorler iizerinde kalite, teslimat ve esneklik
gibi kriterleri etkisini vurgulamislardir. Tedarikei secimiyle ilgili belirtiler dogrultusunda uygun tedarikgi
secimi icin kalite, fiyat, esneklik ve teslimat performanslari gibi bir¢ok nicel ve nitel faktorler dikkate
alinmahdir [4].

Calismalarda tedarikei se¢im stireci farkli kriterler ile ele alinmakla birlikte secim siirecinde de farkh

yontemlerin uygulandigi gozlemlenmistir. Bu ydntemler arasinda ¢ok kriterli karar verme (CKKV)
yontemi genis bir kullanim alanina sahiptir. Literatiirde CKKV ydntemlerinin kullanildig1 calismalar
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incelendiginde genel olarak; personel secimi, birimlerin etkinliklerinin 6l¢iilmesi, tedarik¢i se¢imi ve
yatirim alternatiflerinin degerlendirilmesi gibi alanlar1 kapsamaktadir. Bu baglamda CKKV, karar siirecini
kriterlere gore modelleme ve karar vericinin siire¢ sonunda elde edecegi faydalar1 en biiyiikleyecek
sekilde analiz etme stlrecine dayanir [2]. Cok kriterli karar verme siireglerinde genellikle AHP
[41;42;43;44;45;46],TOPSIS [47;48;49;50], ELECTRE [51:52;53], VIKOR [54;55;56;57] ve PROMETHEE
[58;59;60;61] yontemleri kullanilmaktadir.

Insan kararlar1 ve tercihleri genellikle belirsiz olmakla birlikte kesin bir sayisal degerle tahmin
edilemediginden dolay1 ger¢ek hayat durumlarini modellemek i¢in veriler yetersiz kalmaktadir [62;63].
Bu gibi durumlarda bulanik kiimeler teorisi belirsizliklerle basa ¢ikmada en iyi araglardan biridir [64].
Literatlirde belirsizlikleri ortadan kaldirmak i¢in ¢ok kriterli karar verme yontemleri olarak Bulanik
Analitik Hiyerarsi Prosesi, Bulanik Agirlikli Carpim, Bulanik Agirlikli Toplam, Bulanik PROMETHEE ve
Bulanik TOPSIS yontemleri oOnerilmektedir [65;66;67;68;69]. Arastirmada belirsizlikleri ortadan
kaldirmak igin gelistirilen ¢ok kriterli karar verme yontemlerinde yeni bir yaklasim olan Bulanik EDAS
yontemi kullanilmistir.

3. Bulanik Mantik

Gergek hayat problemleri bir¢ok belirsiz kisitlar icermektedir ve karar vericiler alternatiflerin sonuglarini
kesin sayisal ifadelerle degerlendiremezler. Bu nedenle, verilerde olabilecek eksiklikler ve karar vericinin
algisina dayanan belirsizlikler icin bulanik mantik en etkili ve en uygun yontemdir [70]. Bulanik mantik,
1965 yilinda Zadeh tarafindan gelistirilmistir. Zadeh, bulanik mantik da kesin belli olan degerler yerine
yaklasik degerler kullanmis ve bilgi cok az, az, kiiciik, biiylik seklinde dilsel ifadeler ile tanimlanmistir [71]
Bu calismada belirsiz ortamlarda tedarike¢i se¢cim problemini ele almak icin yeni bir yontem olan Bulanik
EDAS yaklasimi énerilmistir. Onerilen yoéntemde alternatifler ve kriterlerin degerlendirilmesinde iiggen
bulanik sayilar kullanilmistir. A= ( a4, a,,a3) bulanik say1 olmak tlizere Esitlik 1’de tiggen bulanik sayinin
tiyelik fonksiyonu verilmistir Ghorabaee ve digerleri [72]

X—a
— a; <x<a,
pa(x) = :32_;1 Ve 0 diger durumlarda @8]
a, <x<aj
az—ap

Iki iiggen bulanik say1 A ve B olmak iizere A = (ay,ajas), B = (by, by bs) ve k sabit sayisinin bulanik
sayilarla aritmetik islemleri Esitlik 2’den Esitlik 9’a kadar asagida tanimlanmuistir.

¢ Toplama:
A @B = (a;, +by,a, + by,az + b;) (2)
A+k=(a; +ka,+kas+k) (3)
e Cikarma:
AB© B = (a, —bs,a, — by, a; — by) (4)
A—k=(a,—ka, —k,a; —k) (5)
e Carpma:
AQ B = (a; X by,a; X by,as X by) (6)
= e i ek 20 ”
e Bolme:
A Q@ B = (a,/bs,a,/by,as/by,) (8)
At = i ) cger k= 0 ©

459


https://www.sciencedirect.com/topics/engineering/fuzzy-set-theory

Bulanik Ortamda Tedarikei Segimi

A = (ay,a; a3) lggen bulanik sayisi olmak iizere A bulanik sayisinin durulastirilmis degeri esitlik 10’da
verilmistir.
k(4) = (a; + az + az)) (10)
A = (ay,a; a3) uggen bulanik sayisi olmak tizere A bulanik sayisi ile sifir arasindaki maksimum degeri
bulmak i¢in (1) fonksiyonu tanimlanmistir. 1 (4) fonksiyonu esitlik 11'de verilmistir.
A egerk(A)>0
W(A) = {0 eger k(A) < 0 (1)
4.Bulanik Edas Yontemi
EDAS yontemi, Ghorabaee ve ark. [73] tarafindan onerilmis ¢ok kriterli karar verme yontemlerinden
birisidir. Ghorabaee ve ark. [72] EDAS yontemini bulanik kiime yaklasimi ile birlestirerek Bulanik EDAS
yontemini gelistirmislerdir. Bulanik EDAS yontemini, tedarik se¢imi problemi i¢in kullanmislar ve 5
tedarikgei firmayi 6 kritere gore degerlendirip secim yapmislardir. Ghorabaee ve ark. [74] EDAS yontemini
aralikl ikinci tip bulanik sayi ile birlestirerek taseron firma secimi icin kullanmistir. Calismada, ingaat
sektorii i¢in 8 alternatif ve 7 kritere gore taseron firma se¢imi yapilmistir. Stevic ve ark. [75] pvc dograma
reticisi se¢imi, Zhank ve ark. [76] yesil tedarik secimi, Bayrakdaroglu ve Kundakgi [77] ar-ge proje
se¢imi i¢in, Stevic ve ark. [78] tedarik sec¢imi i¢cin Bulanik EDAS ydntemini kullanmislardir. Ayrica
Kahraman ve ark. [79] EDAS yontemini sezgisel bulanik sayilarla birlestirerek sezgisel Bulanik EDAS
yontemi ile Stanujkic ve ark. [80] EDAS yontemini gri sayilarla birlestirerek gri EDAS yontemini
gelistirmislerdir.
Bu ¢alismada, bulanik EDAS yontemi kullanilarak tedarik secimi yapilmistir. Karar vericiler, kriterlerin
agirliklarini ve her bir kritere gore alternatiflerin derecelendirmelerini sozel terimlerle ifade etmisler ve
bu sozel terimler, liggen bulanik sayilara dontstiiriilmiistiir. Alternatifler kiimesi A, kriterler kiimesi K ve
karar vericiler kiimesi KV olmak iizere bulanik EDAS yonteminin adimlari asagida verilmistir [72]

A= {AI' Az, ...... An}
K ={K;,Ky, ... ..KCpy} (12)

KV = {KV,KV,, ...... KV, }

Adim 1: Birlestirilmis karar matrisi asagidaki gibi olusturulur:
X= [xij]mxn (13)
X = %@’5:195? (14)

xlpj degeri 4; (1 s i < n) alternatifinin p.inci karar verici tarafindan (1 < p < k) atanan K; (1 < j s m) Kriteri
altinda aldig1 performans degerini gostermektedir.

Adim 2: Kriter agirliklar1 matrisi asagidaki gibi olusturulur:

w=[wl,_ (15)
1

w; =@ w! (16)

ij, Kj (1 <j < m) kriterinin p. (1 < p < k) karar verici tarafindan atanan agirlik degeridir.
Adim 3: Ortalama ¢6zlim matrisi asagidaki gibi olusturulur:

AV = [av] (17)
1
avj = ;@gzlxij (18)

avj matris elemanlari her kriter igin alternatiflerin ortalama ¢6ziim degerini ifade etmektedir. Bu nedenle
bu matrisin boyutu kriter agirliklari matrisi boyutu ile esittir.
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Adim 4: B kiimesi fayda kriterlerini ve N kiimesi maliyet kriterlerini gostermektedir. Bu adimda, kriter
tiplerine gore (fayda ve maliyet) ortalamadan pozitif uzaklik matrisi (PDA) ve ortalamadan negatif uzaklik
matrisi (NDA) asagidaki gibi hesaplanir:

PDA = [pdai}-]nxm (19)

NDA = [nda;;] (20)

¥(xijOav))
k(avj)

Y(avjOx;j)
k(avj)

1[)((117]9}(”)
k(avj)
Y(x;jOav;)
k(avj)

ndai]- = (22)

pda;; ve nda;; j.alternatifin i kriter icin ortalama ¢6ziim degerinden pozitif ve negatif uzakhik performans
degerini gostermektedir.

Adim 5: Biitiin alternatifler i¢cin agirliklandirilmis pozitif ve negatif uzaklik degeri asagidaki gibi
hesaplanir:

Sp; = 6371:1(Wj ® Pdaij) (23)
sn; = EB}":l(wj ® nda;;) (24)

Adim 6: Biitiin alternatifler i¢in sp; ve sn; normalize degerleri asagidaki gibi hesaplanir.

_ spi

nspi = max;(k(sp;)) (25)
sni

nsn; =1— ey — (26)

Adim 7: Biitiin alternatifler i¢in degerlendirme skoru (as;) asagidaki gibi hesaplanir.

as; = %(nspiGB nsn;) (27)

Adim 8: Alternatifler degerlendirme skorlarina gore (as;) biiyiikten kii¢iige siralanir. Degerlendirme skoru
biiytik olan en iyi alternatif olarak belirlenir.

5.Uygulama

Bu bdliimde, onerilen bulanik EDAS yontemi ile tedarik se¢im problemine ¢6ziim gelistirilmistir. Alt1
alternatif tedarik¢i firma (A1,A2,A3,A4,A5A6) alaninda uzman 5 karar verici tarafindan
degerlendirilmistir. Alternatiflerin degerlendirilmesinde, 16 kriter belirlenmistir. Bu kriterler; iiriin fiyati
(K1), iiretim kapasitesi (K2), tiriin kalitesi (K3), tedarik zamani (K4), talep degisim esnekligi (K5), kalite
alt yapisi (K6), finansal yapis1 (K7), garanti politikalar1 (K8), servis imkanlar1 (K9), Tiirkiye ortakliklarina
ulasim (K10), milli imkan kullanimi (K11), cografi yakinlik (K12), firmanin referanslar1 (K13), Ar-Ge
yatirim oranlar1 (K14), inovasyon performansi (K15), iletisim kanallar1 (K16) dir. Kriterler arasindan tiriin
fiyati (K1), maliyet kriteri ve diger kriterler fayda kriteri olarak degerlendirilmistir. 5 karar verici
tarafindan kriterler Tablo 1° deki [81] sozel degiskenler kullanilarak degerlendirilmistir. Bu
degerlendirme sonuglar1 Tablo 2’te verilmistir. Ayrica 6 alternatif, her bir kritere gore 5 karar verici
tarafindan Tablo 2° de yer alan soézel degiskenler kullanilarak degerlendirilmis ve sonuglar Tablo 3’te
verilmistir.
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Tablo 1: Degerlendirmede kullanilan sézel degiskenler ve iicgen bulanik say1 karsiliklari

Sozel Degiskenler
Kriterlerin ve alternatiflerin degerlendirilmesinde kullanilan iiggen bulanik Sayilar

Cok diisiik (CD) 0 0 0,1
Diistik(D) 0 0,1 0,3
Orta Diisiik(OD) 0,1 0,3 0,5
Orta(0) 0,3 0,5 0,7
Orta Yiiksek (0Y) 0,5 0,7 0,9
Yiiksek (Y) 0,7 09 1
Cok yiiksek(CY) 09 1 1

Tablo 2: Dort Karar Verici Tarafindan Kriter Agirliklarinin Sézel Degiskenler ile Degerlendirilmesi

Kriterler KV-1 KV-2 KV-3 KV-4 KV-5

K1 cY Y ¢ Y Y

K2 cY Y Y Y Y

K3 CcY CY C¢Y <CY ¢Y
K4 Y Y ¢Y Y ¢Y
K5 Y D D 0 D

K6 Y ¢ ¢y Y Y

K7 0 D D D O

K8 Y Y Y 0 Y

K9 D Ob OD D D

K10 0 0O D 0 o

K11 Y Y Y ¢Y Y

K12 D Ob OD D D

K13 D D ¢D D (D
K14 0 Y D Y

K15 Y ¢ ¢y Y

K16 0 D 0 Y 0
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Tablo 3: Karar Vericiler Tarafindan Alternatiflerin S6zel Degiskenler ile Degerlendirilmesi

KV-5

Al A2 A3 A4 A5 A6|A1 A2 A3 A4 A5 A6|A1 A2 A3 A4 A5 A6|A1 A2 A3 A4 A5 A6|A1 A2 A3 A4 A5 A6

KI|{CY Y Y O D Y[CY Y Y Y O Y|C¢Y¥ Y O O D O|CY Y O O Y O|Y CY Y O Y Y

K2

KV-4

KV-3

KV-2

KV-1

Yy Yy b b o 0j]Yy ¥ 0D O DICYCY b o D O|Cy Y DY O O|]Y Y Y D O O

Yy ¢¢ 0 0 D D|Y ¢y O O Y D|]Y ¢y 0 O D D|]Y Y O O D D|]Y ¢&Y O O O O

Y Y D D¢be¢bjy ¢y o vy 0 oYy Y O D D O|CY Y DY O O|]Y Y O D O O

Yy Yy o 0o o oj¢y Y 0 0 0 D|Y Y O O O O|Y CY O O 0 O]Y Y Y O Y O

K3|¢y Y Y Y D O|]Y ¢y Y Y O D|Y Y Y O D O|Y CY Y Y D O|]Y Y Y O Y O

K4|Y C&Y O Y O Y|Y Y O O O Y|Y Y DY O Y|]Y Y DY O Y|Y CY O O Y O

K5 |¢Yy Y Y O O Y|Y ¥ O O O Y|]Y Y Y O O Y|YCYY O O D|CY Y Y O Y Y

K6|¢CY Y Y D D O|¢Yy Y Y D D D¢y Y Y Y O OfCy Y O Y D O|Y Y Y D D O

K7

K8

K9
KIoj¢y ¢&y Y Y Y Y|Y Y Y Y Y Y|]Y Y Y Y O Y|Y CY O Y Y Y|CYCY Y O Y Y

Kit1|¢y Y Y O Y OfCYy Y Y D Y Of€¢y Y Y O O O|ICY Y Y O Y O|]Y ¢&¥ Y O Y O

Ki2yy Yy Yy 0 D D|]Y ¢&¥ Y O Y O}Y Y Y D D O|Y Y Y Y D O|Y Y Y O Y O

Ki3;¢y ¢&y Y 0O 0O Oj]Y Y O O O O|lY ¢Y O O O O|]Y ¥ O O Y O|]Y CQy Y O O O

Ki4,Yy Y o0 D D D|Y Y O D D D¢y Y O D D D|ICY CY 0 Y D D|Y Y Y D Y D
Ki5|Y Y Y 0 O D|Y Y Y O Y Y|Y CY Y O O O|Y Y O O Y D|]Y CY Y O Y Y

KI6|CY Y Y Y Y Y|Y CY 0 O Y YI|CY Y Y O O Y|CY Y O Y Y D|YCYY O Y Y
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Karar vericiler tarafindan degerlendirilen alternatiflerin, bulanik degerleri ve bulanik kriter agirliklari
sirasiyla Esitlik 14 ve Esitlik 16 kullanilarak birlestirilmis ve Tablo 4'de verilmistir. Her bir kritere gore
alternatiflerin birlestirilmis bulanik degerleri Tablo 5°de verilmistir. Elde edilen birlestirilmis karar
matrisi kullanilarak Esitlik 18 yardimiyla her kriter icin alternatiflerin ortalama ¢éziim degerleri elde
edilmistir. Ortalamadan pozitif uzaklik matrisi (PDA) ve ortalamadan negatif uzaklik matrisi (NDA) Esitlik
19 ve 20 kullanilarak olusturulmustur. Tiim alternatifler i¢in ortalama degere olan pozitif ve negatif
uzakliklar Esitlik 21 ve 22 yardimiyla hesaplanmistir. Elde edilen bu degerler Tablo 6 ve Tablo 7’'de
verilmistir. Bu tablolardaki ortalamadan pozitif uzaklik ve ortalamadan negatif uzaklik degerleri elde
edilirken, ticgen bulanik sayi ile sifir arasindaki maksimum degeri bulmak icin Esitlik 12’de yer alan
fonksiyonundan faydalanilmistir. Daha sonra Esitlik 23 ve 24 kullanilarak pozitif ve negatif uzaklik
degerleri kriter agirliklar ile ¢arpilarak agirliklandirilmis pozitif ve negatif uzakliklar hesaplanmistir.
Uzaklik degerleri Esitlik 25 ve 26 kullanilarak normalize edilmistir. Normalize agirlikli uzaklik degerleri
Esitlik 27 kullanilarak her alternatif icin degerlendirme puani hesaplanmis ve hesaplanan tiim bu degerler
Tablo 8’de sunulmustur.

Tablo 4: Birlestirilmis Bulanik Kriter Agirhiklari

Kriterler Kriter Agirliklar

K1 0,78 0,94 1,00
K2 0,74 092 1,00
K3 0,90 1,00 1,00
K4 0,78 0,94 1,00
K5 0,20 0,34 0,52
K6 0,78 0,94 1,00
K7 0,06 0,26 0,46
K8 0,56 0,74 0,86
K9 0,04 0,18 0,38
K10 0,24 0,42 0,62
K11 0,74 092 1,00
K12 0,04 0,18 0,38
K13 0,00 0,06 0,58
K14 040 0,58 0,74
K15 0,78 0,94 1,00
K16 0,32 0,50 0,68
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Tablo 5:Karar Matrisi

Al A2 A3 A4 A5 A6 AV
K1 0,86 0,98 1,00 0,74 0,92 1,00 0,54 0,74 0,88 0,38 0,58 0,76 0,34 0,50 0,66 0,54 0,74 0,88 0,57 0,74 0,86
K2 0,78 0,94 1,00 0,74 0,92 1,00 0,20 0,34 0,52 0,20 0,34 0,52 0,24 042 0,62 0,24 042 0,62 0,40 0,56 0,71
K3 0,74 0,92 1,00 0,78 0,94 1,00 0,70 0,90 1,00 0,54 0,74 0,88 0,20 0,34 0,52 0,24 042 0,62 0,53 0,71 0,84
K4 0,70 0,90 1,00 0,78 0,94 1,00 0,18 0,34 0,54 0,54 0,74 0,88 0,38 0,58 0,76 0,62 0,82 0,94 0,53 0,72 0,85
K5 0,78 0,94 1,00 0,74 0,92 1,00 0,62 0,82 0,94 0,30 0,50 0,70 0,38 0,58 0,76 0,56 0,74 0,86 0,56 0,75 0,88
K6 0,86 0,98 1,00 0,70 0,90 1,00 0,62 0,82 0,94 0,28 042 0,58 0,06 0,18 0,38 0,24 042 0,62 046 0,62 0,75
K7 0,70 0,90 1,00 0,86 0,98 1,00 0,30 0,50 0,70 0,30 0,50 0,70 0,20 0,34 0,52 0,06 0,18 0,38 0,40 0,57 0,72
K8 0,74 0,92 1,00 0,74 0,92 1,00 0,18 0,34 0,54 0,28 042 0,58 0,18 0,32 0,50 0,24 0,40 0,58 0,39 0,55 0,70
K9 0,74 0,92 1,00 0,74 0,92 1,00 0,38 0,58 0,76 0,30 0,50 0,70 0,38 0,58 0,76 0,24 042 0,62 0,46 0,65 0,81
K10 0,78 0,94 1,00 0,82 0,96 1,00 0,62 0,82 0,94 0,62 0,82 0,94 0,62 0,82 0,94 0,70 0,90 1,00 0,69 0,88 0,97
K11 0,86 0,98 1,00 0,74 0,92 1,00 0,70 0,90 1,00 0,24 042 0,62 0,62 0,82 0,94 0,30 0,50 0,70 0,58 0,76 0,88
K12 0,70 0,90 1,00 0,74 0,92 1,00 0,70 0,90 1,00 0,32 0,50 0,68 0,20 0,34 0,52 0,24 042 0,62 0,48 0,66 0,80
K13 0,74 0,92 1,00 0,82 0,96 1,00 046 0,66 0,82 0,30 0,50 0,70 0,32 0,50 0,68 0,30 0,50 0,70 0,49 0,67 0,82
K14 0,78 094 1,00 0,74 0,92 1,00 0,38 0,58 0,76 0,20 0,34 0,52 0,14 0,26 0,44 0,00 0,10 0,30 0,37 0,52 0,67
K15 0,70 0,90 1,00 0,78 0,94 1,00 0,62 0,82 0,94 0,30 0,50 0,70 0,54 0,74 0,88 0,34 0,50 0,66 0,55 0,73 0,86
Ki6 0,82 096 1,00 0,78 0,94 1,00 0,54 0,74 0,88 046 0,66 0,82 0,62 0,82 0,94 0,56 0,74 0,86 0,63 0,81 0,92
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Tablo 6: Tiim Alternatiflerin Ortalamaya Pozitif Uzaklik Degerleri

Al A2 A3 A4 A5 Ab

K1 0,00 0,00 0,00 0,00 0,00 0,00 -0,43 0,00 045 -0,27 0,23 0,67 -0,13 0,24 0,72 -0,43 0,00 0,45
K2 0,00 0,00 0,00 0,00 0,00 000 -0,21 0,40 092 -0,21 0,40 0,92 -0,39 0,14 0,85 -0,39 0,26 0,85
K3 -0,14 0,30 0,67 -0,10 0,33 0,67 -0,20 0,27 0,67 -0,43 0,04 0,50 0,00 0,00 0,00 0,00 0,00 0,00
K4 -0,22 0,26 0,66 -0,13 0,31 0,66 0,00 0,00 0,00 -0,45 0,03 0,49 0,00 0,00 0,00 -0,33 0,14 0,58
K5 -0,13 0,26 0,60 -0,02 0,23 060 -0,35 0,10 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K6 0,17 0,59 0,88 -0,03 046 088 -0,22 0,33 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K7 -0,03 059 1,06 0,29 0,74 1,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K8 0,07 067 1,11 -0,10 0,67 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K9 -0,10 042 084 -0,27 042 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K10 -0,22 0,07 0,36 -0,08 0,10 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -0,32 0,03 0,36
K11 -0,02 0,30 0,57 -0,10 0,22 0,57 -0,24 0,19 0,57 0,00 0,00 0,00 -035 0,09 0,49 0,00 0,00 0,00
K12 -0,16 0,36 0,79 -0,12 0,39 0,79 -0,16 0,36 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K13 -0,12 0,37 0,77 0,29 043 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K14 0,21 0,80 1,20 -0,17 0,76 1,20 -0,56 0,11 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
K15 -0,23 0,23 0,63 -0,17 0,29 0,63 -0,34 0,12 0,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ki6 -0,12 0,19 0,47 -0,17 0,17 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
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Tablo 7: Tiim Alternatiflerin Ortalamaya Negatif Uzaklik Degerleri
Al A2 A3 A4 A5 A6
Ki 0,00 033 060 005 024 060 000 000 000 000 000 000 000 000 000 000 000 000
K2 012 067 107 -0,14 064 1,07 0,00 0,00 0,00 0,00 0,00 000 000 000 000 000 000 0,00
K3 0,00 0,00 000 000 000 000 000 000 000 000 000 000 002 037 092 -013 042 086
K4 0,00 0,00 000 0,00 000 000 -001 054 096 0,00 000 000 -032 0,14 067 0,00 0,00 0,00
K5 0,00 0,00 000 0,00 000 000 000 000 000 -019 034 079 -027 0,17 068 -041 0,01 043
K6 0,00 0,00 000 0,00 000 000 0,00 0,00 000 -020 033 077 013 044 113 -0,26 033 0,84
K7 0,00 0,00 000 0,00 0,00 000 -053 012 0,74 -053 0,12 0,74 -0,21 0,23 0,92 0,04 069 1,17
K8 0,00 0,00 0,00 0,00 000 000 -027 039 095 -034 024 077 -0,19 0,23 095 -0,34 0,28 0,84
K9 0,00 0,00 000 0,00 000 000 -046 011 067 -037 024 079 -046 007 067 -024 036 088
K10 0,00 0,00 0,00 0,00 0,00 000 -029 0,07 041 -029 0,07 041 -0,29 0,06 041 0,00 0,00 0,00
K11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 -006 046 086 000 0,00 000 -017 035 0,78
K12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 -030 025 074 -0,06 032 093 -021 037 087
K13 0,00 0,00 0,00 0,00 0,00 000 -050 002 054 -032 026 078 -0,29 0,17 0,75 -0,32 0,26 0,78
K14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 -028 035 09 -0,13 0,26 1,01 0,14 0,81 1,28
K15 0,00 0,00 0,00 0,00 0,00 000 0,00 0,00 000 -021 033 079 -047 -0,01 045 -0,16 0,33 0,73
Ki6 0,00 0,00 0,00 0,00 0,00 000 -032 009 048 -0,24 0,19 058 -0,39 -0,01 0,38 -0,29 0,09 045

Tablo 8: Agirliklandirilmis Toplam Uzakliklar, Normalize Degerleri ve Degerlendirme Sonuglari

nspj nsnj asj kasj
Al -0,10 0,89 221 097 0,68 0,42 043 0,78 1,31 0,84
A2 -0,18 0,87 2,21 1,02 0,71 042 042 0,79 1,31 0,83
A3  -046 041 146 1,13 0,68 -0,14 0,34 0,54 0,66 0,51
A4  -032 0,19 074 1,32 037 -1,16 0,50 0,28 -0,21 0,19
A5 -0,19 0,13 059 1,33 049 -147 0,57 031 -044 0,15
A6 -028 0,11 0,60 1,31 0,16 -1,47 0,52 0,13 -044 0,07

Tablo 8’de yer alan k(asj) degeri Esitlik 10 kullanilarak hesaplanmistir. k(asj) degerine gore alternatifleri siraladigimizda; A1>A2>A3>A4>A5> A6 seklinde
oldugu gorillmektedir. Bu sonuclara gore A1 alternatifi en iyi tedarikei olarak secilmelidir.
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5.Sonug

Tedarik zincirinin 6nemli bir halkasini olusturan tedarik¢i sec¢imi isletmeler icin verilmesi gereken en
onemli kararlardan birisidir. Cilinki tedarik¢i se¢cimi sadece maliyete bakilarak degil hem nicel hem de
nitel degiskenleri iceren cok ¢esitli faktorlere bagh bir karar verme stirecidir. Bu amacla bu ¢alismada nitel
ve nicel faktorlerin dikkate alindig1 Bulanik EDAS yontemi ile Kayseri ilinde faaliyet gdsteren bir isletme
icin tedarikci se¢imi yapilmistir. 5 karar verici ile 6 tane alternatif se¢ilmis ve bu alternatifler, iiriin fiyati,
tiretim kapasitesi, tiriin kalitesi, tedarik zamani, talep degisim esnekligi, kalite alt yapisi, finansal yapisi
garanti politikalari, servis imkanlari, Tiirkiye ortakliklarina ulasim, milli imkan kullanimi, cografi yakinlik
firmanin referanslari, Ar-Ge yatirim oranlari, inovasyon performansi ve iletisim kanallari kriterlerine gore
degerlendirilmistir. Kriterler 5 karar verici tarafindan s6zel olarak degerlendirilmis ve degerlendirme
sonucunda Uriin kalitesi en 6nemli kriter olarak belirlenmistir. 5 farkli karar vericiden goriis alinmasi
calismanin sonug¢ etkinligine katki saglamistir. 6 alternatif karar vericiler tarafindan sézel olarak
degerlendirilmis bulanik EDAS yontemi ile en uygun 1. Tedarikgi secilmistir.

Mevcut ¢alismanin tedarik¢i se¢im siirecinde bulanik EDAS yontemi ile farkli bir uygulama ortaya
koymasinin literatiire 6nemli kazanimlar sagladigi diisinilmektedir. Calisma ele alinan kriterler
kapsaminda her ne kadar literatiirde siklikla degerlendirmeye ele alinan kriterler ile yapilmis olsa da bu
durumun bir kisit yaratabilecegi ve diger ¢alismalarda bu durumun da dikkate alinabilecegi, ayrica
gelecek arastirmalarda sezgisel bulanik EDAS yontemi, gri EDAS yontemi kullanilarak yo6ntemlerin
karsilastirilmasinin yapilabilecegi dnerilmektedir.
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Anahtar Kelimeler 0z: Cok kriterli karar verme ydntemleri, birden fazla kriterin optimizasyonu ile
Bilgi Kriterleri, miimkiin ¢6ziim kiimeleri icerisinden alternatifin secimi, siralanmasi ve
Gok kriterli Karar Verme, siniflanmasini  saglar. Bu c¢alismamin amaci, Cok kriterli karar verme
ggggllg Dayali Kiimeleme, yontemlerinden birisi olan TOPSIS (Technique for Order Preference by Similarity
to Ideal Solution) ile modele dayali kiimeleme analizinde kiime sayisini
belirlemektir. Calismada, veri setleri aday kiime sayilarina gére modele dayali
kiimeleme ile modellenmis ve elde edilen her bir kiimeleme icin Akaike bilgi
kriteri, kanitlarin yaklasik agirhik kriteri, Bayesci bilgi kriteri, siiflandirma
olabilirlik kriteri ve Kullback bilgi kriteri birer karar kriteri olarak hesaplanmistir.
Kriterlerin agirliklandirilmasin da simiilasyon sonuglar1 kullanilmis olup TOPSIS
ile veri seti icin en uygun kiime sayis1 belirlenmistir. Onerilen yaklasimin basarisi
gercek ve sentetik veri setleri tizerinde test edilmistir. Uygulama sonucunda uygun
kiime sayisinin belirlenmesinde dnerilen yaklasim ilgili bilgi kriterlerine gore daha
basarili bir performans gostermistir.

Determining the Number of Clusters with the TOPSIS Method in Clustering Based on the
Multivariate Mixtures of Normal Distributions

Keywords Abstract: Multiple criteria decision making methods provide the selection,
Information Criteria, ordering and classification of the alternative among the possible solution sets with
Multi Criteria Decision the optimization of multiple criteria. The aim of this study is to determine the
nglerigéased Clustering number of clusters in model-based cluster analysis with the TOPSIS (Technique for
TOPSIS ’ Order Preference by Similarity to Ideal Solution), which is one of the multiple

criteria decision making methods. In the study, the data sets were modeled with
model-based clustering according to the number of candidate clusters, and for
each cluster obtained, the Akaike information criterion, the approximate weight
criterion of evidence, Bayesian information criterion, classification likelihood
criterion and Kullback information criterion is calculated as a decision criterion.
Simulation results were used in weighting the criteria and the most suitable
number of clusters was determined with the TOPSIS. The success of the proposed
approach was tested on the real and the synthetic datasets. As a result of the
application, the proposed approach in determining the appropriate cluster number
performed better than the relevant information criteria.

*[lgili Yazar, email: sakogul@pau.edu.tr

1. Giris

Veri setindeki kiime sayisinin ve yapisinin belirlenmesi kiimeleme analizindeki en 6nemli problemlerden
birisidir. Modele dayali kiimeleme, veri setini olusturan kiimelerin (bilesenlerin) her birinin tek ya da ¢ok
degiskenli dagilimlar ile modellenmesidir. Modele dayali kiimeleme analizi son zamanlarda kullanimi
yayginlasmakta olup hem kiime sayisi i¢in yeni yontemler 6nerilmekte hem de veri yapisinin belirlenmesine ve
verinin modellenmesine olanak saglamaktadir. Bu nedenle tip, mithendislik, zooloji, su triinleri, ekonomi ve
psikoloji gibi ¢ok sayida uygulama alanina sahiptir [1].
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Cok Degiskenli Normal Dagilimlarin Karmasina Dayali Kiimelemede TOPSIS Yontemi ile Kiime Sayisinin Belirlenmesi

Karma dagilim fikrini ilk ortaya atan Pearson [2] ¢alismasinda, birbirinden farkl ortalama ve varyansa sahip tek
degiskenli iki bilesenli karma dagilim modelini incelemistir. Karma dagilimi kiimeleme analizinde ilk kullananlar
ise Wolfe [3,4], Day [5] ve Binder [6] olmustur. Dempster ve ark. [7] tarafindan onerilen EM (Expectation-
Maximization) algoritmasi, karma dagilim modelindeki parametre tahminlerinde kolaylik saglamis olup
literatiirde sik¢a karsimiza cikmaktadir. Modele dayali kiimeleme analizinde, sonlu normal dagilimlarin
karmasina dayali kiimeleme ise yaygin olarak kullanilan bir yaklasimdir [8-25]. Bu yaklasim yaygin olarak
kullanilmasina ragmen, veri setini yeterince temsil etmek icin ka¢ tane bilesenin gerekli oldugu karari, birgok
arastirmacilara goére 6nemli bir sorundur ancak tatmin edici istatistiksel bir ¢6ziim de mevcut degildir [26,27].
Modele dayali kiimelemede kiime sayisini tahmin etmek icin bilgi kriterleri yaygin olarak kullanilmistir. Bu bilgi
kriterleri bir veri setinin kiime sayis1 tahmininde farkli sonuglar verebilmektedir. Bu sorunun listesinden gelmek
icin, kiime sayis1 belirleme problemi ¢ok kriterli karar verme (CKKV) problemi olarak ele alinmistir. Modele
dayali kiimeleme sonucunda hesaplanan bilgi kriterleri ile bir karar matrisi olusturulmustur. Akogul ve
Erisoglu’'nun [28] calismasindaki bilgi kriterlerinin gercek ve simiilasyon verilerine dayali basari karsilagtirmasi
sonugclari kriterler i¢in agirliklar olarak alinmistir. Daha sonra CKKV ydntemlerinden biri olan TOPSIS ile kiime
sayisi tahmininde bulunulmustur.

2. Materyal ve Metot
2.1. Modele dayal kiimeleme analizi

Modele dayali kiimeleme analizinde, veri setinin ayni ya da farkli dagilimlara sahip ¢esitli alt kiimelerden
olustugu varsayllmaktadir. Tim veri seti, bu dagilimlarin bir karmasi ile modellenir. p boyutlu n gézleme sahip
bir rasgele 6rneklem y = (971, ..., ¥1)7T olmak iizere sonlu karma dagilim modelinin olasilik yogunluk fonksiyonu

g
fly;®) = Z m,®,(y;;0,) (1)

seklinde ifade edilir (j = 1, ...,nvei =1, ..., g). Burada g modeldeki bilesen sayisi olmak tizere r;, 0 < ; < 1 ve
Z“iqzlni =1 olan {'inci bilesenin karma oram ve ®;(y;;6;) de karma dagilimmn i'inci olasilik yogunluk
fonksiyonunu ifade eder. ¥ = (nl, e g1, ET)T, karma modeldeki tiim bilinmeyen parametrelerin bir vektori
olup ¢ de 6,,0,,..,0, bilesen olasihik yogunluk fonksiyonlarinin bilinmeyen parametrelerini igeren bir

vektordiir [12].
Cok boyutlu veri setlerinin kiimelenmesinde bilesenlere ait olasilik yogunluk fonksiyonu olarak ¢ok degiskenli
normal dagilimin olasilik yogunluk fonksiyonu

4 1 (L T Ly ey
By B = (2m) 2|5 | el 200 ST 0] @)
yaygin olarak kullanilmaktadir. u; @’inci bilesene ait ortalama vektoérii ve X; B’inci bilesene ait varyans-

kovaryans matrisi olmak iizere ¥ = (1'[1,, ey g1, ) Uy vy Hg 1 21, 22, Zg)T karma modeldeki tiim bilinmeyen
parametre vektoriidiir. O halde ¥ vektoriiniin log-olabilirlik fonksiyonu

g
n
logL(®) =) log [Z Ty o E0) 3)
Jj=1 i=1
seklindedir. Gézlenen y;'nin karma modelin i'inci bilesenine ait olma olasilig:
g
N0 Y) = OO ED] ) TP En) @
m=
olup W parametresinin EM algoritmasiyla hesaplanan en ¢ok olabilirlik tahminleri
n Lw)
wk+y _ T )
j=1
1 n
(e+1) _ ZT'( L)y
(c+1) _ y;; w0y 6)
S TR T PR
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1

£ k+D _
' Yty P®)

n
D w PO, - w0, - w0 7)
j=1

iterasyonlari ile elde edilir [12, 28].

Modele dayali kiimeleme analizinde en &nemli problemlerden birisi uygun bilesen yani kiime sayisinin
belirlenmesidir. Uygun kiime sayisinin belirlenmesinde ise genellikle log-olabilirlik fonksiyonunu temel alan
bilgi kriterleri kullanilmaktadir. Bilgi kriterleri genel olarak

—2logL(®P) +C (8)

sekilde ifade edilir. Burada C, ceza terimi olarak adlandirilir ve modeldeki serbest parametre sayisi (d) veya veri
setindeki gozlem sayisina (n) bagl olarak belirlenir. Esitlik (8) verilen bilgi kriteri i¢in i bilesen sayisini
gostermek lizere Bilgi Kriteri(i) < Bilgi Kriteri(i + 1) kosulunu saglayan ilk i sayisi, uygun kiime sayis1 (g)
olarak secilir [12, 28]. Bu ¢alismada Akaike bilgi kriteri (AIC) [29], kanitlarin yaklasik agirlik kriteri (AWE) [30],
Bayesci bilgi kriteri (BIC) [31], siniflandirma olabilirlik kriteri (CLC) [32] ve Kullback bilgi kriteri (KIC) [33]
kullanilmistir. Bu bilgi kriterleri

AIC = —2logL(®) + 2d 9)
AWE = —2logL.(®) + 2d(3/2 + log(n)) (10)
BIC = —2logL(®P) + dlog(n) (11)
CLC = —2logL(®) + 2EN(%) (12)
KIC = —2logL(P) +3(d + 1) (13)
esitlikleri ile hesaplanir. Burada EN(7) = — ;."=1 2=1 Tijlogrj olup logL.(¥) = logL(¥) + EN(7) dir [28].

2.2. TOPSIS yontemi

Cok kriterli karar verme (CKKV) problemleri, birden fazla kriterin optimizasyonu ile miimkiin ¢éziim kiimeleri
icerisinden en iyi alternatifin belirlendigi problemlerdir [34-37]. CKKV yontemlerinden birisi olan TOPSIS
(Technique for Order Preference by Similarity to Ideal Solution), Yoon ve Hwang [38] tarafindan gelistirilmistir.
TOPSIS yonteminde, secilen bir alternatifin kriterlere gore ideal ¢6ziime yakin, ideal olmayan ¢6zlime ise uzak
olmas1 amag¢lanmaktadir. TOPSIS alt1 adimdan olusan bir ¢6ziim siirecini igerir ve sirasi ile bu adimlar asagida
verilmistir [38-42]:
Adim 1. Karar matrisinin olusturulmasi: D = [dij]mxk karar matrisi, karar verici tarafindan olusturulan mxk
boyutlu bir matristir. Matrisin siitunlarinda karar vermede kullanilacak k adet degerlendirme kriterleri,
satirlarinda ise m adet alternatifin karar kriterlerine gore degerlendirmesi yer alir. Burada d;; elemani, ’inci
alternatifin (i = 1, ...,m) j'inci kritere (j = 1, ..., k) gore 6nem seviyesini belirtir.
Adim 2. Normalize matrisin elde edilmesi: N = [nl-]-]mxk normalize matrisin elemanlar;, D karar matrisi
kullanilarak n;; = d;;/ [X7, dl-zj seklinde hesaplanir.
Adwm 3. Agirliklandirilmis normalize matrisin elde edilmesi: Normalize edilmis matrise ait her bir deger w; gibi
bir degerle agirliklandirilir. Agirliklandirma islemi TOPSIS yonteminin tek siibjektif asamasidir. Burada
?:1 w; =1 olup N matrisinin her bir sttunundaki elemanlar ilgili w; degeri ile carpilarak (v;; = w;n;;)

agirhiklandirilmis normalize matris V = [vi f]mxk elde edilir.

Adim 4. Ideal ve negatif ideal ¢éziimlerin elde edilmesi: Problemin amaci dogrultusunda, agirhklandirilmis
normalize matrisin (V) siitun degerleri géz dénilinde bulundurulur. Eger amacimiz minimizasyon ise siituna ait
minimum degerler ideal ¢oziimleri (A%), maksimum degerler ise negatif ideal ¢oziimleri (A~) olusturur. Bu
durumda A* = {v{,v5, ..., v{} her bir siituna ait minimum degerler ve A~ = {v{,v;, ..., v} her bir siituna ait
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maksimum degerler seklinde belirlenir. Eger amacimiz maksimizasyon ise elde edilen degerler tam tersi olarak
aliacaktir.
Adim 5. [deal ve negatif ideal ayirim élgiilerinin hesaplanmas: 1deal ve negatif ideal noktalara olan uzakhk

degerleri hesaplanirken Oklid uzakligi kullanilmaktadir. ideal ayirnm St = ’Zj?zl(vij - vj+ )2 ve negatif ideal

ayirim S; = Zle(vi]- -V )Zélgﬁleri seklinde hesaplanmaktadir. Burada hesaplanacak S;* ve S; é6lciilerinin

sayisl alternatiflerin sayis1 kadar olacaktir.

Adim 6. Ideal ¢éziime géreli yakinligin hesaplanmasi: Her alternatifin ideal ¢éziime goéreli yakinhginin (C;')
hesaplanmasinda ideal ve negatif ideal ayirim élgiilerinden yararlanilir. ideal ¢oziime goreli yakinhk degeri
Ct =S7/(S7 +Sit) seklinde hesaplanir. Burada C;* degeri 0 < ;" < 1 araliginda deger alir ve C;* = 1 ise ilgili
alternatifin ideal ¢éziime, C;* = 0 ise ilgili alternatifin negatif ideal ¢6ziime mutlak yakinligim gosterir.

2.3. Modele dayali kiimeleme analizinde kiime sayisinin belirlenmesi i¢cin yeni bir yaklasim

Modele dayali kiimeleme analizinde veri setinin kiime sayisinin belirlenmesinde bilgi kriterleri yaygin olarak
kullanilmaktadir. Literatiirdeki yaygin olarak kullanilan kriterlerden bazilar1 AIC, AWE, BIC, CLC, KIC vb. Bu bilgi
kriterleri, ayni veri setinin kiime sayisini farkli tahmin edebilmektedirler. Bu sorunun iistesinden gelebilmek i¢in,
modele dayali kiimelemede bir veri setinin kiime sayisinin belirlenmesi problemi bir CKKV problemi olarak ele
alinmis ve TOPSIS yonteminden yararlanilarak yeni bir yaklasim onerilmistir. Sekil 1’de o6nerilen yaklasim
aciklanmistir. Amag; kiime sayisinin belirlenmesi, kriterler; AIC, AWE, BIC, CLC ve KIC bilgi kriterleri,
alternatifler ise kiime sayis1 alinarak model olusturulmustur. Onerilen yaklasim kiime sayis1 bilinen gercek ve
sentetik veri setleri lizerinde test edilmis ve bu bes bilgi kriterlerinden daha iyi sonuclar elde edilmistir.

Q Veriseti &  ,Modeledayah _Bllgl . TOPSIS Kime sayismin
M M kiimeleme kriterleri yontemi belirlenmesi
~“O . Q¥

WO

Sekil 1. Kiime sayisinin belirlenmesi i¢in énerilen yaklasim

Onerilen yaklasim asagidaki adimlarda ézetlenmistir:

Adim 1. Problemin tanimi: Problemimiz bir veri setinin kiime sayisinin belirlenmesidir. Problemi ¢6zmek icin ele
alinan kriterler, kiime sayisi tahmininde kullanilan bilgi kriterlerinden AIC, AWE, BIC, CLC ve KIC'dan
olusmaktadir. Kriterlerin agirlik vektdriinii olusturmak icin Akogul ve Erisoglu'nun[28] ¢alismasinin bir sonucu
olan kriterlerin kiime sayisi tahmini ortalama basarilar1 kullanmilmistir. Béylece AIC, AWE, BIC, CLC ve KIC
kriterlerine ait sirasiyla 43.6, 21.2, 47.4, 17.3 ve 58.2 olan ortalama basarilart W = (wy, w,, w3, w,, wg) =
{0.2323, 0.1129, 0.2525, 0.0922, 0.3101} seklinde agirliklara dontstirilmistir. Veri setinin kiime sayisi
alternatifleri ise 2, 3, 4 ve 5 olarak se¢ilmistir. Alternatiflerin degerleri bilgi kriterlerinin en diistik ve en ytliksek
tahmin degerleri goz oéniinde bulundurularak belirlenmistir. Benzer sekilde alternatif sayisi arttirilabilir.

Adim 2. Modele dayali kiimeleme: Veri seti, modele dayali kiimeleme ile farkli kiime sayilarina gore ¢ok
degiskenli normal dagilimlarinin karmasi ile modellenmistir. Model parametrelerinin en ¢ok olabilirlik
tahminleri EM algoritmasi ile elde edilmistir.

Adim 3. Bilgi kriterleri: Tahmin edilen parametrelere gore log-olabilirlik fonksiyonlar: hesaplanmis ve her bir
kiime sayisi icin bilgi kriterleri degerleri elde edilmistir. Bu degerler kullanilarak bir karar matrisi
olusturulmustur.

Adim 4. TOPSIS yéntemi: Olusturulan karar matrisi kullanilarak problemimiz bir CKKV problemine
donistirilmistir. Boylece TOPSIS yontemi kullanilarak her bir alternatifin ideal ¢6ziime goreli yakinhgi
hesaplanmistir.

Adim 5. Kiime sayisi tahmini: Son adim olarak da TOPSIS ile en uygun alternatif yani kiime sayis1 belirlenmistir.
Problemin amaci dogrultusunda ideal ve negatif ideal ¢ozlimler olusturur. Bilgi kriterleri icin minimum degeri
veren model en iyi model olarak secileceginden amacimiz minimizasyondur. Bu dogrultuda en yiiksek ideal
¢oziime goreli yakinlhiga sahip alternatif uygun kiime sayisi olarak belirlenmistir.

3. Bulgular

Onerilen yaklasim, Tablo 1’de verilen farkli érneklem biiyiikliikleri (n), farkl degisken sayilari (p) ve farkli kiime
sayilarina (g) sahip gercek ve sentetik veri setleri lizerinde test edilmistir.
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Tablo 1. incelenen veri setlerinin 6rneklem biiyiikliikleri, degisken sayilari ve kiime sayilari

Veri Setleri Orneklem Biiyiikliigii Degisken Sayis1 Kiime Sayisi
(n) (r) (9)
Crab 200 5 2
Liver Disorders 345 6 2
Ionosphere 351 34 2
Chemical Diabetes 145 4 3
Iris 150 4 3
Wine 178 13 3
Ruspini 75 2 4
E.coli 336 7 4
Vehicle Silhouettes 846 18 4
Sentetik-1 1000 2 2
Sentetik-2 1000 2 3
Sentetik-3 1000 2 4

Gercek veri setleri UCI Machine Learning Repository [43] web sitesinden alinmistir. Sentetik veri setleri ise
Tablo 2’de verilen karma oranlar, ortalama vektdrlere ve kovaryans matrislere gére normal dagilimlarin

karmasindan iiretilmistir.

Tablo 2. Sentetik veri setlerinin karma oranlari, ortalama vektorleri ve kovaryans matrisleri

Karma Oranlar  Ortalama vektorleri Kovaryans matrisleri
. m=1/2 u = [2,4]7 2, =[1,0; 0,1]
Sentetik-1
m, =1/2 u, = [5,6]T %, =1[2,0; 0,0.5]
m =1/3 w =[-12]T 2, =1[1,0; 0,1]
Sentetik-2 7, =1/3 up = [1,1]7 2, =10.5,-0.7; —0.7,1.5]
T3 = 1/3 U3z = [0, _4']T 23 = [2r Or Or 2]
o= 1/4 u = [-2,-2]" 2, =[0.2,0; 0,0.2]
. m, =1/4 U, = [-2,-2]7 Z, =[3,2; 2,7]
Sentetik-3 7 = 1/4 s = [3,1]7 Ty = [1,0; 0,4]
n,=1/4 u, =[1,-3]7 2, =1[1,0; 0,1]

Calismada Crab veri seti i¢in Onerilen yontem detayli olarak agiklanip hesaplamalar verilmis ve sonuglar
yorumlanmstir. Diger veri setleri i¢in karar matrisi, ideal ve negatif ideal ayirimlar ile ideal ¢6ziime goreli
yakinlik degerleri verilmistir. Karar matrisleri kullanilarak hesaplamalar benzer sekilde yapilabilir.

Crab veri setinin alternatif kiime sayilarina goére modele dayali kiimeleme analizi sonucu hesaplanan bilgi
kriterlerinin degerlerinden olusan karar matrisi Tablo 3’de verilmistir.

Tablo 3. Crab veri seti icin karar matrisi

Alternatifler AIC AWE BIC CLC KIC
2 2929.3 34742 30645 29168 2973.3
3 2920.6 3690.3 3125.1 2847.3 2985.6
4 2888.0 3915.7 3161.8 2787.2 2974.0
5 2816.7 40659 3159.7 2651.8 2923.7

Tablo 3’e gore 2 kiimeye sahip Crab veri seti icin AIC, AWE, BIC, CLC ve KIC bilgi kriterlerinin kiime sayisi
tahminleri sirasiyla 5, 2, 2, 5 ve 5 oldugu goriilmektedir. Karar matrisi yardimiyla elde edilen normalize edilmis
matris Tablo 4’deki gibi hesaplanir.

Tablo 4. Crab veri seti icin normalize edilmis matris

Alternatifler AIC AWE BIC CLC KIC
2 0.5070 0.4580 0.4898 0.5204 0.5015
3 0.5055 0.4864 0.4995 0.5080 0.5036
4 0.4998 0.5162 0.5054 0.4973 0.5016
5 0.4875 0.5359 0.5051 0.4731 0.4932
Normalize edilmis matrisinin  her  bir  slitunundaki elemanlar ilgili agirhk  vektori

W = (W, wy, wg,wy, ws) = {0.2323, 0.1129, 0.2525, 0.0922, 0.3101} ile carpilarak agirliklandirilmis normalize
matris Tablo 5’deki gibi elde edilmistir.
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Amacimiz minimizasyon olup agirliklandirilmis normalize matrisin her bir siituna ait minimum degerler ideal
coziimleri A* = {0.1132, 0.0517, 0.1237, 0.0436, 0.1529}, maksimum degerler ise negatif ideal ¢6ziimleri
A~ ={0.1178, 0.0605, 0.1276, 0.0480, 0.1562}
0.0096} ve negatif ideal ayirim S~ = {0.0097, 0.0059, 0.0036, 0.0071} o6lgiileri seklinde hesaplanmaktadir. Her
alternatifin ideal ¢oziime goreli yakinligi C* = {0.5871, 0.4442, 0.2863, 0.4238} olup en yiiksek C;" degerine
(0.5871) sahip olan 2, alternatifler icerisinde en uygun kiime sayisi olarak belirlenmistir. Béylece 2 kiimeye
sahip Crab veri setinin kiime sayisi 6nerilen yontem ile dogru olarak tespit edilmistir. Tiim veri setleri i¢in

Cok Degiskenli Normal Dagilimlarin Karmasina Dayali Kiimelemede TOPSIS Yontemi ile Kiime Sayisinin Belirlenmesi

Tablo 5. Crab veri seti icin agirliklandirilmis normalize matris

Alternatifler

AIC AWE

BIC

CLC KIC

2

3
4
5

0.1178 0.0517
0.1174 0.0549
0.1161 0.0583
0.1132 0.0605

0.1237
0.1261
0.1276
0.1275

0.0480 0.1555
0.0468 0.1562
0.0458 0.1555
0.0436 0.1529

hesaplanan karar metrisleri Tablo 6’da verilmistir.

olusturur.

[deal

ayirm St = {0.0068, 0.0074, 0.0089,

Tablo 6. Her bir veri setinin karar matrisleri

Veri Setleri Alternatifler AIC AWE BIC CLC KIC
2 14752.4 15503.7 14963.8 14695.9 14810.4
Liver 3 14693.7 15865.2 15012.8 14646.2 14779.7
Disorders 4 14605.7 16176.3 15032.4 14546.0 14719.7
5 14643.7 16582.9 15177.9 14541.4 14785.7
2 12260.8 28277.6 17121.6 9743.1 13522.8
lonosphere 3 13487.6 37518.7 20780.7 9709.7 15379.6
4 12065.5 44111.7 21790.9 7028.0 14587.5
5 14236.6 54296.8 26394.2 7938.6 17388.6

2 6332.5 6663.0 6418.9 6287.3 6364.5

Chemical 3 6241.7 6744.5 6372.7 6174.6 6288.7
Diabetes 4 6234.9 6924.2 6410.5 6160.0 6296.9
5 6223.3 7065.4 6443.5 6106.8 6300.3

2 487.1 806.7 574.4 429.1 519.1

Iris 3 449.1 944.1 581.6 371.2 496.1

4 448.9 1126.5 626.5 358.3 510.9

5 474.1 1378.8 696.9 415.2 551.1

2 5222.3 7597.3 5887.3 4804.3 5434.3

Wine 3 4802.5 8382.5 5801.6 4186.3 5119.5

4 4753.3 95179 6086.5 3918.5 5175.3

5 4841.1 10797.3 6508.4 3794.8 5368.1

2 1409.2 1515.2 1434.7 1387.2 1423.2

Ruspini 3 1369.9 1534.0 1409.3 1336.3 1389.9
4 1329.9 1552.3 1383.2 1284.7 1355.9

5 1322.5 1602.2 1389.7 1264.8 1354.5

2 3377.5 4283.3 3648.6 3244.3 3451.5

E.coli 3 569.3 1929.7 977.7 363.9 679.3

4 465.2 2279.0 1011.0 186.3 611.2

5 514.4 2786.0 1197.7 166.5 696.4
2 80747.8 86249.1 82544.5 80002.8 81129.8
Vehicle 3 78171.5 86431.4 80868.8 77053.7 78743.5
Silhouettes 4 76987.3 88003.1 80585.3 75493.9 77749.3
5 77496.4 91282.8 81995.2 75642.2 78448.4

2 6849.0 7286.0 6903.0 7101.0 6863.0

Sentetik-1 3 6846.5 7971.4 6929.9 7685.5 6866.5
4 6862.9 8416.3 6975.8 8029.6 6888.9

5 6860.6 8945.2 7002.9 8457.6 6892.6

2 5233.9 5634.1 5284.0 5457.0 52479

Sentetik-2 3 5110.2 5711.6 5187.6 5437.9 5130.2
4 5101.0 5945.1 5205.7 5574.8 5127.0

5 5126.2 6478.0 5258.2 6011.1 5158.2

2 8298.5 8727.6 8352.4 8542.6 8312.5

Sentetik-3 3 8268.1 9055.1 8351.5 8769.2 8288.1
4 8082.1 8994.7 8195.0 8608.0 8108.1

5 8084.3 9315.3 8226.6 8827.6 8116.3
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Bilgi kriterleri icin minimum deger en uygun kiimesayisi oldugu i¢in burada amacimiz minimizasyondur. O halde
agirliklandirilmis normalize matrisin her bir siituna ait minimum degerler ideal ¢6ziimleri (A*), maksimum
degerler ise negatif ideal ¢éziimleri (A7) olusturur. Ideal ve negatif ideal ¢6ziimleri kullanarak elde edilen ideal
ayirim (S;) ve negatif ideal ayirim (S;) élgiileri Tablo 7’de verilmistir.

Tablo 7. Veri setlerinin her bir alternatife gore ideal ayirim ve negatif ideal ayirim degerleri

ideal ayirim (5;) Negatif ideal ayirim (5;)

Veri Setleri 2 3 4 5 2 3 4 5

L. Disorders 0.0016 0.0017 0.0024 0.0043 0.0042 0.0029 0.0025 0.0010
Ionosphere 0.0145 0.0363 0.0361 0.0777 0.0772 0.0450 0.0478 0.0096
C. Diabetes 0.0032 0.0009 0.0023 0.0036 0.0034 0.0040 0.0030 0.0029
Iris 0.0144 0.0075 0.0202 0.0431 0.0399 0.0383 0.0261 0.0036
Wine 0.0183 0.0066 0.0134 0.0258 0.0236 0.0258 0.0204 0.0144
Ruspini 0.0124 0.0067 0.0017 0.0032 0.0032 0.0063 0.0119 0.0122
E.coli 0.3644 0.0106 0.0070 0.0227 0.0000 0.3556 0.3626 0.3501
V.Silhouettes 0.0096 0.0028 0.0011 0.0042 0.0032 0.0075 0.0098 0.0076
Sentetik-1 0.0000 0.0059 0.0096 0.0141 0.0141 0.0082 0.0045 0.0000
Sentetik-2 0.0053 0.0008 0.0032 0.0095 0.0092 0.0100 0.0080 0.0037
Sentetik-3 0.0094 0.0024 0.0017 0.0030 0.0023 0.0076 0.0094 0.0089

Her veri seti i¢cin hesaplanan ideal ayirim ve negatif ideal ayirim o6lgiileri kullanilarak elde edilen her bir
alternatifin ideal ¢éziime goreli yakinhig1 C;*, Tablo 8'de verilmistir. En biiyiikk C;* degerine sahip olan {’inci
alternatif kalin olarak yazilmis olup uygun kiime sayisi olarak se¢ilmektedir.

Tablo 8. Veri setlerinin her bir alternatife gore ideal ¢6ziime goreli yakinlik degerleri

Alternatifler

Veri Seti 2 3 4 5

L. Disorders 0.7270 0.6382 0.5017 0.1932
Ionosphere 0.8417 0.5532 0.5702 0.1097
C. Diabetes 0.5120 0.8148 0.5587 0.4455
Iris 0.7354 0.8370 0.5637 0.0776
Wine 0.5631 0.7970 0.6029 0.3591
Ruspini 0.2031 0.4861 0.8778 0.7915
E.coli 0.0000 0.9710 0.9811 0.9391
V. Silhouettes 0.2524 0.7263 0.8970 0.6452
Sentetik-1 0.9969 0.5842 0.3165 0.0028
Sentetik-2 0.6366 0.9287 0.7152 0.2792
Sentetik-3 0.1991 0.7597 0.8494 0.7482

Tablo 9’da tiim veri setlerinin bilgi kriterleri ve 6nerilen yaklasimla belirlenen kiime sayis1 tahminleri verilmistir.
En alt satirda da, yaklasimlarin dogru belirledikleri kiime sayisi toplamlar: belirtilmistir. Tablo 9’da 6nerilen
yaklasimin istiinligi gorilmektedir. Béylece modele dayali kiimelemede dnerilen bu yeni yaklasim literatiirde
var olan ilgili bes bilgi kriterinden daha iistiin bir performans sergilemistir.

Tablo 9. Bilgi kriterleri ve dnerilen yaklasimin karsilastirilmasi

Veri Seti Kiime Sayis1 AIC AWE BIC CLC KIC Onerilen Yaklagim
Crab 2 5 2 2 5 5 2
L. Disorders 2 4 2 2 5 4 2
Ionosphere 2 4 2 2 4 2 2
C. Diabetes 3 5 2 3 5 3 3
Iris 3 4 2 2 4 3 3
Wine 3 4 2 3 5 3 3
Ruspini 4 5 2 4 5 5 4
E.coli 4 4 3 3 5 4 4
V. Silhouettes 4 4 2 4 4 4 4
Sentetik-1 2 3 2 2 2 2 2
Sentetik-2 3 4 2 3 3 4 3
Sentetik-3 4 4 2 4 2 4 4
Toplam Dogru Sayisi 3 4 10 3 8 12
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4. Tartisma ve Sonug¢

Kiimeleme analizinde kiime sayis1 tahmini i¢in literatiirde bir¢cok yaklasim 6nerilmistir. Modele dayali kiimeleme
analizinde yaygin olarak bilgi kriterleri kullanilmaktadir. Bu ¢alismada, veri setleri modele dayali kiimeleme ile
modellenmis ve yaygin kullanilan AIC, AWE, BIC, CLC ve KIC bilgi kriterleri birer karar kriteri olarak alinmistir.
Boylece kiime sayis1 belirleme problemini ¢ok kriterli karar verme ydntemlerinden TOPSIS ile ¢oziilmesi
amaglanmistir. Bu sayede cok degiskenli normal dagilimlarin karmasina dayali kiimelemede bir veri setinin
kiime sayisinin belirlenmesi icin yeni bir yaklasim o6nerilmistir. Onerilen yaklasimmn bu bes ilgili bilgi
kriterlerinden daha dogru sonuglar tirettigi géorulmustiir.

Bu ¢alisma ile veri setinin kiime sayisi belirleme problemi bir CKKV problemine doniistiiriilmiis ve bazi bilgi
kriterlerinin ortak kullanilmasi ile daha iyi sonuglar elde edilebilecegi gosterilmistir. Daha sonraki ¢alismalar i¢in
arastirmacilar bu yontemi, farkl kriterler ve agirlik matrisleri belirleyerek hem modele dayali kiimelemede hem
de diger kiimeleme ydontemlerinde kolaylikla uygulayabilirler.
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Keywords Abstract: Let K be a fileld of characteristic zero, u and v be algebraically

H?USdorff Serie}“: independent variables and K(u, v) be the free associative noncommutative algebra

Right zero semigroup, of rank 2 over K. Each element in K{(u,v) can be written as a noncommutative

Semigroup ring polynomial of u and v. The expression of the polynomial w = w(u, v) = log(e“e")
is a formal power series and a solution to this equation for w is given by the
Hausdorff series expressed as nested commutators of u and v. However this series
is not in its closed form in K{u, v). Obtaining a closed form of this series, one may
consider another algebraic structure other than K(u, v) and evolute the series in it.
We consider the right zero semigroup with finite elements, and the semigroup ring
A spanned on this semigroup over the field of real numbers. In this paper, we
provide a closed form of this formula in the semigroup ring A.

Yarigrup Halkasinda Hausdorff Serisinin Kapali bir Formiilii

Anahtar Kelimeler 0z: K karakteristigi sifir olan bir cisim, u ve v cebirsel bagimsiz degiskenler ve
Ha}lSdOFffseriSi' K(u,v), K tizerinde ranki 2 olan serbest birlesmeli degismeli olmayan bir cebir
Sag sifir yarigrup, olsun. K{u, v)’deki her eleman, u ve v'nin degismeli olmayan bir polinomu olarak
Yarigrup halkasi

yazilabilir. w = w(u,v) =log(e“e”) polinomunun ac¢ilimi diizgiin bir kuvvet
serisidir ve bu denklemin w i¢gin ¢6ziimi u ve v'nin i¢ ice gecen komiitatorleri
olarak ifade edilebilen Hausdorff serisi tarafindan verilir. Ancak bu seri K(u, v)'de
kapali formda degildir. Bu serinin kapali bir formunu elde ederken, K(u,v)'den
baska cebirsel yapilar disiiniilebilir ve bu cebirsel yapilar icinde, seri
gelistirilebilir. Sonlu elemanl sag sifir yarigubunu ve reel sayilar cismi iizerinde
bu yarigrup tarafindan gerilen A yarigrup halkasim ele alalim. Bu ¢alismada, A
yarigrup halkasinda bu formiiliin kapali bir formu verilmistir.

*ilgili Yazar, email: okelekci@ohu.edu.tr
1. Introduction

The Campbell-Baker-Hausdorff (CBH) series is of fundamental importance in the theory of Lie groups, their
applications, physics, and physical chemistry. The CBH formula is a general result for the quantity w = w(u, v) =
log(e“e"), where u and v are not necessarily commuting. Standard methods for the explicit construction of the
CBH terms yield polynomial representations, which must be translated into the usually
required commutator representation.

Evolutions of the Haussdorff series in various algebras and rings has been considered in obtaining a closed form
of this formula after Campbell [1, 2], Baker [3] and Hausdorff [4] published their works on CBH formula. The
infinite series for log(e*e”) for noncommuting u and v is expressible in terms of iterated commutators
of u and v except for the linear term u + v. Finally, Dynkin [5] derived an explicit expression for the terms as a
sum of iterated commutators over a certain set of sequences.

wu,v) =u+ v +%[u,v] +1—12[u, [u,v]] +%[v, [v,u]] —%[u, [v, [u,v]]]

Although the expression is known in the recursive form, it has been studied to simplify the formula in order to
express the CBH formula in a closed form. For the free metabelian Lie algebra, Gerritzen [6] and Kurlin [7]
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suggested a closed formula in their works, which was used by Drensky and Findik [8] in their work for
describing the multiplication rule in the inner automorphism group of the free matebalian Lie algebra. Baker [9]
computed the coefficients according to a fixed basis set. Recently, Findik and the author [10] studied the CBH
formula in semigroup rings spanned on right and right zero semigroups.

A semigroup S is said to be a right zero semigroup if s;s, = s, for each s;,s, € S. For unexplained terms in
semigroup theory see [11]. Now let R be the field of real numbers, RZ,, = {a,, ..., a,} be a right zero semigroup,
and A be the semigroup ring spanned on RZ, together with 1 over the base field R. In the present paper, we
suggest a closed formula for coefficients of w = log(e“e”), with respect to the ordered basis {1, a;, @3, ..., @, } in
this semigroup.

2. Material and Method
Let uw,v,w €A such that e" =e%eV, where u=x,+x0;+ +2x,a, V=yy+y:a;+ - +y,a, and

w=zy+zia;++zpa, fx=x++x,, y=y; +--+y, and z =z, + -+ z,. Then by Theorem 2.3 in
[10], we see that the followings hold.

Zog =X+ Vo, z2=x+Y,

x+y e'—1 e*(e? —1)

Zj = ex+y -1 x X]- + y y])

wherej =1,..,n.Let & =u—Xxo and ¥ = v — Y, . Then we have also the followings.
uv = xgV + you + xv
VU = YoU + XgV + yu
[w,v] = uv — vu = x7 — yu.
3. Results
Initially we state the next technical lemma which provides the operations on commutators.
Lemma 3.1. There exists a commutative polynomial f(x,y) € R[x, y] such thatw = u + v + [u, v]f (x, y).

Proof. We start by showing that [u, [, v]] = x[u,v] and [v, [, v]] = y[u, v]. Because x; is in the center of the
ring A, and the fact that [#, @] = 0, we have that

[w, [w,v]] = adulw, v] = [xo + &, x¥ — yu] = [&,xv — yu] = [&,x7] = x[&, 7] = x[u, v]
and that similarly [v, [u, v]| = y[u, v]. It is direct consequence from the computation above that
(aduw)?(adv)?[u, v] = x*y? (x¥ — yu) = x*y°[u,v],a,b = 0
and hence by Dynkin [5] formula,
w=u+v+ f(adu,adv)[w,v] =u+v+ f(x,y)[u, vl
for some function f. u
Theorem 3.2. Let u, v € A. Then

xe*(e¥ —1) —y(e*—-1)

xy(ex*y — 1) [, ]

log(e“*e’)=u+v+

Proof. We know from Lemma 3.1. that
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log(e*e”) =w(u,v) =u+v+ f(x,y)|uv]

which gives that

zZotz1aq + -+ zpan = (Xg + X104 + -+ xpan) + (Vo + Y101 + 0+ Ypan) + F(x, ) (20 — yu).

Now by Theorem 2.3 in [10], compairing the coefficients of a; from both side,

x+y -1 e*(e¥ — 1)

ex
2 == < x + 3’1> =x1+y; + O y)(xy; — yxq)
exv —1 x y

Now comparing coefficients of algeraically independent variables x; and y,, respectively, we have that

x+y e*-1
ety —1 «x

=1-yf(xy)

x+y e*(e¥—-1)
exty —1 y

=1+xf(xy)

which leads to obtain the desired form of the formula for f by simple computations. [

4, Discussion and Conclusion

Let S be a right zero semigroup and R(S) be the semigroup ring with basis S U {1}. Consider the equation

w =

log(e“e") where u,v € R(S). Clearly, w = u + v when S is commutative. However it is not easy to

compute w in the case of noncommutativity. In the present paper, we suggest a closed formula of Hausdorff
series in the semigroup ring R(S) and show that in the Dynkin formula, all elements excluding the first two terms

are a polynomial of x and y, as f(x,y). It would be interesting to held the problem for some other

noncommutative semigroups.
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Anahtar Kelimeler 0z: Ulkemizde iiniversite sinavi bireylerin hayatinda énemli bir yere sahiptir.
ARAS Yontemi, Ozellikle iiniversiteyi yasadig1 yer disinda bir yerde kazananlar icin hayatlarinda
ENTROPI_Y‘?“temi' yeni bir donem baslamaktadir. Bu 6grencilerin karsilasabilecegi sorunlardan belki
Apart Se¢imi de en 6nemlisi kalacak yer bulmaktir. Giiniimiizde her ilde devlet yurdu, 6zel yurt,
apart, ev gibi secenekler bulunmaktadir. Bu ¢alismada daha ¢ok apartlarin yer
aldig1 Kirikkale ili Yenisehir bolgesinde apart secimi problemi ele alinmis ve Cok
Kriterli Karar Verme yontemlerinden ENTROPI ve ARAS y6ntemleri ile en uygun
apart secimi problemi hedeflenmistir. Kriterler 6grencilerle yapilan goriismelerle
fiyat, kullanim alani, B kapisina uzaklik (kampiisiin Yenisehir girisi), elektronik
esya sayisl, oda sayisi olarak belirlenerek apartlar bu kriterlere gore
degerlendirilmis ve secilmistir.
Apart Selection By Integrated ENTOPY-ARAS Method
Keywords Abstract: In our country , university exam has an important place in the life of
ARAS Method, individuals. A new era in life is beginning, especially for those who win a university
ENTROPY Method,

outside the place where they live. Perhaps the most important problems of these
ssudent face up is finding a place to stay.

Nowadays, in every province there are options such as state dormitories, private
dormitories, apartments and houses In this study, the problem of apartments
selection in Yenisehir region of Kirikkale, where more apartments are located, has
been addressed and the most appropriate apartment selection has been aimed
with ENTROPY and ARAS which are methods of Multi Criterian Decision
Making.The criteria are determined as the price, usage area, distance to gate
B(entrance of the campus from Yenisehir), number of electronic goodsa, numberof
rooms by interviews with students. and apartments are evaluated due to these
criteria.

Apartment Selection

*ilgili Yazar, email: sunacetin@kku.edu.tr
1. Giris

Karar verme, birbiriyle celisen ve aralarinda rekabet olan kriterler ile degerlendirilen alternatifler kiimesinden
en uygun olani se¢mektir[1]. Karar verme, iki veya daha fazla eylem arasindan se¢im yapmaktir[2].

Cok kriterli karar verme (CKKV) siireci; karari etkileyen kriterin se¢ilmesi ve bunlarin problemin amacina bagh
olarak agirlik degerlerinin belirlenmesi, alternatiflerin de kriterlere bagli olarak siralanmasi ve siralanan
alternatifler arasindan se¢im yapilmasidir. CKKV problemlerinin yapisini; karara bagl bir amag, karara etki eden
kriter ve bu degiskenlere bagl olarak siralama ve/veya se¢im yapilacak alternatifler olusturmaktadir[3]. Giinliik
hayatta birden fazla alternatif arasindan bazi kriterlere goére birinin se¢ilmesi siklikla yasanilan durumdur.

Universite sinavim farkl bir sehirde kazanmak yeni bir sehirde yeni bir hayat kurmay1 gerekmektedir. Sehre
alismak, ¢ocukluk déneminden ¢ikmak ve sorumluluk almak bireylerin hayatinda yeni bir ddneme girmek olarak
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ifade edilebilir. Karsilasilacak ilk sorun ya da ¢6ziilmesi gereken ilk problem kalacak yer bulmaktir. Sehirden
sehire degisse de ev, devlet yurdu, dzel yurtlar, apart gibi secenekler s6z konusudur. Kalacak yerin belirlenmesi
farkli alternatifler arasindan belirlenen bazi kriterlere gore se¢cim yapilmasi anlaminda geldiginden bir karar
verme problemidir.

CKKV problemleri i¢in ¢ok sayida yontem onerilmistir. Coémert(2018), yaptig1 tez calismasinda CKKV
problemlerine iliskin yapilan calismalara genel bakisi ve her yontem icin detayl literatiir incelemesi yer
almaktadir[4]. Bu yontemlerin her birinin bazi avantaj ve dezavantajlar1 s6z konusudur. Karar verici hangi
yontemi kullanacagina problem yapisina uygun ve siirecin 6zelliklerine gore karar verecektir.

Bir CKKV probleminde her bir kriterin farkli anlami ve 6nemi oldugundan, her bir kriter i¢in uygun agirligin
hesaplanmas1 gerekmektedir. Entropi yontemi de agirlik hesaplamak i¢in énerilen yontemlerdendir. Entropi
yontemi bir¢ok karar verme probleminde kriterlerin objektif agirliklandirma islemi i¢in en fazla 6nerilen
yontemdir[5]

CKKV problemleri i¢in gelistirilen en yeni yontemlerden biri olan ARAS yontemi Turskis ve Zavadskas tarafindan
2010 yilinda dnerilmistir[6]. Kisa bir algoritmasinin olmasi ve dort islemden fazlasimi gerektirmeyen yapisiyla
ARAS yo6ntemi; karar vericiler tarafindan kolaylikla uygulanabilir olmasi nedeni tercih edilen bir yontemdir[7]
ARAS yontemi, tek basina kullanildig1 gibi AHP, ANP, SWARA, Entropi gibi yontemlerle agirliklandirilarak veya
TOPSIS, COPRAS, MOORA, gri sistem ve bulanik mantikla gibi yontemlerle biitiinlesik bir sekilde
kullanilmaktadir[8,9].

Son yillarada Entropi ve Aras yontemleri ile yapilan ¢alismalar Comert(), bakir ve atalik (2018), Ulutas (2018),
Omiirbek vd.((2016) ve Cat1(2017) tarafindan 6zetlenmistir[4,8,9-12] .
2. Materyal ve Metot

2.1. Entropi Yontemi

CKKV yontemlerinde, kriter 6nem diizeyini belirten agirlik degerleri subjektif ve objektif olmak iizere 2 iki farkl
sekilde hesaplanmaktadir. AHP, Delfi yontemi gibi subjektif yontemlerde karar vericiler Kkriterleri
degerlendirirken; entropi gibi objektif yontemlerde, alternatiflerin sahip oldugu nicel 6zellikler dikkate alinarak
hesaplama yapilmaktadir. Entropi 4 adimdan olusmaktadir[13].

Adim 1: Karar Matrisinin Normalize Edilmesi

Karar matrisindeki ham verilerdeki farkl birimler Esitlik (1) ile ortak 6l¢iilebilir birimler haline getirilir ve
normalize karar matrisi elde edilir

Xij €y
J
i=1

rij =
xl-]-

Burada;

i = alternatifler

j = kriterler

rij = normalize edilmis degerler

xij = i.alternatifin j.kriter i¢in karar matrisindeki degeri

Adim 2: Kriterlere iliskin Entropi Degerlerinin Bulunmasi
Kriterlerin entropi degerleri esitlik (2) yardimiyla bulunur:
n

(2)
ej = —kz rij.ln(rij) (i=12,..,mvej
j=1
=12,...,n)
k = entropi sabiti, esitlik 3 ile hesaplanir.
k= {(In(n))-1} (3)

rij = normalize edilmis degerler
ej = entropi degeri

Adim 3: Bilginin Farklilasma Derecesinin (2j) Hesaplanmasi
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dj degeri esitlik4 ile hesaplanir.
dj=1-ej (4)

Adim 4: Entropi Kriter Agirliklarinin Hesaplanmasi
Entropi kriter agirliklar1 (Esitlik 5) yardimiyla elde edilir:
d .

J (5)

W. = B
7oy aj

2.2. ARAS Yontemi
CKKV yontemlerinden biri olan ARAS (Additive Ratio Assessment Method) yontemi, 2010 yilinda Zavadskas ve
Turskis tarafindan gelistirilmistir [6]. ARAS yontemi 4 adimdan olusmaktadir [7].

Adim 1: Karar Matrisinin Olusturulmasi:

Diger CKKV yontemlerinden farkli olarak baslangi¢ karar matrisinde ilk satirda her kritere ait optimum degerler
yer almaktadir.

Xo1 Xoz = Xon
L PR B j = 12 (6)
ml Xm2 an

Xj:i.alternatifin jkriter degerde gosterdigi performans degerini gostermektedir ve i:1,2,3..m ve j=1,2,3.,n
Optimal deger bilinmiyorsa kriterin fayda (daha yiiksek daha iyi) veya maliyet (daha diisiik daha iyi) dzelligine
gore( Esitlik7) ile hesaplanir.

Eger maks;x;; ise xojmaks;x;;
Eger min ;x*;; ise xo; = min ;x*;
Adim 2: Karar Matrisinin Normalize Edilmesi

Normalizasyonda problem amacina uygun olarak maksimum veya minimum olmasi istenen kriterlere ait
normalize degerle fayda yonli kriterler i¢in Esitlik 8 ve maliyet yonlii degerler i¢in Esitlik 9 kullanilmaktadir.

7 =X )
L
! zr'ioxij
1
— Xij
Xy=% ©)
2iZo }i].

Adim 3: Agirlikli Normalize Karar Matrisinin Olusturulmasi:

Kriterlere iliskin 6nem katsayilar1 kullanilarak agirliklandirma islemi yapilir. Kriterlere iliskin 6nem katsayilari
0<@j<1 (15). Normalize edilmis agirliklar (Esitlik 10) yardimiyla elde edilir , agirlikli normalize karar matrisi
esitlik 11 de verilmistir.

[)?01 )?0]. X{m ]
[ ¢ -~ & -~ |
X =L)(?i1 v Xy o Xy [i=01..,m j=12...,n (11)
Lo o Ky e Ko

Adim 4: Optimallik Fonksiyon Degerlerinin (S;) Hesaplanmasi:

Bu adimda her bir alternatif i¢in optimal degerler hesaplanir. Alternatiflere ait degerlerin hesaplanmasi esitlik
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(12) yardimiyla gergeklestirilmektedir.

n
S = Xij i=01..,m (12)

J=1

@;, BE.Alternatifin optimallik fonksiyonudur. Bu islemin ardindan alternatiflere ait B; degerleri, By optimal
degerine oranlanir ve @;fayda dereceleri elde edilir. @; degerleri ise esitlik (13) kullanilarak elde edilir.

K, == i =01,.,m 13

Hesaplanan @; [0,1] araligindadir ve @i degerinin biiyiikten kiiciige dogru siralanir, alternatifler degerlendirilir.
2.3. Uygulama

Calismada, Kirikkale ili Yenisehir mevkiinde ({iniversite civari) yer alan apartlardan birinin se¢imi icin ENTROPI
ve ARAS ydntemi uygulanmistir. Ogrencilerle yapilan goriismelerle, tek kisi baz alinarak fiyat (TL), kullanim alam
(m2), B kapisina uzaklik (m), esya sayis1 (adet) ve mutfak ve oturma odasi bir sayilarak oda sayisi (adet) olmak
lizere 5 kriter belirlenmistir. Uygulamada ENTROPI yéntemi ile kriter agirliklar1 hesaplanmis; elde edilen bu
agiliklar ARAS yonteminde kullanilarak apart siralamasi yapilmistir.

Secimi yapilacak olan 8 apart icin belirlenen kriterlere gore elde edilen veriler Tablo 1 de Karar Matrisi olarak
verilmektedir.

Tablo 1. Karar Matrisi

Fiyat Kullanim B Kapisina Elektronik Esya Oda Sayisi
(TL) Alani(m2) Uzaklik(m) Sayisi

A 350 30 750 3 2

B 475 25 400 4 1

C 600 35 260 5 2

D 575 45 500 4 3

E 550 55 230 4 2

F 500 60 500 3 3

G 550 30 450 4 2

H 450 40 600 4 2

2.3.1.ENTROPI Yontemi ile Coziim
Adim 1: Normalize Edilmis Karar Matrisinin Elde Edilmesi
Bu adimda her bir kritere iliskin degerler (esitlik 1) yardimiyla normalize edilmistir. Normalize edilmis karar

matrisi Tablo 2 de verilmektedir.
Tablo 2. Normalize Edilmis Karar Matrisi

B
Fiyat (TL) Kullanim Kapisina Elektronik Esya | Oda Sayis1
Alani(m2) Uzaklik(m) Sayis1
A 0,08642 0,09375 0,203252 0,096774 0,117647
B 0,117284 0,078125 0,108401 0,129032 0,058824
C 0,148148 0,109375 0,070461 0,16129 0,117647
D 0,141975 0,140625 0,135501 0,129032 0,176471
E 0,135802 0,171875 0,062331 0,129032 0,117647
F 0,123457 0,1875 0,135501 0,096774 0,176471
G 0,135802 0,09375 0,121951 0,129032 0,117647
H 0,111111 0,125 0,162602 0,129032 0,117647

Adim 2: Kriterlere iliskin Entropi Degerlerinin Bulunmasi

Esitlik 2 yardimiyla hesaplanan entropi degerleri (ej) hesaplanmis ve Tablo3’te verilmistir.
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Tablo 3. Kriterlere iliskin Entropi Degerleri (ej)
Fiyat Kullanim Alam | B Kapisina Mesafe | Elektronik Esya Sayis1 | Oda Sayisi

0,994339 | 0,979774 0,970564 0,994201 0,979943

Adim 3: Bilginin Farklilasma Derecesinin Hesaplanmasi

Bir 6nceki adimda elde edilen kriterlere iliskin entropi degerleri esitlik (4) kullanilarak bilginin farklilasma
derecesi (@) degerleri hesaplanmistir. Elde edilen (dij) degerleri Tablo 4’de verilmektedir.

Tablo 4. Kriterlere iliskin (dj) Degerleri
Fiyat Kullanim Alan1 | B Kapisina Mesafe | Elektronik Esya Sayis1 | Oda Sayis1

0,005661 | 0,020226 0,029436 0,005799 0,020057

Adim 4: Entropi Kriter Agirliklarinin Hesaplanmasi

Bu adimda kriterlere iliskin Entropi agirlik degerleri esitlik (5) yardimiyla elde edilmistir. Elde edilen agirliklar
tablo 5 de verilmektedir.

Tablo 5. Entropi Kriter Agirlik Degerleri
Fiyat Kullanim Alan1 | B Kapisina Mesafe | Elektronik Esya Sayis1 | Oda Sayisi

0,069732 0,24915 0,362606 0,071438 0,247074

2.3.2.ARAS Yontemi ile C6ziim
Adim 1: Karar Matrisinin olusturulmasi

ARAS yonteminin yapisi geregi kriterlere iliskin optimal degerler esitlik (7) yardimiyla hesaplanmis ve Tablo
6’da (esitlik 6 da goriildigi gibi) karar matrisinde gosterilmistir.

Tablo 6. Karar Matrisi

MIN MAKS MIN MAKS MAKS
Fiyat(TL) Kullanim B kapisina Elektronik Esya Oda
Alani(m2) Uzaklik Sayisi Sayisi
Ao 350 60 230 5 3
A 350 30 750 3 2
B 475 25 400 4 1
C 600 35 260 5 2
D 575 45 500 4 3
E 550 55 230 4 2
F 500 60 500 3 3
G 550 30 450 4 2
H 450 40 600 4 2

Adim 2: Normalize Karar Matrisinin Elde Edilmesi

Bu adimda, optimal degerlerin veri setine eklenmesi ile olusan karar matrisi standart degerlere dontistiiriilmek
lizere esitlik (8) ve esitlik (9) yardimiyla normalize edilmis ve (Tablo 7) de verilmistir.

Tablo 7. Normalize Edilmis Karar Matrisi

Fiyat(TL) | Kullanim Alani(m2) | B Kapisina Uzaklik | Elektronik Esya Sayis1 | Oda Sayisi
Ao | 0,149715 0,157895 0,179188 0,138889 0,15
A | 0,149715 0,078947 0,054951 0,083333 0,1
B | 0,110316 0,065789 0,103033 0,111111 0,05
C | 0,087334 0,092105 0,158513 0,138889 0,1
D | 0,091131 0,118421 0,082427 0,111111 0,15
E | 0,095273 0,144737 0,179188 0,111111 0,1
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F 0,1048 0,157895 0,082427 0,083333 0,15
G | 0,095273 0,078947 0,091585 0,111111 0,1
H | 0,116445 0,105263 0,068689 0,111111 0,1

Adim 3: Agirlikli Normalize Karar Matrisinin Elde Edilmesi

CKKV yontemlerinde oldugu gibi ARAS yonteminde de alternatiflere iliskin skorlar, 6nem diizeylerini gosteren
agirlik katsayilari ile carpilmaktadir. Bu adimda da elde edilmis Entropi agirlik degerleri esitlik (10) kullanilarak
agirliklandirma islemi gerceklestirilmistir. 6rnegin, fiyat kriterine ait Entropi agirligi Tablo 7'de yer alan her bir
stitun elemani ile c¢arpilarak; agirliklandirilmis degerler elde edilmistir. Agirliklandirma sonrasi elde edilen

karar matrisi Tablo 8’ de gosterilmistir.

Tablo 8. Agirliklandirilmis Normalize Karar Matrisi

Fiyat(TL) | Kullanim Alani(m2) | B Kapisina Uzaklik | Elektronik Esya Sayis1 | Oda Sayisi

Ao | 0,01044 0,039339 0,064975 0,009922 0,037061
A | 0,01044 0,01967 0,019926 0,005953 0,024707

B | 0,007693 0,016391 0,03736 0,007938 0,012354

C | 0,00609 0,022948 0,057478 0,009922 0,024707

D | 0,006355 0,029505 0,029888 0,007938 0,037061

E | 0,006644 0,036061 0,064975 0,007938 0,024707

F | 0,007308 0,039339 0,029888 0,005953 0,037061

G | 0,006644 0,01967 0,033209 0,007938 0,024707

H | 0,01044 0,039339 0,064975 0,009922 0,037061

Adim 4: Si, Ki degerleri ve siralama

Agirliklandirilmis normalize karar matrisinin elde edilmesinin ardindan her bir alternatif i¢in optimallik
fonksiyon degerleri elde edilmistir. Bu asamada esitlik (12) yardimiyla @i degerleri ve esitlik (13) yardimiyla da

@i fayda dereceleri hesaplanmistir.

3. Bulgular

Son olarak @i fayda dereceleri biiyiikten kii¢iige dogru siralanmis ve boylece alternatifler performanslarina gore

Tablo 9. Si, Ki degerleri

Alternatifler Si Ki
A 0,080696 0,49893185
B 0,081736 0,50536176
C 0,121145 0,74902383
D 0,110746 0,68473047
E 0,140324 0,86760791
F 0,11955 0,7391624
G 0,033256 0,20562054
H 0,034971 0,21622297

degerlendirilmis ve Tablo10 da verilmistir

Tablo 10. Ki degerleri ve siralama

Alternatifler KI Siralama
A 0,49893185 6
B 0,50536176 5
C 0,74902383 2
D 0,68473047 | 4
E 0,86760791 1
F 0,7391624 3
G 0,20562054 8
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H 0,21622297 7

4. Tartisma ve Sonug¢

Glinumtuzde yerlesim yeri secimi bireyler ve aileler acisindan oldukc¢a 6nemli bir karardir. Aileler i¢in ev se¢imi
ne kadar 6nemli ise 6grenciler icinde apart se¢imi de bir o kadar 6nem tasimaktadir. Calismada, Kirikkale ili
Yenisehir mevkiinde tiniversite 6grencileri icin 6nemli bir karar olan apart se¢imi CKKV yontemleri ile ele
alinmistir. Ogrencilerle yapilan gériismelerle belirlenen 5 adet kriterin Entropi yéntemi ile agirliklar
belirlenmis; aras yontemi ile 8 aday apart arasindan secim yapilmistir. Sonraki ¢alismalarda apart se¢imi
problemine farkli CKKV yontemleri uygulanabilir.
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Anahtar Kelimeler Oz: imalat siireglerinin 6nde gelen islemlerinden biri de delik delme islemidir.
Delik Delme, Ozellikle makine imalat sektériinde delik delme islemleri, imalat siireclerindeki
Maliyet Hesaby, zamanin iigte birini olusturmaktadir. imalat siireclerinde bu kadar siireyi teskil
E;ogramlama. eden delik delme islemi hem aldig1 siire bakimindan hem de kullamlan kesiciler

bakimindan olduk¢a maliyet olusturmaktadir. Bu ¢alismada, CNC tezgahlarda delik
delme islemlerinde kullanilan {i¢ ayr1 yontemin maliyet acisindan karsilastirilmasi
yapilmistir. Bu yontemler, dogrudan delme, talas bosaltarak delme (gagalama) ve
talas kirarak delmedir. Bu ii¢ yontemde de CNC dik isleme merkezinde kesici takim
firmasimin oOnerdigi veriler ile Meral ve arkadaslarinin tavsiye ettigi kesme
parametreleri kullanilarak delikler delinmis ve isleme siireleri kaydedilmistir.
Microsoft Visual Studio 2017 C# paket programi yardimi ile tezgdh
amortismanindan is¢ilik maliyetlerine kadar tiim siirecin maliyetlerini hesaplayan
bir program hazirlanmistir. Program sayesinde, delik sayisina bagh olarak her bir
delme ydntemine ait isleme maliyetleri elde edilebilmektedir. Ayrica program
sayesinde, farkli kesme parametreleri i¢in delik delme islemlerindeki maliyetler de
hesaplanabilmektedir.

Program Development for Cost Calculation in Different Hole Drilling Operations

Keywords Abstract: Drilling operation is one of the most frequently used process in
Drilling, manufacturing industry. Especially in machine manufacturing sector, drilling
Cost Accounting,

operations take one third of the total production time. Drilling operation cost a lot,
not only because of taking some important time of total production time, but also
because of the drill usage for this process. In this study, the cost comparison of
three different methods evaluated for drilling operation in CNC machines. These
methods are drilling cycle (G81), high-speed peck drilling cycle (G73) and deep
hole peck drilling cycle (G83). The experiments were performed according to the
cutting parameters suggested by Meral et al. with the cutting tool company, and
the machining times measured in these three different methods. A novel program
coded on Microsoft Visual Studio 2017 C#, which is able to calculate from machine
amortization to workmanship, the whole process cost. Process costs can be
calculated according to the number of holes in these different methods, through
this program. Furthermore, drilling operation costs can be calculated for different
cutting parameters too.

Programming,
C#

*lgili Yazar, email: tugayustun1989@hotmail.com
1. Giris

Delik delme islemi yaygin olarak kullanilan {i¢ talasli imalat (tornalama, frezeleme, delik delme) isleminden
biridir. imalat sonucu elde edilen cesitli mamul ya da yar1 mamuller incelendiginde, bircogunda delik delme
islemi oldugu gorilmektedir. Ornegin, bir ugagin kanadindaki ve gévdesindeki perginlerin, motor bloklar ve
silindir kapaklarindaki civatalarin ve gesitli tiiketici lirlinlerinde deliklerin ¢ok sayida oldugu goriiliir. Civata,
vida, perg¢in gibi baglanti elemanlariyla montaj yapmak i¢in delikler kullanilir. Delik delme islemiyle diger talash
imalat islemleri arasinda bir kiyas yapildiginda, delik delme isleminin yaklasik %33’liik uygulanma orani ile en
o6nemli talas kaldirma islemlerinden biri oldugu soylenebilir [1, 2]. Delik delme islemlerinden matkapla delik
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delme kullanilan en yaygin delik delme yontemidir. Delik delme islemi otomotiv sektdrii icin motor iiretiminde
maliyeti en yiiksek olan islemlerden biri durumundadir [3, 4].

Delik delme islemleri esnasinda olusan 1s1 malzemenin ve takimin 1sil iletkenligine bagh olarak ve talasin
uzaklasmasiyla kesme bdlgesinden ayrilmaktadir. Ancak delik delme proseslerinin bircogu derin deliklerden
olusmaktadir [5, 6]. Bu derin deliklerde 1sinin azaltilmas1 daha zor olmaktadir. Bunun sebeplerinden biri de
talasin istenildigi gibi delikten uzaklastirilamamasi, takimin uzun siire isleme maruz kalmasi ve 1sinan bolgelerin
sogumaya zaman bulamamasindan kaynaklanmaktadir [7, 8]. Bu tiir problemler kesici takimin g¢abuk
asinmasina, delik kalitesinde azalmaya, bu da maliyetlerde ciddi yiikselmeye sebep olmaktadir [9, 10]. Bu tiir
problemlerin ¢6ziimii i¢in endiistride matkapla delik delme islemleri li¢ yonteme ayrilmistir [11]. Bunlar;
dogrudan delik delme, talas kirmali delik delme ve talas bosaltmali delik delme yontemleridir [12, 13].

Diger taraftan glinliimiizde isletmeler i¢in toplanan liretim verileri, sirket yoneticilerinin uzun, orta ve kisa
vadede karar vermelerinde yol gostermesi agisindan olduk¢a énemlidir. Buna istinaden, son yillarda rekabet
sartlarina uyum saglayabilmek icin isletmeler yeni nesil maliyet sistemlerine ihtiya¢ duymaktadir. Bu baglamda,
toplam mamul maliyetini dolayli olarak meydana getiren unsurlarin veya genel liretim maliyetlerini mamullere
yukleyen yeni bir sistem ortaya ¢ikmistir [14]. Buna ek olarak, bilgisayarlarin yayginlasmasiyla, tretilen iiriinler
lizerinde yer alan tretim islemlerinin secilen liretim yontemine ve Kkesicilere gore islem zamanlarinin ve
maliyetlerinin hesaplanmasina yénelik, Bilgisayar Destekli Tasarim (BDT) ve Bilgisayar Destekli islem
Planlamasi (BDIP) gelistirilmistir. Ozellikle prizmatik is parcalari lizerinde bulunan unsurlarin imalati i¢in isleme
yontemlerinin secimini otomatiklestiren sistemler iizerinde durulmaktadir. Pamukoglu ve Goéloglu
calismalarinda, mamullerde bulunacak delik tiplerinin islenmeleri siirecinde iiretim yontemi ve secilen kesiciye
gore islem sirasini, siiresini ve maliyetini olusturup en uygun maliyetli olani1 secerek oneren bir sistem
gelistirmislerdir [15, 16].

Bu ¢alismada, CNC tezgahlarda delik delme islemlerinde kullanilan ii¢ ayr1 ydntemin maliyet agisindan
karsilastirmasi yapilmistir. Bu yontemler, dogrudan delik delme, talas kirarak delik delme ve talas bosaltarak
delme (gagalama) yontemleridir. Bu ii¢ yontemde de CNC dik isleme merkezinde kesici takim firmasinin 6nerdigi
veriler ile Meral ve arkadaslarinin ¢alismalarinda kullandig1 kesme parametreleri [17, 18] kullanilarak delikler
delinmis ve isleme siireleri ¢cikartilmistir. Microsoft Visual Studio 2017 C# paket programi yardimi ile tezgah
amortismanindan is¢ilik maliyetlerine kadar tiim siirecin maliyetlerini hesaplayan bir program hazirlanmistir.
Program sayesinde, bu ti¢ yontemde de delik sayisina bagh olarak isleme maliyetleri hesaplanabilmektedir.
Ayrica program sayesinde, farkli kesme parametreleri icin delik delme islemlerindeki maliyetlerde
hesaplanabilmektedir.

2. Materyal ve Metot
2.1. Malzeme

Malzeme olarak Tablo 1’de kimyasal dzellikleri verilmis olan, imalat islemlerinde yaygin olarak kullanilan AISI
1050 standardina uygun 100 x 80 x 24 mm boyutlarinda plaka seklinde celik malzeme secilmistir. icerdikleri
yliksek oranda karbon miktarindan dolay: karbon celikleri olarak da bilinmektedir. Sertlesebilirlikleri icerdikleri
karbon miktarina paralel olarak artarken tokluklari ise karbon miktari ile ters orantilidir. Tasit, motor, makine
ve aparat yapiminda orta zorlamali pargalarda, cer kancalari, disliler, miller ve kalip setlerinde kullanilmaktadir
[19].

Tablo 1. AISI 1050 kimyasal bilesimi [19]
C Si Mn Pmax | Smax | Crmax | Momax | Nmax
0,45-0,55 | 0,25-0,35 | 0,60-0,90 | 0,040 | 0,050 | 0,40 0,10 0,40

Baglama aparati olarak Sekil 1'de goriildiigii tizere CNC dik isleme merkezi {izerinde bulunan ¢elik mengene
kullanilmistir ve parcanin yataylig1 mengeneye baglandiktan sonra komparator saati ile kontrol edilmistir.
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Sekil 1. Delme islemi goriintiisii
2.2. Kesici takim ve CNC tezgah

Deneylerde kullanilan 8mm c¢apindaki haddeli HSS matkap Sekil 2'de gosterilmistir ve 6zellikleri Tablo 2’de
verilmistir.

Sekil 2. 8mm HSS matkap [20]

Tablo 2. Kesici takim 6zellikleri [20]
Malzeme | Cap Standart Tipi | Ug Acis1 | Kesme Yonii | Sap Geometrisi | Uretim Yéntemi
HSS 8mm | DIN 338 I TSISO 235 | N 1182 Sag Silindirik Haddeli

Deneylerde takim tezgahi olarak Gazi Universitesi Teknoloji Fakiiltesi imalat Miihendisligi Anabilim Dalinda
bulunan Johnford VMC - 550 marka CNC dik isleme merkezi kullanilmistir. Tezgah Ozellikleri Tablo3’te
verilmistir.

Tablo 3. CNC o6zellikleri

Tezgah'in Giicii 7,5 KW
En Yiiksek Devir Sayisi 6000 dev/dakika
Sirasiyla x,y,z Ekseninde Kurs | 600,500, 600 mm
Olcii Hassasiyeti 0,001mm

2.3. Kesme parametreleri ve kullanilan ¢evrimler

Kesme parametresi olarak kesici takim firmasinin 6nerdigi veriler ile Meral ve arkadaslarinin tavsiye ettigi
veriler dogrultusunda kesme hizi1 20 m/dak ve ilerleme degeri 0,1 mm/dev kullanilmistir [18, 20]. CNC dik
isleme tezgahlarinda delik delmek igin ti¢ tip ¢cevrim kullanilmaktadir [11]. Bunlar;

e (81: Dogrudan delik delme
e (73: Talas kirmali delik delme
e (83: Talas bosaltmali delik delme yontemidir [21].
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2.3.1. Dogrudan delik delme yéntemi (G81)

Sekil 3’'te belirtildigi lizere, dogrudan delik delme yontemi (G81) delme islemini gagalama yapmadan yani tek
seferde gerceklestiren yontemdir. Bu yontemde, matkap ilk olarak baslangi¢c seviyesindedir ve R (giivenli)
noktasina hizli ilerler. Sonrasinda verilen devir sayisi ve ilerleme ile delme islemini Z noktasina kadar stirdirir.
Son olarak, eger bu cevrim G98 kodu ile uygulanirsa, baslangi¢ seviyesine hizli bir sekilde ilerleyerek ¢evrimi
tamamlayacaktir. Eger G99 kodu ile uygulanirsa, bu sefer Z noktasindan R seviyesine hizli ilerleyerek cevrimi
sonlandirir [13, 22].

G81 (G98) G81 (G99)

gf Baslangic seviyesi
TR G

l | : R noktasi

l | seviyesi
% I R noktasi % *
i |

CL Z noktasi

|
J) Z noktasi
Sekil 3. G81 ydnteminin gosterimi [22]

R noktasi

2.3.2. Talas kirmali delik delme yéntemi (G73)

Sekil 4’te belirtilen talas kirmali delik delme ydnteminde (G73) amag¢ delik delme esnasinda olusan talasin
istenen boyutlarda kirilarak delik igerisinden uzaklasmasinin kolaylasmasidir. Bu ¢evrimde matkap baslangi¢
noktasindan R noktasina hizli ilerler ve R noktasinda verilen ilerleme hiz1 ve devir sayisina gore kesmeye baslar.
Bu islem ¢evrimde verilen dalma miktari (q) kadar devam eder. Daha sonra geri ¢ikma miktar1 (d) kadar, olusan
talasi kirmak igin, hizl bir sekilde geri ¢ikar ve yeniden q kadar ilerleyerek delik sonuna (z noktasi) ulasir. Son
olarak, eger bu ¢cevrim de G98 kodu ile uygulanirsa, baslangi¢ seviyesine hizli bir sekilde ilerleyerek cevrimi
tamamlayacaktir. Eger G99 kodu ile uygulanirsa, bu sefer Z noktasindan R noktasina hizl ilerleyerek ¢evrimi
sonlandirir [13, 22].
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G73 (G98) G73 (G99)
'@ g
Baglangig seviyesi (;
= 4 =P
| |
' l |
|
R noktas: | R noktas: Y R noktas: seviyesi
__X | 2 X
A EY i AT |
Yl | | |
| |
< FTE ol | AT
Y : e | r : e |
| |
| |
= | = |
¢ | A |
| |
\\ | \\ |
\ | \ |
\ | ! |
g 4 )
Z noktas: Z noktasi

Sekil 4. G73 ydnteminin gosterimi [22]
2.3.3. Talas bosaltmali delik delme y6ntemi (G83)

Sekil 5’te belirtilen talas bosaltmali delik delme yonteminde (G73) ise amag, 6zellikle derin deliklerde, delik
delme esnasinda olusan talasin istenen boyutlarda ve miktardaki talasin delik icinden tahliye edilmesidir. Bu
¢evrimde matkap baslangi¢c noktasindan R noktasina hizhi ilerler ve R noktasinda verilen ilerleme hizi ve devir
sayisina gore kesmeye baslar. Bu islem yine cevrimde verilen dalma miktar1 (q) kadar devam eder. Daha
sonrasinda ise geri ¢cikma islemi her seferinde R noktasina kadardir. Sonrasinda yine hizl ilerleyerek bir 6nceki
delinen noktanin d mesafesi kadar yakinina iner. Daha sonra delme islemine q kadar devam eder ve bu sekilde
ilerleyerek z noktasina ulasir. Son olarak, eger bu cevrim de G98 kodu ile uygulanirsa, baslangi¢ seviyesine hizli
bir sekilde ilerleyerek cevrimi tamamlayacaktir. Eger G99 kodu ile uygulanirsa, bu sefer Z noktasindan R
noktasina hizli ilerleyerek ¢evrimi sonlandirir [13, 22].

G83 (G98) G83 (G99)

Baslangi¢ seviyesi

-0 A k%
R noktasi ¥ X R noktasi X R noktasi seviyesi
A ) T4 A 4
q i G0 05 g q R R
. 1 t : 1 )
] & 1 : Y ? ,][ — il : _'_1_
q o q Ty
— LA A
q ' q )
Y . Znoktasi 2; v Z noktasi

Sekil 5. G83 yonteminin gdsterimi [22]
2.4. Program yapisi

Delik Maliyet Programi (DMP)'nin tasarimi ve yazilimi Microsoft Visual Studio 2017 C# paket programi
kullanilarak yapilmistir. Programin ara yiizii Sekil 6’da verilmistir.
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Bu programda genel anlamda, girilen delme parametreleri ve secilen delme ydntemi bilgilerine bagh olarak
isleme siiresi belirlenebilmektedir. Buna bagl olarak giiniimiiz sartlarindaki aylik iscilik, tezgdh ve kullanilan
kesici takim maliyetleri delme maliyetine eklenmektedir. Ayrica ¢alismaya bagh olarak degisen hazirlik maliyeti
ve takim degistirme maliyeti de dinamik olarak hesaba katilabilmektedir. bknzSekil 6. Programin akis
diyagrami Sekil 7’de gosterilmistir.

Programda kullanilan formiilasyon; Esitlik 1’de T takim émrii - (dak); d takim ¢ap1 - (mm); V kesme hiz1 -
(m/dak); e kesme derinligi - (mm); filerleme - (mm/dev) 'dir.

T = (8+ d04v+ £0,7)5 (dak) (1)

isleme maliyetinin hesaplanmasinda esas olarak kullanilan isleme siiresinin her islem icin ayr1 ayr1 hesaplanmasi
gerekmektedir. Daha 6nce her islem i¢in hesaplanan delme derinlikleri Esitlik 2’de yerine koyulursa esas isleme
stireleri bulunur [16, 23]. Esas isleme stiresi;

th = 1,1 ix Ln* f (dak) (2)

Burada; i ayni capta ve derinlikte olan delik sayisi; L delme derinligi - (mm); n devir sayis1 - (dev / dak); f
ilerleme - (mm / dev) "dir. Esitlik 3’te is¢ilik maliyeti (Mi): Iscilik saat ticretidir. Hazirlik zamani maliyeti (MH):
Her ¢oziim icin sadece birinci islemde hesaplanir. Tezgah maliyeti (MT): Bu maliyet hesaplanirken, tezgah alim
fiyati, tezgah hurda fiyati, tezgadhin kullanildig: siire (10 yil), tezgahin giicti, tezgahin tamir bakim ticreti, 1IKWh
enerji fiyati ile amortisman maliyeti (MA), harcanan enerji maliyeti (ME), tezgdh bakim onarim maliyeti (MB)
hesaplanir ve (MT) bulunur.

MT = MA + ME + MB (3)

Kesici takim maliyeti (MK), takim degistirme maliyeti (MTD) ve tiim bu hesaplamalardan sonra delme isleminin
toplam maliyeti (M) Esitlik 4’te gosterildigi formiille bulunur [9];

M = Mi + MH + MT + MK + MTD (4)

Delik Maliyet Programinin calismasi ve formiilasyonu hakkinda ayrintih bilgi Ustiin’iin calismasinda
bulunmaktadir [24].

Delik Maliyet Programinin kullanimi i¢in dncelikle Sekil 6’da 1 numara ile gdsterilen b6limde uygulanan delik
delme yontemi secilir. Ardindan Sekil 6’da 2 numara ile gosterilen béliimler doldurulur. Bu béliimlerdeki veriler
Tablo4’te 6rnek olarak verilen degerler ile doldurulmustur ve istege baglh olarak giincel olan verilerle
degistirilebilir. Yapilan deneysel calismalarda kullanilan delik delme parametreleri ise 3 numara ile gosterilen
yerlere yazilir. Sonuglar “DELIK DELME MALIYETI HESAPLA” butonu ile hesaplatilir.
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o)

|Ta|a$ Bosaltmal Delik Delme Yodntemi

S s— N

KESME HIZI VE TAKI
ilerleme (mm/dev)
matkap capr (mm)
kesme hizi (m/dak)

takim émrii (dak)

iSLEME SURESI
delik sayisi

delik derinligi (mm)
dalma miktar: (mm)
isleme stiresi (dak)
iSCILIK MALIYETI
aylik isci maliyeti (tl)
iscilik maliyeti (tl)

hesapla

tugayiistiin

M OMRU

.
-

2072,43

27,5

lil

0,56

:

4000

AMORTISMAN MAL]J

100000
10000
10

HAZIRLIK MANYETI

hazirlik stiresi (da

hazirlik maliyeti (tl)

ortisman maliyeti (tI) 0,04
ENERJi MALIYETi
tezgah giicii (kw)
enerji fivat: (tl/kwh) 0,45
enerji maliyeti (t) 0,03

BAKIM-ONARIM MALIYETI{

[= ==

TAKIM DEGISTIRME MALI

takim degistirme stiresi (dak)

takim degistirme maliyeti (tl)

0,56

DELIK DELME MALIYETI HESAPLA

0,16

aylik bakim ticreti (tl) 100
bakim maliveti [t]) 0
TEZGAH MALIYETI

tezgah maliyeti (1) 0,08

hesapla

Toplam Delme Maliyeti = 23,12 TL'dir.

Bir Deligin Maliyeti = 23,12 TL'dir:

\\\CIKIS///

Sekil 6. Delik Maliyet Programi (DMP) ara yiizi

Tablo 4. DMP’de alinan sabit veriler

Delik sayis1 1
Delik derinligi 27,5 mm
Dalma miktari 5 mm

Aylik isci maliyeti 4000 TL
Tezgah alim maliyeti 100000 TL
Tezgah hurda maliyeti 10000 TL
Amortisman siiresi 10 y1l
Enerji fiyat1 0,45 TL/kWh
Aylik bakim ticreti 100 TL
Kesici takim fiyati 14 TL
Hazirlik siiresi 30 dakika
Takim degistirme siiresi | 2 dakikadir
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Delme yontemini
Seginiz ! > Ton
Belirli mi?

/

Yukanidaki
Bosluklar
Doldurunuz !
/ Ekranda Bos Veri

Giris Yeri Var mi?

Hayr, 6elme chtem\l

/

/

Tak —
Onfrulrzriljn Amquism_an Kes@ Takrlm
Hesaplanmasi Maliyetinin Maliyetinin =
l Hesaplanmasi | |Hesaplanmasi
Isleme Eneriji Tezgah
Sdaresinin Maliyetinin Maliyetinin
Hesaplanmasi \ Hesaplanmasi Hesaplanmasi
Bakim Onarim
Maliyetinin
iscilik Hazirlik Hesaplanmasi 1
Maliyetinin - ——  Maliyetinin
Hesaplanmasi Hesaplanmas:
L Toplam Delme
Maliyetinin
Hesaplanmasi
Takim
Degistirme
Maliyetinin
Hesaplanmasi
Bir Deligin
Sonuglarin Maliyetinin
Ekranda Hesaplanmasi
Sunulmasi

Sekil 7. Programin akis diyagrami

3. Bulgular

Bu kisimda deney ortaminda ii¢ yontemle uyguladigimiz delik delme deneylerinden ¢ikan bulgular ve Delik
Maliyet Programindan elde edilen veriler sunulmustur.

Bu ¢alismada, Tablo 5’te belirtilen genel delme kosullar1 kullanilmistir.

Tablo 5. Delme deneylerindeki genel kosullar

Malzeme AISI 1050 celik
Kesici takim 8mm HSS kaplamasiz matkap
Kesme hiz1 20 m/dakika
{lerleme 0,1 mm/devir
Delik derinligi (1) 24 mm (boydan boya)

3.1. Dogrudan Delik Delme Yéntemi (G81)

Dogrudan delik delme yontemiyle yapilan delik delme ¢alismasinda matkap gagalama olmaksizin kullanilan
malzemeyi delmis ve alttan patlatmistir. CNC takim tezgahlarinda delme islemi yapilirken oncelikle takim
giivenli bir mesafede is parcasina temas etmeden konumlanmis, ardindan verilmis olan ilerleme ve devir
sayisinda delme islemine baslamistir. Gerceklestirilen deneysel ¢alismada R giivenli yaklasma noktasi, parca
lizerinden 1mm ytkseklikte olacak sekilde belirlenmistir. Sekil 8'de lu ile gosterilen mesafe kor deliklerde O,
alttan patlatmali deliklerde ise pozitif deger alinmaktadir [23]. Esitlik 5’teki formiilasyon neticesinde x degeri
2,404 mm bulunmustur. Bu sebeple lu mesafesi ve x degeri toplam 2,5 mm alinmistir. Sonugcta, delik delme
deneylerinde ve DMP’de Esitlik 6’daki formiil esas alinarak toplam delme mesafesi (L) 27,5 mm olmustur.
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«d/2

W

N
‘4***&

v
X A
1mm
f i E '
L 1 L
: ] L
lu
>
Sekil 8. Delme kurs boyu [23]
tan(¥/2) = % /x ise x = d/(2tan(¥/2)) (5)
L=1l+x+1+1lu (6)

Deney sonuglarina gore dogrudan delik delme ydnteminde bir delik 24 saniyede yani 0,4 dakikada
tamamlanmistir. Delik Maliyet Programindaki sonuglarda ise ayni parametreler girildiginde bir delik i¢in islem
stiresinin 0,38 dakika oldugu goriilmiistiir. Bu sonuglar neticesinde isleme siiresinde 0,02 dakika sapma oldugu
gozlemlenmistir.

Maliyet hesaplamada ise delik sayisini bir aldigimiz icin program bir delikte takimin asindigini ayrica hazirlik
stiresini ve takim degistirme siiresini yalniz bir delik i¢in hesaplanmistir. Buna goére 0,38 dakikalik delik delme
maliyeti 23,05 TL olarak bulunmustur. bknz$ekil 9.

& [= ==

|Do§jrudan Delik Delme Yontemi
KESME HIZI VE TAKIM OMRU AMORTISMAN MALIYETI KESiCi TAKIM MALIYETI

tezgah alim fiyati (tl) 100000 kesici takim fiyati (tl)

ilerleme (mm/dev)

ra =
S =

matkap capi (mm) tezgah hurda fiyati (tl) 10000 kesici takom maliyeti (t]) 14
kesme hizi (m/dak) amortisman siiresi (yil) HAZIRLIK MALIYETi
takim émrii (dak) 2072,43 amortisman maliyeti (tI) 0,03

hazirlik stiresi (dak)

iSLEME SURESI ENERJi MALIYETi hazirlk maliyeti () 8,33

delik sayist tezgah gticti (kw) TAKIM DEGISTIRME MALIYETi
delik derinligi (mm) enerji fiyati (tl/kwh) takim degistirme stiresi (dak)
isleme stiresi (dak) 0,38 enerji maliyeti (tl) 0,02 A e B L EE
BAKIM-ONARIM MALIYET]
iSCILIK MALIYETI aylik bakun iicreti (tl) 100 DELIK DELME MALIYETi HESAPLA
aylik isci maliyeti (t]) |4000 bakim maliyeti (tl) 0
iscilikk maliyeti (tl) 0,11 TEZGAH MALIYETI Toplam Delme Maliyeti = 23,05 TL'dir.
hesapla tezgah maliyeti (1) 0,05 Bir Deligin Maliyeti = 23,05 TL'dir.
hesapla W\CIKIS///

tugayiistiin

Sekil 9. DMP’de dogrudan delik delme uygulamasi
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3.2. Talas Kirmali Delik Delme Yontemi (G73)

Talas kirmali delik delme yonteminde talasin derin delik esnasinda istenenden fazla uzamamasi i¢in takimin
belirlenen dalma seviyesinde bir miktar yukari ¢ikarak talasi kirmasi ve tekrar delmeye devam ettirilmesi
esastir. Gergeklestirilen deneysel calismada tipki dogrudan delik delme yonteminde oldugu gibi R giivenli
yaklasma noktasi, parca lizerinden 1mm yiikseklikte olacak sekilde belirlenmistir. Yine lu mesafesi ve x degeri
toplam 2,5 mm alinmistir ve toplam delme mesafesi (L) 27,5 mm olmustur. Ayrica, dalma miktar1 5 mm olarak
alinmistir.

Deney sonuglarina gore talas kirmali delik delme yonteminde bir delik 29 saniyede yani 0,48 dakikada
tamamlanmistir. Delik Maliyet Programindaki sonuclarda ise ayni parametreler girildiginde bir delik icin islem
stiresinin 0,47 dakika oldugu goriilmiistiir. Bu sonuglar neticesinde isleme siiresinde 0,01 dakika sapma oldugu
gozlemlenmistir.

Maliyet hesaplamada ise delik sayisini bir aldigimiz i¢cin program bir delikte takimin asindigini ayrica hazirlik
suresini ve takim degistirme stiresini yalmz bir delik icin hesap etmistir. Buna gore 0,47 dakikalik delik delme
maliyeti 23,08 TL olarak bulunmustur. bknz$ekil 10.

& ===
|Ta|a§ Kirmah Delik Delme Yontemi
KESME HIZI VE TAKIM OMRU AMORTISMAN MALIYETI KESICI TAKIM MALIYETI

tezgah alim fiyati (t) 100000 kesici takim fiyat: (tl)

ilerleme (mm/dev)

matkap capt (mm) tezgah hurda fiyati (tl) 10000 kesici talam maliyeti (tl) 14
kesme hizi (m/dak) amortisman stiresi (yil) HAZIRLIK MALIVETI
takim émrii (dak) 2072,43 amortisman maliyeti (tI) 0,03

hazirlik stiresi (dak)

ISLEME SURESI ENERJi MALIYETI hazurlik maliyeti (t]) 833

T L) TAKIM DEGISTIRME MALIYET]
delik derinligi (mm) 27,5 enerji fiyat: (tl/lkwh) alam degistirme siivesi (dak)

dalma miktar: (mm) enerji maliyeti (tl) 0,03

I

delik sayisi

I

takim degistirme maliyeti (t]] 0,56

Slempae gl AT BAKIM-ONARIM MALIYETI

iSCILIK MALIYETI aylik balam iicreti (t1) 100 DELIK DELME MALIYETI HESAPLA
aylik isgi maliyeti (t]) {4000 bakim maliyeti (tl) 0
iscilik maliyeti (t) 0,13 TEZGAH MALIYETI Toplam Delme Maliyeti = 23,08 TL'dir:
hesapla tezgah maliyeti (tl) 0,06 Bir Deligin Maliyeti = 23,08 TL'dir:
hesapla \\CIKIS/ //

tugayliistiin

Sekil 10. DMP’de talas kirmali delik delme uygulamasi
3.3. Talas Bosaltmali1 Delik Delme Yontemi (G83)

Talas bosaltmali delik delme yonteminde ise talasin derin delik esnasinda istenenden fazla uzamamasi ve talas
tahliyesinin kontrol edilmesi i¢cin gagalama yaptirilir. Talas bosaltma islemi takimin belirlenen dalma seviyesine
ilerledikten sonra R seviyesine ¢ikarak talasi tahliye etmesidir. Gergeklestirilen deneysel calismada 6nceki delik
delme yontemlerinde oldugu gibi R giivenli yaklasma noktasi, parca lizerinden 1mm yiikseklikte olacak sekilde
belirlenmistir. Yine lu mesafesi ve x degeri toplam 2,5 mm alinmistir ve toplam delme mesafesi (L) 27,5 mm
olmustur. Ayrica, dalma miktar1 yine 5 mm olarak alinmistir.

Deney sonuglarina gore talas bosaltmali delik delme yonteminde bir delik 31 saniyede yani 0,52 dakikada
tamamlanmistir. Delik Maliyet Programindaki sonuglarda ise ayni parametreler girildiginde bir delik i¢in islem
stiresinin 0,56 dakika oldugu gorilmistiir. Bu sonuglar neticesinde isleme siiresinde 0,04 dakika sapma oldugu
gozlemlenmistir.
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Maliyet hesaplamada ise delik sayisini bir aldigimiz i¢in program bir delikte takimin asindigini ayrica hazirhik
siiresini ve takim degistirme stiresini yalniz bir delik i¢in hesap etmistir. Buna gore 0,52 dakikalik delik delme
maliyeti 23,12 TL olarak bulunmustur. bknz$ekil 11.

|Ta|a§ Bosgaltmali Delik Delme Yontemi
KESME HIZI VE TAKIM OMRU AMORTISMAN MALIYETI KESICI TAKIM MALIYETI

tezgah alim fiyati (tl) 100000 kesici takim fivat: (tl)

ilerleme (mm/dev)

[%] (=]
S s

matkap capi (mm) tezgah hurda fiyati (tl) kesici takim maliyeti (tl) 14

kesme hizi (m/dak) amortisman stiresi (yil) HAZIRLIK MALIVETI

takim émrii (dak) 2072,43 amortisman maliyeti (t]) 0,04 hazirlik siiresi (dak)
ISLEME SURESI ENERJI MALIYETI hazurlk maliyeti (tl) 833

delik sayist gty TAKIM DEGISTIRME MALIYET]

delik derinligi (mm) 27,5 enerji fiyat: (tl/kwh) alam degistirme siivesi (dak)

dalma miktar (mm) enerji maliyeti (t) 0,03

I

takim degistirme maliyeti (t]] 0,56

e LR BAKIM-ONARIM MALIYETI

iSCILIK MALIYETI aylik balam dicreti (t]) 100 DELIK DELME MALIYETi HESAPLA
aylik isgi maliyeti (t]) {4000 bakim maliyeti (tl) 0
iscilile maliyeti (tl) 0,16 TEZGAH MALIYETI Toplam Delme Maliyeti = 23,12 TL'dir:
hesapla tezgah maliyeti (tl) 0,08 Bir Deligin Maliyeti = 23,12 TL'dir.
hesapla \\CIKIS///

tugayiistiin

Sekil 11. DMP’de talas bosaltmali delik delme uygulamasi
4. Tartisma ve Sonug

AISI 1050 imalat ¢eliginin ti¢ delik delme yontemi ile CNC dik isleme merkezinde delinmesi ve bu yontemlerin C#
paket programinda hazirlanan maliyet hesaplama programi ile hesaplanmasi sonucu elde edilen sonuglar
asagidaki gibi siralanabilir.

e Her li¢ delik delme yonteminde de gercek delme sartlarinda ortaya ¢ikan stireler tespit edilmistir.

e Delik delme siireleri bakimindan en kisa siire alan delme yonteminin dogrudan delme daha sonra talas
kirarak delik delme ve en sonda talas bosaltarak delik delme yéntemi oldugu ortaya ¢ikmistir.

e Parametreler ayn1 kalmak sartiyla, gelistirilen Delik Maliyet Programinin siireler a¢isindan gergege yakin
¢alistig1 dogrulanmistir.

e Delik Maliyet Programiyla tahmini takim émrt hesaplatilmistir.

e iscilik, tezgah, sarf malzemesi, hazirhk ¢alismalar ve takim degistirme gibi ara islemler de hesaba katilarak
gercege yakin bir maliyet hesaplatilabilmistir.

Calismalar ve degerlendirmeler sonucunda bazi 6nerilerde bulunulmustur. Bunlar;

e Programin birden ¢ok delik delinmesindeki hesaplamalarin testi icin daha fazla delik delme ile test edilebilir.

e Programdaki delik delme formiillerinin daha degisken kosullara uymasi i¢in farkli varyasyonlar denenebilir.

e Programi farkl alanlarda da maliyet hesaplayabilecek sekilde eklemeler yapilabilir. Hatta bu bir mamuliin
isletmedeki tiim siireglerini ele alip ayr1 ayr1 ve toplam maliyet olarak hesaplatilabilir.

o Sirketlerin maliyetinde daha dogru sonuca ulasabilmek i¢in kirtasiye, kira gibi daha fazla gider eklenebilir.

e Yapilan hesaplamalarin rapor halinde ¢ikti alinmasi saglanabilir.

e Hesaplanan degerleri tarih bazl olarak veri tabaninda saklanip, daha sonrasi i¢in bir birikim olusturulabilir.
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Keywords Abstract: Although industrial wastewater treatment plants (WWTP) have become
Life Cycle Assessment, an important part of textile facilities in reducing environmental pollution
Neutralization, problems, they also produce sludge and various emissions such as high chemical
Sustainability, oxygen demand, color and conductivity which have serious negative impacts on
Textile Industry, the environment. One of the processes with enormous chemical consumption in
Wastewater treatment, industrial WWTP of textile facilities is the neutralization process, which aims to

adjust the pH of the wastewater. Neutralization processes needed to be optimized
in order to determine its overall environmental impacts and then identify the most
environmentally appropriate options. The aim of this study is to compare the
environmental impacts of carbon dioxide and sulfuric acid, which are two
alternative chemicals used in the neutralization process of textile facilities, using
Life Cycle Assessment (LCA) approach. The environmental impacts resulting from
the use of these two chemicals proposed according to the Reference document on
Best Available Techniques (BREF) Document for Textile Industry were revealed by
the CML-IA method and the gate-to-gate method. According to the results, using
carbon dioxide instead of sulfuric acid, the best improvement was in the abiotic
depletion category with 92%, while the least improvement was in the
eutrophication potential with 39%. No improvement was observed in the global
warming potential and human toxicity impacts.

Tekstil Atiksu Aritma Tesisinde Notralizasyon Prosesinin Yasam Dongiisii

Degerlendirmesi
Anahtar Kelimeler Oz: Endiistriyel atik su aritma tesisleri, ¢evre kirliligi sorunlarinin azaltilmasinda
Yagam dongii analizi, tekstil tesislerinin 6nemli bir parc¢asi haline gelmesine ragmen, cevreye ciddi
Nétralizasyon, olumsuz etkileri olan ¢camur ve yiiksek kimyasal oksijen talebi (COD), renk ve
Surdurilebilirlik,

iletkenlik gibi cesitli emisyonlar da iiretirler. Tekstil tesislerinin endiistriyel atik su
aritma tesislerinde muazzam kimyasal tiiketimi olan siire¢lerden biri de atik suyun
pH'in1 ayarlamay1 amaglayan ndtralizasyon islemidir. Bu durumda, genel ¢evresel
etkilerini ortaya koymak ve ardindan ¢cevreye en uygun secenekleri belirlemek i¢in
notralizasyon stlrecinin optimize edilmesi gerekiyordu. Bu calismanin amaci,
tekstil tesislerinin nétralizasyon siirecinde kullanilan iki alternatif kimyasal olan
karbondioksit ve siilfiirik asidin ¢evresel etkilerini Yasam Dongiisi
Degerlendirmesi (YDA) yaklasimi ile karsilastirmaktir. Atik Aritimi icin Mevcut En
Iyi Teknikler Referansi (BREF) Belgesine gore onerilen bu iki kimyasalin
kullanimindan kaynaklanan cevresel etkiler, CML-IA metodu ve kapidan kapiya
yontemiyle ortaya konulmustur. Elde edilen sonuglara gore, siilfiirik asit yerine
karbondioksit kullanildiginda en iyi gelisme %92 ile abiyotik tiikenme
kategorisinde olurken, en az gelisme %39 ile 6trofikasyon potansiyelinde oldu.
Kiiresel 1sinma potansiyeli ve insan toksisite etkilerinde herhangi bir gelisme
gozlenmemistir.

Tekstil endiistrisi,
Atik su aritma,

*[lgili Yazar, email: fatma.senerfidan@agu.edu.tr
1. Introduction

The textile industry is one of the sectors that uses the most water, with approximately 200 liters of water to produce 1

kg of textile products [1]. Water used in wet processes such as brushing, desizing, mercerizing, bleaching, dyeing, and
finishing turns into wastewater (WW) containing large amounts of pollutants that are very harmful to the
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environment [2, 3]. The worldwide United Nations Environment Program is estimated that the industry is responsible
for dumping 300-500 million tons of heavy metals, solvents, toxic sludge and other waste into water each year [4].
Textile WW is considered to be the dirtiest of all industrial sectors due to both the volume produced and the
composition of the chemicals [5]. WWs discharged from textile WWTP includes dyes, metals, salts and other
pollutants. Therefore, it has high in color, pH, salt, fats, oil, phosphorus, temperature, suspended solids, chemical
oxygen demand (COD), biochemical oxygen demand (BOD) and metals [6-9]. This leads to rapid depletion of oxygen
due to the high dissolved BOD value and contaminated surface waters and contaminated aquifers, i.e. water-
containing soil or rock layers [10]. WW with high BOD and COD values are highly toxic to biological life. In addition,
since most of the dyes and chemicals used in the textile industry are synthetic, they cannot be easily
biodegradable[11, 12]. Moreover, low pH in WW causes corrosion of the water transport system and dissolution of
metal in water, while high pH water causes scaling in sewage systems. Also, large pH fluctuations are detrimental to
the flora and fauna of the receiving bodies [13].

As it is stated above, WWTPs are necessary for the textile industry process with high chemical pollution load to
comply with the discharge limits determined by law [14] by reducing their environmental impact. There are mainly
three type treatments of textile industry WW: biological treatment, chemical treatment and combinations of these two
[15]. These WWTPs include various processes to adjust the characterization of textile WW to discharge.
Neutralization is a chemical process by which the pH of the incoming raw WW is adjusted to the neutral pH level by
the addition of chemicals so as to make it biologically treatable in the further treatment process [16]. Neutralization is
a necessity, especially in industrial treatment systems with biological treatment steps. For most natural water it is in
the range of 6.5 to 8.5 pH levels, and this neutral pH is essential for the survival of aquatic organisms [17]. Therefore,
WWTP uses a neutralization process to ensure that pH values are within an acceptable range before discharging the
WW. Textile WW can be acidic or alkaline depending on the content of the processes. Therefore, the chemicals to be
used for neutralization vary according to the characterization of the WW. Chemicals such as Caustic (NaOH) and
Calcium Hydroxide (CaOHz) can be used for acidic WW, while chemicals such as Sulfuric Acid (H2S04) and Carbon
Dioxide (CO2) can be used for alkaline WWs [18] . The most known and used chemical for neutralization of alkali
textile WWs are sulfuric acid or carbon dioxide and also mentioned in the BREF document for Textile Industry [16].
The European Integrated Pollution Prevention and Control (IPPC) Bureau produces sectoral Best Available Technic
reference documents called BREFs to identify best practices and explain techniques. These produced reference
documents ensure that the control of emissions is carried out in a consistent manner. Sulfuric acid is strongest,
cheapest and most common chemical choice for neutralization process in generally. However, sulfuric acid is defined
corrosive for human and dangerous for the environment [19]. Sulfuric acid has a risk for the environment and human
beings. Carbon dioxide, which is in liquid form under pressure with negative temperatures, is used in a closed system
in the neutralization process. Carbon dioxide is a good alternative to sulfuric acid due to the amount required for the
process and its environmental impacts.

Regardless of the chemical used in the neutralization process, it is one of the hazardous processes for the environment
with the huge chemical consumption in the WWTP. Although the neutralization process has to be applied to comply
with environmental standards, it also has an environmental impact. Therefore, the neutralization process and the
chemical alternatives used in it should be evaluated in terms of their environmental impacts. LCA is one of the best
methods to evaluation of potential environmental impacts of a product, service or process throughout its life cycle
[20] according to ISO 14040 and ISO 14044 [21, 22]. Although LCA has been implemented in many disciplines since
1960, it has been used for the implementation of WW treatment in the 1990s. Since then, many studies were
published on the LCA of WWTPs in the literature [23]. In the WWTP area, LCA has been applied to many different
fields such as evaluation of conventional technologies and non-conventional technologies [24, 25], operation [26],
construction [26], dismantling, water cycle [27, 28], energy use [29, 30] and characterization factor [31]. However,
although there is such a huge literature, there is no study focusing on the neutralization process and chemicals used in
this process. It is clear that LCA is a valuable tool to investigate environmentally sustainable WWT methods and to
assess their environmental impact [32].

In this study, the environmental impacts of the neutralization process in an alkaline textile WWTP are investigated
with the LCA approach. The substitution of sulfuric acid with carbon dioxide in the neutralization process was
examined in terms of environmental impacts. To our knowledge, there is no study in the literature that examines the
environmental impacts of chemicals used in the neutralization process with the LCA approach. Therefore, this study
will provide both industry experts and researchers with a perspective for more sustainable chemical selection in
neutralization proses from a sustainability point of view.

2. Materials and Methods

In this study, the environmental impacts of carbon dioxide and sulfuric acid, which are two alternative chemicals used
in the neutralization process of textile facilities, were investigated using LCA approach. There are four phases for an

505



Life Cycle Assessment of the Neutralization Process in a Textile WWTP

LCA study: goal and scope definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA), and
interpretation. The following stages were organized according to LCA phases.

2.1. Goal and Scope

The goal of this study was to evaluate the potential environmental impacts of carbon dioxide and sulfuric acid, which
are two alternative chemicals used in the neutralization process of textile facilities using a life cycle approach. These
two chemical alternatives have been proposed in the BREF document for Textile Industry [16] for the neutralization
process and are widely used in WWTPs. In this study, the LCA methodology ISO 14040 and ISO 14044 [21, 22] were
used to assess the environmental impact of two different methods for the neutralization chemicals, which is the sub-
process of biological WWTPs. This work was carried out in a denim textile factory using cotton as the main raw
material. It has own biological treatment plant with annually 700.000 m3 capacity and discharges its WW to the
municipality sewage system after treatment. The neutralization process has the same capacity as WWTP since all the
WWs need to be decreased to pH. Figure 1 shows the flowchart of the WWTP.
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Tre ent

%

Equalization
R Tank
i Sulfuric acid or
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3 System Process
! Boundaries
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Figure 1. Flowchart of the WWTP.

The process mainly consists of primary, secondary, and tertiary treatment processes. In primary treatment floating
and suspended solids are removed by mechanical devices. It includes screening, neutralization, equalization,
coagulation, and sedimentation processes. Secondary treatment consists of involving the biological degradation of
organic material by microorganisms under controlled conditions. In this process, biological oxidation of the organic
material occurs under aerobic conditions in which the WW is aerated to supply oxygen for the micro-organisms.
Biological WWTPs consist of a primary tank, neutralization tank, aeration tank, and sedimentation tank. However,
since the scope of this study mainly focuses on the neutralization process, all remaining sub-processes were excluded
because the remaining sub-processes and the electricity consumption in the neutralization process were the same for
both chemical options. The functional unit was chosen 1 m3 influent and the system boundary was gate-to-gate.

2.2. Life Cycle Inventory

In this study, life cycle inventory (LCI) was prepared by using primary and secondary data. Process specific primary
data for chemical consumptions were collected from a textile plant in Turkey for the year 2018. Secondary, LCI data
were collected from the Ecoinvent V3.0 database [33]. Table 1 shows that all primary and secondary data used for LCI

and chemical consumption values are given for 1 m3 of WW.

Table 1. Chemical consumption for neutralization of 1 m3 of WW

Chemicals Sulfuric acid Carbon dioxide

Consumptions 1.04 kg 0.44 kg
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2.3. Life Cycle Impact Assessment

Comparison of two different neutralization chemicals with LCA was implemented using gate to gate approach with
SimaPro 8.4. PhD version software [34]. The LCA was conducted according to ISO 14040 and ISO 14044 standards.
The CML-IA was selected as the LCA life cycle assessment method and a total of 11 environmental impacts categories
were evaluated [35]. These categories are abiotic depletion (ADP), global warming potential (GWP), ozone layer
depletion (ODP), human toxicity potential (HTP), fresh aquatic ecotoxicity potential (FAETP), marine aquatic
ecotoxicity potential (MAETP), terrestrial ecotoxicity potential (TETP), photochemical oxidation potential (PCOP),
acidification potential (AP), and eutrophication potential (EP).

3. Results

In this study, the environmental impacts of two chemical alternatives in the neutralization process were compared
with the LCA method. The results obtained for LCIA were given in Table 2.

Table 2. Chemical consumptions of two different neutralization process (1 m3 WW)

Impact category Unit Neutralization with sulfuric acid Neutralization with carbon dioxide
ADP kg Sb eq. 2.76E-05 2.09E-06
ADP-fossil fuels M] 6.32E+00 2.84E+00
GWP kg COz eq. 1.71E-01 3.50E-01
ODP kg CFC-11 eq. 4.12E-08 2.30E-08
HTP kg 1,4-DB eq. 3.51E-01 5.25E-01
FAETP kg 1,4-DB eq. 2.02E-01 1.04E-01
MAETP kg 1,4-DB eq. 6.54E+02 3.32E+02
TETP kg 1,4-DB eq. 9.52E-04 5.15E-04
PCOP kg C2H4 eq. 3.05E-04 6.77E-05
AP kg SOz eq. 7.59E-03 8.66E-04
EP kg PO4 eq. 8.02E-04 4.86E-04

Thanks to the substitution of sulfuric acid with carbon dioxide, the highest improvement was achieved in the ADP
category, with a 92% improvement from 2.76E-05 kg Sb eq. to 2.09E-06 kg Sb eq. The second and third categories
with the greatest improvement were AP and PCOP, respectively, with improvements of 89% and 78%. AP of
neutralization processes using carbon dioxide is decreased from 7.59E-03 kg SO; eq. to 8.66E-04 kg SO; eq. (Table 2).
Also, 55% improvement was achieved in ADP (fossil fuels) category decreasing from 6.32E+00 to 2.84E+00. Similarly,
49% and 48% of improvements were observed in the FAETP and MAETP categories. TETP category decreased from
9.52E-04 to 5.15E-04, an improvement of 44%, which is still significant. The least improvements occurred in the ODP
(44%) and EP (39%) categories, respectively. Figure 1 showed the normalized improvement percent for comparing
two neutralization options with the CML-IA method. It is obviously seen that neutralization with carbon dioxide has
lower environmental impacts than the sulphuric acid in most environmental impacts considered. The most
improvement was obtained in the ADP, AP and PCOP categories, respectively.
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Figure 1. Result of LCIA for comparing two neutralization options with CML-IA method (*fossil fuels)

In contrary to the aforementioned environmental impact categories, the neutralization process with carbon dioxide
has a deterioration of 104 % and 50 % in GWP and HTP categories, respectively. The GWP value for sulfuric acid is
1.71E-01 kg CO> eq. In the literature, environmental impact of industrial sulfuric acid production system was evaluate
using LCA [19]. The study found that for the functional unit of this study, sulfuric acid emitted 9.28E-02 kg of CO;
equivalent. The results of this study are similar to the results we obtained in this study. Eco-friendly green chemistry
options to ensure sustainable development have become more popular among a number of alternatives in the
literature. For example, green chemistry and engineering for wastewater treatment were examined and the use of
supercritical carbon dioxide has emerged as an environmental friendly alternative to organic solvents and that the
combination of ionic fluids, especially supercritical CO, is important [36]. In another study proposed a new and
effective catalysis system by using in situ carbonic acid from carbon dioxide as a green acid in the presence of
Chromium chloride [37]. According to the results, in situ carbonic acid can be used as a low-cost and less
environmental impact acid to replace mineral acids such as sulfuric acid. According to IPCC (2013), carbon dioxide has
25 times less greenhouse effect than methane and 310 times less than nitrogen dioxide [38]. According to this study,
carbon dioxide has a less environmental impact in many categories such as AP, EP etc. The results of this study were
realized in parallel with the studies in the literature examining carbon dioxide from an environmental perspective. As
a result, it is clear that the neutralization process with carbon dioxide yields better results in many environmental
impacts and carbon dioxide is more sustainable as also suggested in the BREF document for Textile Industry
published in 2018.

4., Discussion and Conclusion

The purpose of this study was to evaluate the potential environmental impacts of the two chemical alternatives
applied in the neutralization process using the LCA in a WWTP of a textile factory in Turkey. With this approach,
sulfuric acid is substituted carbon dioxide following the BREF document for Textile Industry [16], aiming to adjust pH
in the neutralization process. CML-IA method is chosen for the assessment of environmental impacts.

The results showed that the neutralization process with carbon dioxide is better in nine of the eleven environmental
impacts examined, while the neutralization process with sulfuric acid is better in the two environmental impact
categories as GWP and HTP. Significant improvements in the range of 89-92% were achieved especially in ADP, PCOP,
and EP impact categories. Thus, using carbon dioxide in the neutralization process will have important contributions
in reducing the emission of phosphorus in water, depletion of non-living resources, and secondary air pollution.
However, with the use of carbon dioxide in the process, GWP category value doubled. Similarly, there was a 50%
increase in the HTP category. Since the most important environmental impact of the textile industry is water
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pollution, the fact that carbon dioxide has a less environmental impact than sulfuric acid in the categories of ADP,
ODP, FAETP, MAETP, TETP, PCOP, AP, and EP will reduce this pollution. Carbon dioxide, one of the two chemicals
proposed to be used for neutralization in the BREF document for Textile Industry, is a more sustainable alternative to
sulfuric acid for alkali WWs according to the LCA results.

The findings of this study will provide insight for scientists, policy-makers, and experts to improve the sustainability
of WW treatment plants. These results showed that the neutralization process environmental impacts could be
reduced by substitution of the chemicals with green alternatives according to LCIA methods. In further studies, LCA
can be conducted including the whole process of WWTPs to have a holistic approach. Moreover, other chemicals used
for alkali WW neutralization process can be added to the comparison.
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