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ABSTRACT

In this study, a telecommunication investment concerning WLL (Wireless
Local Loop) system, which is aimed to set up in a district with 5000 fixed phone
users, is analysed. Using Simulation and Integer Goal Programming methods,
convenient WLL system, DECT (Digital Enhanced Cordless Telecommunications)
or PHS (Personal Handyphone System), and its service capacity are determined by
taking into consideration defined goals of technology, cost and quality.
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KABLOSUZ LOKAL SEBEKE YATIRIMININ BENZETIM VE TAMSAYILI AMAC

PROGRAMLAMA YONTEMLERI iLE DEGERLENDIRILMESI

OZET

Bu caligmada; 5000 adet sabit telefon kullanicisinin bulundugu bir ilgede
kurulmas: diigiiniilen WLL (Wireless Local Loop, Kablosuz Lokal Sebeke)
sistemine iligkin haberlesme yatiriminin degerlendirilmesi yapilmigtir. Benzetim
ve Tamsayili Amag¢ Programlama yontemlerinin kullanildig1 bu degerlendirmeyle,
DECT (Digital Enhanced Cordless Telecommunications) ve PHS (Personal
Handyphone System) WLL sistemlerinden hangisinin, nekadarlik servis
kapasitesiyle bolgede kurulmasinin uygun olacagi; tanimlanmis teknoloji, maliyet
ve kalite amaglar1 dogrultusunda belirlenmistir.

Anahtar Sozciikler: WLL, DECT, PHS, sabit telefon, tasiyici kanal, trafik kanali

1. GiRiS

Teknoloji agisindan yirminci ylizyil diinya tarihinde
carpict degisimlerin ve yeniliklerin en yogun bi¢imde
yagsandigi bir dénem olmustur. Teknolojinin evrensel
baglamdaki bu hizli degisimi, yaraticisi olan insanoglunun
hayatin1 da biiyiik dlciide etkilemistir. Ekonomik, sosyal,
kiiltiirel ve siyasal anlamda sahip olunan aligkanliklar,
davraniglar, bakis acilar1 ve izlenen stratejiler durmaksizin
gelisen teknoloji ile birlikte degismistir ve halen de
degismektedir.

Bilim ve teknolojide giiniimiize kadar olan gelismelerin
en yogun olarak yasandigi alanlarin  basinda
telekomiinikasyon gelmektedir. Ozellikle son yirmi yila
bakildiginda telekomiinikasyon teknolojilerinde biiyiik ve
siirekli bir gelismenin kaydedildigi goze g¢arpmaktadir.
Bunun sebebi olarak insan hayatinin her alaninda iletisim
ihtiyacimin giin gegtikge artmasi gosterilebilir. iletisim
ihtiyacindaki artigin arkasinda yatan en biiylik neden ise
zamandan ve mekandan bagimisiz olarak bilgiye
erisebilme gereksiniminin giderek daha ¢ok Onem
kazanmasidir.  Buradan da  anlagilacagi  {izere

1. INTRODUCTION

In world history, twentieth century regarding
technology was a period in which drastic changes and
innovations had been lived. Being universal and rapid,
technology has mergly effected the life of human being
who is creator of it. In means of economic, social, culturel
and political; habits, behaviors, point of views and
strategies followed have come to change with the
advancing techonology and thet change is still lasting.

Telecommunication (telecom) is in lead of the fields
that scientific and technologic advances have intensively
been lived in. When we look especially to last twenty
years, it is remarkably realized that telecom technologies
have enjoyed great and contiously development. It is
resulted from the growing needs of communication day by
day in all fields of human life. The most important reason
behind the growth of communication needs is that
necessity of access to information free from time and place
is gradually becoming more important. As it is understood
from this fact, in general means, telecom technologies are
in a trend focusing on minimizing to restrictions of time
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telekomiinikasyon teknolojileri genel olarak insan
hayatinda  Dbilgiye erismede zaman ve mekan
parametrelerinin kisitlayiciligini minimize etmek iizerine
odaklanmig bir teknolojik ilerleme trendi igerisinde
bulunmaktadir. Bu ilerleme trendi dogrultusunda, gelisen
telekomiinikasyon endiistrisi insan hayatinin her alaninda
ortaya ¢ikan iletisim ihtiyaglarini daha efektif bigimde
karsilamak amaciyla yeni lriinlere ve sistemlere dayali
coziimler tretmeye ¢aligmistir. Bugiin, bu alandaki
caligmalarin iletisim ihtiyaclarint en etkin bicimde
karsilamanin Gtesine gectigi ve insanin aklina gelmeyen
iletisim ihtiyaglarin1 yaratarak talep olusturacak yeni
¢oziimler liretmeye yoneldigi de bir gergektir.

Gliniimiizde bu alandaki ¢aligmalarin bir ¢ogu; zaman
ve mekan bagimsizligint maksimize ederken, altyap:
maliyetlerini minimize eden kablosuz haberlesme
teknolojilerine (wireless communication technologies)
odaklanmugtir. S6z konusu bu teknolojinin en 6nemli
ozelligi; bilginin tagindigi sinyallerin kablo yerine RF
(Radio Frequency) dalgalariyla havadan iletilmesidir.
Kismen veya  tamamen  kablosuz  haberlesme
teknolojilerine dayali haberlesme sistemleri daha diisiik
altyapt isletme-bakim maliyetleri ile birlikte iletisim
ihtiyaglarin1 daha genis ¢esitlilikle karsilamaya olanak
saglar.  Telekomiinikasyon  diinyasinda  kablosuz
haberlesme  teknolojilerine ~ dayali  uygulamalara
verilebilecek en genel iki 6rnek uydu haberlesme ve mobil
(gezgin) haberlesme sistemleridir. Gelecegin en popiiler
iletisim ¢6ziimii olacagi kabul edilen mobil haberlesme
sistemleri bugilin tim diinyada hizla yaygmlasmakla
birlikte her gegen giin kullanicilarma artan c¢esitlilikte
servisler de saglamaktadir. Bilgiye erismede zaman ve
mekan bagimisizligi saglayarak diinyanin kiigiilmesinde
6nemli rol oynayan mobil haberlesme sistemlerinin en
yaygin kullanilanlar1 olarak WLL (Wireless Local Loop,
Kablosuz Lokal Sebeke) ve GSM (Global System for
Mobile Communications) sistemleri gosterilebilir.

2. WLL (Wireless Local Loop, Kablosuz Lokal
Sebeke)

WLL, bir telefon sebekesinde aboneleri yerel santrala
baglamak icin klasik bakir kablo yerine kullanilan bir
radyo erisim sistemidir. WLL kullanimi ile abonelere daha
cabuk servis saglanabilmekte, tesis ve isletme masraflari
diismektedir. Bugiin yerel erisim i¢in WLL kullanmak
isteyen bir igletmeci hiicresel mobil, mikro dalga, uydu ve
kablosuz teknolojiler gibi degisik sistemler secebilir. Sekil
1’ de WLL yerel erisim sistemleri yapist gosterilmistir.

WLL sistemi uygulamalar: i¢in esas olarak iki farkli
yaklagim bulunmaktadir; Uzak (makro-hiicresel) ve kisa
(mikro-hiicresel) erisim mesafeli radyo yaklasimlari.

Uzak mesafeli radyo yaklasimi, noktadan-noktaya ve
noktadan-cok-noktaya (PMP, Point-to-Multi-Point) ile
hiicresel teknolojilerden gelistirilen sistemler olmak {izere
iki kategoriye ayrilirlar. PMP  sistemleri, cografi
kosullardan veya baska nedenlerden dolay1 ulasilamayan,
yerel santrala uzak mesafedeki yerlesim yerleri igin
ekonomik ¢oziimler sunmaktadirlar.

Hiicresel teknolojiler iizerine kurulu belli basli analog

and place parameters to achiving information. Being
associated with that trend of advance, telecom industry try
to produce new products and solutions to meet more
effectively the demand of communication in all fields of
human life. Now, it is fact that workings in telecom field
surpass the needs of communication. Moreover, telecom
industry is coming to light many communication needs of
which people are not aware before and in this direction, it
is designing new solutions which shall create additional
demands in future.

Today, many workings in telecom field focuse on
wireless communication technologies maximizing to
independence of time and place and minimizing to
infrasutructure costs. The most important feature of this
technology is that signal carrying data is tranmitted via RF
(Radio Frequency) on air in stead of cable. Telecom
systems based particially or purely on wireless
technologies provides lower cost for operation and
maintenance of infrastructure and flexibility as meeting to
communication demands. The most spesific two example
system for applications based on wireless technologies in
telecom world are sattalite and mobile communications.
Especially mobile communication systems are becoming
more popular and widespread day by day in the world.
GSM (Global System for Mobile Communication) and
WLL (Wireless Local Loop) are two important example
for mobile communication systems  providing
independence of time and place and making world small.

2. WLL (Wireless Local Loop)

WLL is a kind of radio access system which allow
subscribers to arrive local exchange via RF instead of
classic copper cable. When WLL is prefered, it brings
lower plant and operation costs besides opporcunity of
giving quick service to subcribers. Today, a telecom
operator who wants to use WLL for local access can
choose variable systems such as cellular mobile,
microwawe, satellite and wireless. The construction of
WLL local access system is showen in Figure 1.

There are two basic radio methods for practices of WLL
system, one is long distance access (macro-cellular) and
other is short distance access (micro-cellular).

Being developed from cellular technologies, long
distance access method involves two category; point to
point and point to multiy point (PMP). PMP systems bring
in cost effective solutions for settling areas which is far
from local exchange and hard to achive owing to harsh
geographical conditions.

It is possible to show; NMT (Nordic Mobile
Telephone), AMPS (Advanced Mobile Phone System) and



sistemler olarak; NMT (Nordic Mobile Telephone),
AMPS (Advanced Mobile Phone System) ve TACS (Total
Access Communication System); hiicresel dijital sistemler
olarak da GSM (Global System for Mobile
communication) ve DCS1800 (Digital Communication
System 1800) gosterilebilir (1).

DECT (Digital Enhanced Cordless
Telecommunications), CT2 (Second Generation Cordless
Telephone) ve temel olarak DECT ile benzer prensiplerde
calisan PHS (Personal Handyphone System) belli basli,
kisa mesafeli radyo yaklagimina dayali sayisal kablosuz
haberlesme sistemleri olarak gosterilebilir (1).

2.1. WLL’ in Sagladig1 Avantajlar

Telefon isletmecileri, abonelerinin saglanan
haberlesme servislerine erisiminde teknolojik
uygulanabilirlik kolaylig1 ve ekonomiklik getiren WLL
sistemlerini tercih etmektedirler. WLL’ in uygun bir
erisim teknolojisi olmasini saglayan onemli avantajlarini
asagida verildigi gibi siralamak miimkiindiir (2);
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TACS (Total Access Communication System) as basic
analog systems based on cellular technologies and
additionally GSM (Global System for Mobile
communication) ve DCS1800 (Digital Communication
System 1800) as cellular digital systems (1).

DECT (Digital Enhanced Cordless
Telecommunications), CT2 (Second Generation Cordless
Telephone) and PHS (Personal Handyphone System)
having basicly similar working principles with DECT can
be given examples for main wireless communication
systems based on short distance radio method (1).

2.1. The Advantages of WLL

Telecom operators generally prefers WLL systems
about access to provided communication services for their
subcribers owing to being convenience of tecnological
application and cost effective. It is possible to enumerate
important advantages making WLL a convenience access
technology as given bellow(2);

hd . .
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LE !
. ]
1 [ ]
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LE-Local Exchange  /LE-Lokal Santral
RBS-Radio Base Station /RBS-Radyo Baz Istasyonu
Adaptori
0&M-Operation&Maintenance / O&M-igletme&Bakim
Note: WLL system can contain of more RBS or RTA unit than one.
"~ /Not: WLL sistemi iginde bir gok RBS ve RTA elemanlari bulunabilir.

NM-Network Management / NM-Ag Yonetimi
RTA-Radio Terminal Adapter /RTA-Radyo Terminal

CT-Customer Terminal / CT-Musteri Terminali

Figure 1. WLL reference model
Sekil 1. WLL referans modeli

®  WLL teknolojisinin kurulma maliyeti kablo erigsimine
gore oldukga azdir.

® WLL kablo erisim uygulamalarina gore ¢ok daha
kisa bir siirede (90 ile 120 giin) kurulabilmektedir.
Hizli kurulabilmesi ile yapilan yatirnm kisa siirede
geri donmektedir.

® Sebeke bakim, idare ve isletim maliyeti diisliktiir.
WLL donanimi sabotaj, hirsizlik veya gesitli etkenler
tarafindan verilebilecek hasarlara karst daha az risk
tagimaktadir.

® Diisiik sebeke genisletme maliyetine sahiptir. WLL
alt yapisi kurulduktan sonra eklenecek her bir yeni
abone ¢ok kiicik bir ek maliyetle servise

®  When it is compared with cable access system, WLL
has lower setup cost.

®  When it is compared with cable access system, WLL
can be set up in shorter time (90 to 120 days). Thus
the return of investment take a short time.

® The costs of operation, administration and
maintenance are fairly low. Equipment of WLL carry
lower risk towards damages possibly commig from
variable reasons such as sabotage, theft etc.

® [t has lower cost to extend network. After
infrasutructure setup of WLL is completed, per new
subscriber can easily be involved to system within
little additional cost. WLL has an flexible
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alinabilmektedir. WLL sistemleri esnek bir yapida
olup abone sayisindaki artislart karsilayabilecek
yapidadir.

2.2. WLL Secimi

Isletmecilerin kendi ihtiyaclar icin segecegi, en uygun
WLL sistemi bir ¢ok faktore baglidir. Aboneler yerel
santraldan uzak mesafelerde oldugunda (kirsal alanlar
icin) makro-hiicresel tabanli bir ¢dziim uygun olacaktir.
Abone yogunlugunun ¢ok fazla oldugu sehir merkezleri
i¢in mikro-hiicresel tabanli kablosuz haberlesme sistemleri
(DECT,CT2 ve PHS gibi) dinamik kanal secimi
vasitastyla, kanallari en verimli olarak kullanabilme
ozelligiyle uygun ¢oziim olacaklardir. Yine sehirlerde
kablosuz haberlesme sistemleri, kisa mesafeli tekrar
kullanabilme 6zellikleri ile yogun abone sayisi i¢in gerekli
trafik kapasitesini saglayacaklardir. Abone yogunlugunun
sehirlere gore nispeten daha az oldugu yerlerde ise
hiicresel mobil sistemlerden faydalanmak daha uygun
olacaktir. Sekil 2°’de WLL sistemlerinin yerel santraldan
uzakliga gore uygulama alanlar1 goriilmektedir (1).

construction so that it can meet the increase in
number of subscribers.

2.2. Selecting a WLL System

Selection of a WLL system which meets the needs of
operators depends on many factors. If the subscribers
living in rural area are far away fron local exchange, it can
be said that macro cellular solutions will be suitable for
that case. However, if it is mentioned about an urban area
having a great deal of subscriber density, wireless
communication systems based on micro cellular such as
DECT, CT2, PHS etc. will be convience to provide s
solution owing to the fact that it utulizes channels most
effectifly with dynamic channel selection. Wireless
communication systems used in urban areas provide
necessary traffic capacity for intensive subscriber number
by means of being reusable in short distance. On the other
hand, cellular mobile system is more suitable for some
areas having a fewer subscriber number density compared
to urban areas. It is possible to see the scope of WLL
systems in respect of distance from local exchange, in
Figure 2 (1).

Sy]:uscn]:uerDensit}.r
rI: ) = . Distance from local exchange frerel santralden uzaklik
fabone vodunludu
(Hat/km 1 llrm 10 km 100 km
Tthan
JKent
800 Wireless WLL
Suburban | /Eablosuz WL
JBanlivo
100
Fural
Airsal Cellular wLL AHlcresel Wil
13 M
Arahle
fMezra PMP

Figure 2. Scope of WLL systems
Sekil 2. WLL uygulama alanlar1



Analysis Of Wireless Local Loop Investment .../Kablosuz Lokal Sebeke Yatiriminin ...

Table 1. Digital WLL systems’ technical features
Cizelge 1. Dijital WLL sistemlerinin teknik 6zellikleri

cr2  peer s |

Frequency Range|890-915 1710-1785
864-868 1880-1900 1895-1918.1

(MHz) 935-960 1805-1880
Access Method TDMA/FDMA |TDMA/FDMA FDMA/FDD [TDMA/TDD |TDMA/TDD
Modulation GMSK GMSK GMSK GMSK p/4ADQPSK
Speed (kbits/s) 270 270 72 1152 384
Voice channel RPE-LPT ADPCM
codding RPE-LPT ADPCM ADPCM ADPCM

ADPCM ADPCM
Output Power 2,5,8,20 0.25,1.0 10m 250m 10m
Number of carrier 200 200 100 12 77
Channel/carrier 8 8 1 10 4

Diinyada yaygin olarak kullanilan bazi énemli dijital
WLL sistemleri ile bunlara iligkin teknik o6zellikleri
Cizelge 1°de verildigi gibi siralamak miimkiindiir (3).

3. DECT VE PHS SiSTEMLERININ
BENZETIiMi

Yeni bir sistemin kurulmasi veya mevcut bir sistem
tizerinde degisiklikler yapilmast s6z konusu oldugunda
elde edilebilecek olasi sonuglar1 6nceden gorebilmek igin

genelde  benzetim  tekniklerine  bagvurulmaktadir.
Benzetim Teknikleri ile yeni bir sistemin veya mevcut bir
sistem  {izerindeki  degisikliklerin  nasil  sonuglar

verebilecegi sistemin matematiksel olarak modellenmesi
ve bilgisayar ortaminda  ¢alistirilmast  suretiyle
goriilebilmektedir. Sisteme iliskin gerceklesmis verilerin
girdi olarak kullanildigi benzetim modellerinden elde
edilecek sonuglar belirli bir giiven araliginda olasilikli
sonuglar vermektedir. Yani benzetim teknikleri kullanmak
suretiyle bir sistemin davranigina iligkin yaklasik sonuglar
elde etmek miimkiindiir.

Bu ¢aligmada; mevcut haberlesme sistemi kapsamini
genisletecek olan DECT ve PHS sistemlerinin her biri i¢in
ayri olarak Benzetim Teknigi kullanilmistir. Olusturulan
benzetim modeli, Visual Basic ile hazirlanan paket
program vasitasiyla bilgisayar ortaminda ¢alistirilarak
¢Oziilmistiir.

S6z konusu cografi yerlesim bolgesi, biyiikligi
itibariyle tek bir baz istasyonu ile kapsama altina
aliabildiginden ve telefon abonelerinin haberlesme trafigi
yalnizca bu baz istasyonundan gegeceginden Otiiri
benzetim modeli tek varishidir. Modelin servis sayist ise
DECT ve PHS sistemlerine ait tasiyicilarin (carrier)
sayisina gore degismektedir. Cizelge 1° de belirtildigi gibi,
DECT sisteminin bir adet baz istasyonu herbiri 10
haberlesme kanalindan olusan 12 adet tasiyictya; PHS
sisteminin bir adet baz istasyonu ise her biri 4 haberlesme

3. SIMULATION OF DECT AND PHS
SYSTEMS

Simulation technichs are generally employed to see the
probable value of some required parameters before a new
system’s establishment or making changes on a current
system. Using simulation technics, it is possible to see
what resuts apear regarding some changes on a new or
current system via creating mathemathical model and
running in computer. Obtained results from simulation
models in which realized data for system is used as input
are in a reliance range based on probablities. So it can be
said that behavior of a system is able to be anticipated
nearly by using simulation technichs.

In this study, simulation method is employed particialy
for DECT and PHS systems which expand the current
communication system. The builded simulation model was
runned by a pocket program prepared in Visual Basic to be
solved.

The simulation model mentioned above has one arrival
because the geographical settling area taken up can be
covered by a base station in respect of wideness and the
communication traffic of subcribers goes through only that
base station. Also, the number of service in model
changes depending on number of carrier of DECT and
PHS systems.

As it is understood from Table 1, one base station of
DECT system has 12 carriers which each one of those
involvs 10 communication channels and one base station
of PHS system has 77 carriers which each one of those
involvs 4 communication channels. Consequently, DECT
system’s one base station has maximum 12 x 10 = 120
channel providing communication and similarly that value
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kanalindan olusan 77 adet tasiyiciya sahiptir. Yani DECT
sistemine ait bir baz istasyonunun haberlesmeyi saglayan
maksimum kanal sayis1 12 x 10 = 120 iken ayn1 say1 PHS
sistemi i¢in 77 x 4 = 308’ dir. Kanal sayisinin bu cografi
bolgede  fazlasiyla  yeterli olmast ve  sonucu
degistirmemesinden Otiirii, burada her iki sistemin ortak
paydada degerlendirilmesi agisindan, PHS sisteminin
maksimum kanal sayist da 120 olarak kabul edilmistir.

Yukarida da bahsedildigi lizere benzetim modelinde her
iki sistem i¢in servis sayilar tastyici kanal sayilarina bagl
olarak tayin edilmekte dolaysiyla; her sistem igin servis
say1st, sahip oldugu 1 adet tasityict kanalin igerisinde yer
alan trafik kanali sayilarinin katlar1 dogrultusunda
degismektedir. Yani; DECT sistemi i¢in servis sayilar1 10
ve 10’ un katlar1 seklinde; PHS sistemi i¢in de 4 ve 4’ {in
katlar1 seklinde degismekte olup her iki sistemin bir adet
baz istasyonu i¢in maksimum servis sayist 120 kanal
olarak alinmigtir.

Benzetimi yapilan sistemlerin haberlesme sistemleri
olmasindan o&tiirii sistemde bekleme dolaysiyla kuyruk
olmamaktadir. Sisteme varan abone ancak sistemdeki
trafik kanallarin bog olmasi durumunda haberlesme servisi
alabilmektedir.

Benzetim modelinin girdilerini ise variglar arasi
ortalama zaman araligi, ortalama servis siiresi, abone
sayis1 ve servis sayisi parametreleri tegkil etmektedir. Bu
parametrelerden variglar arasi ortalama zaman araligi ve
ortalama servis siiresi, sistemin kurulacagi yerlesim
merkezi ile benzer niteliklere sahip yerlesim merkezlerinin
geemis santral istatistikleri g6z Oniinde bulundurularak
elde edilmis olup sirasiyla; ortalama 0.10 dakika ve 3.5
dakikadir.

Benzetim modelinde; gerek hizmet sektoriindeki gibi
belirli sikliklarla miisteri variglarinin oldugu sistemlerin
benzetiminde uygun olmast (4), gerekse de haberlesme
trafigi hesaplamalarinda sistem ve abone davraniglarini en
iyi bigimde yansitmasi bakimindan tercih edilen (5), iistel
dagilim yaklasimi kullanilmustir.

Abone sayisiin 5000 olarak alindig: benzetim modeli,
her iki sistemin karakteristik 6zelligine bagli olan servis
sayilarinin arttirilmasi, diger parametrelerin (abone sayisi
ve trafik degerleri) ise sabit kalmasi suretiyle 10 defa
calistirilarak ortalamalar1 alinmigtir.

Benzetim ¢iktilardan “Sistemden Hizmet Alan Abone
Sayis1” ve “Sistemin Ortalama Doluluk Orani1”, hangi
haberlesme sistemi yatirnmimmin yapilacagina karar
verilmesi esnasindaki degerlendirmede géz oniine alinan
kistaslardan ikisini olusturmaktadir.

PHS ve DECT Haberlesme Sistemleri i¢in degisen
servis sayilart dogrultusunda elde edilen benzetim
sonuglar1 Cizelge 2 ve Cizelge 3° de oldugu gibi
gerceklesmistir (4).

is 77 x 4 = 308 channel for PHS system. Because the
number of channel is highly enough to meet the
communication need and result does not change, PHS
system’s maximum channel number is assumed 120
inorder to bring two systems to common denominator.

As it is mentioned above, number of service is assigned
according to number of carrier channel in simulation
model of each two system, so number of service for each
system changes depend on the times of number of traffic
channel which is in per carrier channel. Finally, the
number of service changes with times of 10 and 4 for
succesively DECT and PHS. It is considered that one base
station of each system has 120 channels as maximum
number of service.

As the simulation model of each two system is realted to
communication, there is no waiting or que for subscibers
in each system. The subscriber arriving to system can get
communication service on the provided that at least one
traffic channel in system is free.

The input parameters of simulation model are mean
interarrival time, mean service time, number of subcriber
and number of service. Data of mean interarrival time and
mean service time were obtained according to past traffic
values of similar settling areas with the area taken up in
this study and their values are succesively 0.10 and 3.5
minutes.

In the simulation model, exponantial disturbution
method was used. Exponantial disturbution method is
reagarded as convenient for service sector in which
customers’ arrival occure in fixed frequency (4) and
succesful at reflecting the behaviour of system and
subscriber in the calculation of communication traffics (5).

Simulation model with 5000 subscribers was runned in
computer 10 times for each increasing service number and
outputs obtained were averaged when number of
subscriber, mean interarrival time and mean service time
parameters were unchanged.

“Number of Subscribers Getting Service From System”
and “Mean Utilization of System” of simulation outputs
are two of criterias which shall be used to sellect the
communication system investment.

Simulation results of DECT and PHS communication
systems for variable service number are given in Table 2
and Table 3 (4).
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Table 2. Simulation results of PHS system
Cizelge 2. PHS sistemine ait benzetim sonuglart

PHS System Simulation Results
Service Total Subscriber Number of Rate of Subscriber | Rate of Mean Utilization
Number Number Subscriber Getting | Getting Service (%) of System
Service (%)

4 5000 534 10,68 95,75

8 5000 1154 23,08 95,49
12 5000 1746 34,92 95,55
16 5000 2163 43,26 93,95
20 5000 2723 54,46 93,17
24 5000 3192 63,84 91,67
28 5000 3730 74,6 88,79
32 5000 4120 82,4 86,42
36 5000 4401 88,02 85,46
40 5000 4767 95,34 81,18
44 5000 4820 96,4 75,18
48 5000 4983 99,66 68,86
52 5000 4985 99,7 66,78
56 5000 4998 99,96 61,26
60 5000 5000 100 57,18
64 5000 5000 100 53,6
68 5000 5000 100 50,93
72 5000 5000 100 47,65
76 5000 5000 100 45,14
80 5000 5000 100 42,88
84 5000 5000 100 40,84
88 5000 5000 100 38,98
92 5000 5000 100 37,29
96 5000 5000 100 35,73
100 5000 5000 100 34,31
104 5000 5000 100 32,99
108 5000 5000 100 31,76
112 5000 5000 100 30,63
116 5000 5000 100 29,57
120 5000 5000 100 28,59
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Table 3. Simulation results of DECT system
Cizelge 3. DECT sistemine ait benzetim sonuglari

DECT System Simulation Results
Service Total Number of Rate of Subscriber Rate of Mean
Number Subscriber Subscriber Getting Service (%) Utilization of
Number Getting Service System
(%)
10 5000 1396 27,92 95,26
20 5000 2723 54,46 93,17
30 5000 3923 78,46 89,14
40 5000 4767 95,34 81,18
50 5000 4965 99,3 69,31
60 5000 5000 100 57,18
70 5000 5000 100 49,01
80 5000 5000 100 42,88
90 5000 5000 100 38,12
100 5000 5000 100 34,31
110 5000 5000 100 31,19
120 5000 5000 100 28,59

Benzetim sonuglar1 dogrultusunda ortaya g¢ikan, Sekil 3
ve Sekil 4° deki grafiklerden anlasilacag: {izere, her iki
alternatif sistemin servis kapasitesi arttikca hizmet alan
abone sayilarinda da belli bir noktaya kadar artis
gozlemlenmektedir. Abonelerin % 100’ {inlin yarattig1
trafigin, her iki sistem tarafindan da tamamiyla
karsilanabildigi bu noktadan sonra, servis kapasitesindeki
her birim artiga karsilik hizmet alan abone sayisinin
degismedigi goriilmektedir. Ayrica, Cizelge 2 ve Cizelge
3’ deki sonuglardan da anlasildig1 gibi, hizmet alan abone
oraninn % 100 olmasindan sonra servis sayisinin
arttirilmasi yalnizca haberlesme kanallarindaki yogunlugu,
yani sistemin ortalama dolululuk oranini azaltmaktadir. Bu
bilgiler 1s181nda, her iki sistemin de tek bir baz istasyonu
ile s6z konusu cografyadaki haberlesme trafigini fazlasiyla
karsilayabilecegi sonucunu da ¢ikarmak miimkiindiir.

As it is understood from Figure 3 and Figure 4 reflecting
simulation results, when service capacity of each system is
increasing, similarly number of subscriber getting service
from system is rising up to a point. Altough increase in
service capacity is seen, the number of subscriber getting
service has same value after the point in which all
subscribers’ traffic is supplied completly by each of two
systems. Moreover, after the rate of subscriber getting
service is 100 %, increasing of service number only makes
the utilization in communication channels, namely rate of
mean utilization of system lower as it can be seen from
results in Table 2 and Table 3. However, it can be point
out that each system can adequately cover the
communication traffics of geographical area mentioned in
this study via uniqu base station.
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Figure 3. Number of subscriber getting service for each number of service (PHS)
Sekil 3. Servis sayisina gore degisen hizmet alan abone sayist (PHS)
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Figure 4. Number of subscriber getting service for each number of service (DECT)
Sekil 4. Servis sayisina gore degisen hizmet alan abone sayist (DECT)
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4. TAMSAYILI AMAC PROGRAMLAMA
TEKNIGININ KULLANILMASI

4.1. Amag Programlama

Amag programlama, belirlenmis hedefler dogrultusunda
birbirleriyle ¢eligen kararlarin ayni anda en iyilenmesini
saglayan matematiksel bir yontem olup dogrusal
programlama konularindan birisidir. Amag programlama
teknigi; oncelik iliskili ve 6ncelik iliskisiz olarak iki farklt
simifta incelenir. Oncelik iliskili amag programlamada,
tanimlanmig hedeflerin 6nem agirliklar1 degismekte olup
hedefler 6nem derecelerine gore siralanir. Oncelik iliskisiz
amag programlamada ise bu agirlik degerleri esit
oldugundan tanimlanmis hedefler ayni anda saglanmaya
caligilir (6).

4.2. Sistem Secimine Yonelik Tamsayih Amag
Programlama Modelinin Kurulmasi

Her iki sisteme iliskin yapilan benzetimler ile ¢esitli
servis sayilarinda mevcut abonelerin haberlesme
ihtiyaglarinin hangi oranda kargilanabilecegi ve yaratilan
haberlesme trafigi ile kanallarin doluluk oranlarinin ne
olacag saptanmis olup gerceklesebilecek tiim durumlarin
haritasi ¢ikartilmigtir. Béylece, Tamsayili Amag
Programlama Modeline iliskin girdilerin bir kismin tegkil
eden benzetim sonuglari elde edilmistir.

Tanimlanmis amaglar dogrultusunda, hangi haberlesme
sistemi yatiriminin, ne sayida haberlesme kanali kapasitesi
ile kurulacagina karar verilmesini saglayacak olan
Tamsayilt Amag Programlama Modelinin diger girdileri
ise yatirim maliyetleri, isletme-bakim maliyetleri ve
kapsama alani igerisindeki abone yogunlugu verilerinden
olugmaktadir.

Tim elde edilen veriler 1s1ginda, Tamsayili Amag
Programlama Modelinde yer alacak olan ¢esitli yatirim
kistaslarinin yapisi olusturulmustur.

DECT ve PHS haberlesme sistemlerine iliskin yatirim
karari, Tamsayili Ama¢ Programlama Modelinde asagida
verilen bes kistasa dayali olarak incelenmistir.

Hizmet alan abone orani

Haberlesme sisteminin doluluk orani

Yatirim maliyetleri

Isletme ve bakim maliyetleri

Tastyici kanal bagina diisen abone yogunlugu

DA WD

Yukardaki kistaslar ¢ercevesinde, secilecek uygun
haberlesme sisteminin; karlilik, hizmet kalitesi, maliyet
etkinligi ve optimum kapasite kullanimiyla ilgili
tanimlanan amaglara uygun sekilde hizmet vermesi
istenmektedir. Bu dogrultuda, sistem segimine ydnelik

modelin genel yapisim1 asagidaki gibi agiklamak
miimkiindiir.
k. amag (P, )= Zari D, + Zcrj .Pj <=2b,
i i
1<k<y
P, 2P, 2... 2P, (Amag onceliklerinin

tanimlanmast.)

4. EMPLOYING INTEGER GOAL
PROGRAMMING METHOD

4.1. Goal Programming

Goal programming (GP) is a kind of mathematical
method and one of linear programming subjects. GP is
such a method that decisions being in contradiction can be
synchronously made better with it. GP method is divided
to class that are preemptive and non-preemptive. At
preemptive GP, importance degrees of determined goals
are different from each others and so goals are ordered
according to their importance degree. At non-premptive
GP, there is no ordering between determined goals owing
to fact that all importance degree of goals are equal so they
are tried to be reached at the same time (6).

4.2. Building Integer Goal Programming Model To
Sellect System

Rate of supply of communication needs of subscribers
for various service number and utilization of traffic
channels were determined at previous section involving
simulation results of two systems and so it is possible to
see all probable behaviors of two system with these results.
Thus, simulation results constituting some parts of integer
goal programming model inputs are available.

The other parts of model inputs are investment costs,
operation-maintenance costs and subscriber density in
coverage beam. Finally all decision criterions in integer
goal programming model are complated.

In integer goal programming model, investement
decision regarding DECT and PHS communication
systems’ sellection are evaluated based on five criterions
given below.

Number of subscriber getting service
Utilization rate of communication system
Investment costs

Operation and maintenance costs
Subscriber density for per carrier channel

SNh WD =

The communication system which shall be sellected
according to criterions given above is expected to give
service according to determined goals about profitablity,
service quality, cost effectiveness and optimum capacity
usage. In light of these
general form of model reagarding system selection is
stated as follow.

Goal numbered k (P, ) = Zari .Di + Zcrj .Pj
i i

<=>b, 1<k<n

P, 2P, 2... 2P, (Defining priority of goals)
Zcrj Ppos=20,

j

D, =(0.1)



Cok amagli programlama yapisinda gosterim :

Da; D+ c;.P, R N-R P=b,
i i

Zari .D; +Zcrj.Pj <=2b,
i i

z D, + z Pj =1

i i

D, =(0,1)
P =(0,0)

(\Y

R,N2>0

R, P20
Model notasyon tanimlart :

P : k. amacmn &ncelik agirlig:.

D, : i adet tagtyict kanal sayisina sahip DECT sistemi
karar degiskeni.

P I j adet tasiyici kanal sayisina sahip PHS sistemi karar
degiskeni..

a, : Teknoloji matrisinin, r. kisit satirindaki D; karar
degiskeni katsayisi.

Cj * Teknoloji matrisinin, r. kisit satirindaki P i karar
degiskeni katsayisi.

b :r. kisit fonksiyonunun sag taraf sabiti.

R N: k. amag degerinden olan negatif sapma.

R P : k. amag degerinden olan pozitif sapma.

Daha dnce belirtilen hizmet kistaslarina dayali amaglar
ve genel yapist yukarida verilen Tamsayili Amag
Programlama Modeli asagidaki bi¢imde tanimlanmustir.

1. Amag (P,) : Hizmet alan abone oranmin en az %50
olmast.

2. Amag (P,) : Servislerin ortalama doluluk oranmin
en az % 30 olmasi.

3. Amag (Pj3)

minimum olmasi.

Isletme ve bakim maliyetlerinin

4. Amag(P,): Tasiyict kanal basina diisen abone

yogunlugunun en fazla 220 abone/km’

olmasi.

Tamsayili Amac¢ Programlama modelinde; hizmet
kalitesi ve karlilik esaslarina dayali 1 ve 2 nolu amaglar 1.
derece oncelige, maliyet etkinligine dayali 3 nolu amag 2.
derece oncelige ve optimum kapasite kullanimina dayali 4
nolu amag¢ da 3. derece Oncelige sahip olacak sekilde

tammlanmustir (P4 =P, >P5 >P,).

Stiphesiz ki; belirtilen sayisal amaglar ile bu amaglarin
oncelik tanimlamalari, isletmelerin hizmet politikalaria
ve bu hizmeti verebilme sartlarmin tanimlandigi isletme
lisansinda yer alan hiikiimlere gore degisiklikler
gosterebilir.

i
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P =(0.1)
R, N>0
R,P>0

Defination of model notations :

P : Priority degree of goal numbered k
D;
channel at number of i

: Decision variable for DECT system having carrier

P i Decision variable for PHS system having carrier

channel at number of j

a; : Coefficient of decision variable D;in subject line
numbered r of technology matrix

Cy - Coefficient of decision variable P j in subject line
numbered r of technology matrix

ght hand side constant of subject function numbered r
R N : Negative deviation from value of goal numbered k

R P : Possitive deviation from value of goal numbered k

Goals based on service criterions stated before and
integer goal programming model of which general form
given above are defined as follow.

Goal 1 (P ) : Rate of subscribers getting service is 50% at
least.

Goal 2 (P, ) : Rate of services mean utilization is 30% at
least.

Goal 3 (P5) : Operation and maintenance costs are
minimum.

Goal 4 (P 4 ): Subscriber density for per carrier channel is

220 subscriber/ km* maximum. At integer goal
programming model, Goal 1 and Goal 2 which are
concerning about quality of service and profitability have
primer priority, Goal 3 concerning about cost effectiveness
has seconder priority and Goal 4 concerning about

optimum usage of capacity has third priority (P =P, >
P5 >Py).

These goals and their priorities can be different for each
company working in telecom sector according to service
policy followed and commands being in operation licence.
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Amaglar:

11 27

L Amag(Pp)= Y. a;.D + D¢y P 205
i—2 i=5
11 27

2. Amag(Py)= » ay.Dy+ Y Cy P 203
i—2 s

11 27
3. Amag (Py) = » @5.D; + D¢y P <
i=2 =5
1800
11 27
4. Amag(P,)= D a,.D; + D¢, P, <22
i—2 -5

P1 =P2 > P3 > P4 (Amag dnceliklerinin tanimlanmasi.)

Cok amagli programlama yapisinda gosterim :

11 27

L. Y.a;.D;+ > cy.P +RN-RP=05
i=2 =5
11 27

2. Y ay.D;+Dcy P +RyN-R,P=03
i—2 =5
11 27

3. Yay.D + D cy P + RGN - RyP -
i—2 =5
1800
11 27

4. > a;.Dy+>c, P +R,N-R,P=220
i—2 =5
11 27

5. Y.ag.D+ ey Py < 19000
i-2 -5
11 27

6 D, + z P, =1
i=2 i=5

7. D, =(0,1) i=234,...11

8. P,=(0.1) §=567,....27

9. R N0 k=1234

10. R P >0

Tammlanmis amaglar dogrultusunda, minimize
edilmesi gereken sapma degiskenlerinin yer aldigi amag
fonksiyonu ve amaglarin 6ncelik dereceleri asagidaki gibi
agiklanmugtir.

Amag Fonksiyonu :

ZMin=P,.(R4N), P, (R,N), P5.(R5P),

Goals :

11 27

I Goall ()= > @;.Dy + D ¢y P, 205
i—2 =5
11 27

2. Goal2 (Pp)= » @, .D; + D cy P 203
i—2 i=5

11 27
3. Goals (P5) = ».ay.D; + Doy P <
i =5
1800

11 27
4. Goald(P4)= Y @4.D; + > c,.P <220
i—2 i=5

P1="P2 > P3 > P4 (Defining priorities of goals.)

Projection in form of multi objective pogramming :

27
D, + D cy.P; +R,N-R,P=05

1 ay - b
i=2 =5
11 27
2. Y ay.D+ > cy P +R,N-R,P=03
i—2 i=5
11

27
3, ay.D; + > Cy . P, +RyN-R5P=1800
=5

27
[+ D Cy P, #RyN-R,P=220
-5

i=2
11 27
> ag - D; + ZC5J- P, < 19000
i=2 j=5
11 27
i=2 i=5
7. D;=(0,1) i=234,....11
8. Pj =(0,1) j=5,6,7,....,27
9. RN 20 k=1234
10. RP >0

In the light of goals defined, objective function
involving deviation variables needing to be minimized and
priority degree of goals are stated as follow.

Objective Function :

Z Min = P{.R4N ), P,.R,N), P,.(R,yP),



P,.(R4P)
Amaglarm Oncelik Dereceleri :

P,=P, >P, >P,

Yukaridaki modelde yer alan 2 adet D; ve 7 adet P j

karar degiskeninin, teknoloji matrisindeki ilgili katsayilari
gdz Oniine alinarak amaglardan en az bir tanesini
saglamadiklar1 tespit edilmis ve nihai ¢6ziimde yer
almalarinin s6z konusu olmamasindan 6tiirii modelden
elenmiglerdir. Ayrica, biitgenin agilmasiin s6z konusu
olamayacagindan o&tiirli, modelin 5. satirinda yer alan
biit¢e kisit1 esitsizlik halinde kalmigtir.

Yukarida verilen Tamsayili Amag¢ Programlama
modelinin  girdileri ve bunlara iligkin degerlerin
aciklamalarmi Cizelge 4’ de verildigi gibi tanimlamak
miimkiindiir. Burada maliyetle ilgili yer alan degerler
tahmini olup, ¢esitli kosullara gore degiskenlik gostermesi
miimkiindiir.
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P,.(R4P)
Priority Degrees of Goals :
P,=P,>P, >P,

In the model given above, taking into consideration their
coefficients in technology matrix, two D; and seven P j

decision variables are realized that they all don’t supply
minimum one of goals. Thus these variables which don’t
change result were omited from model. Additionaly the
budget constraint at fifth line in model is remained in form
of unequality owing to fact that it is impossible to exceed
the budget.

The inputs belonging to integer goal programming
model given above and their values are stated as Table 4.
Cost values at table are approximate so they all can be
different from market’s.

Table 4. Definations of integer goal programing model inputs
Cizelge 4. Tamsayil1 amag programlama girdileri ve agiklamalari

Model Inputs

Coefficients of Desicion Variables in Technology Matrix

PHS

DECT

Rate of Subscriber
Getting Service(%)

Simulation Output

Simulation Output

Mean Utilization Rate of
System(%)

Simulation Output

Simulation Output

Infrastructure Invest Costs

®

3000 + (500xCarrier channels Number)

8000 + (1000xCarrier channels
Number)

Operation& Maintenance

Costs($)

400 + (50xCarrier channels Number)

700 + (100xCarrier channels

Number)

Subscriber Density Per

Carrier (subscriber/km?) | Number of Traffic Channels )

(Total Number of Subscriber/Coverage Beam) x (Number of Traffic Channels/Total

5. SONUC

S6z konusu yerlesim bdlgesinde sabit telefon pazarinin
arttk doyuma ulastig1 dolaysiyla abone sayisini arttirmak
yerine mevcut abonelerin haberlesme trafigini yani; servisi
kullanma aligkanliklarin1 arttirmak adina bir pazarlama
politikasinin izlenmesi ile gelirlerde artis saglamak
miimkiin olacaktir. Bahsedilen amaglar dogrultusunda, bu
calismada s6z konusu yerlesim bolgesinde haberlesme

6. CONCLUSION

When the fix phone market in the region mentioned in
this study is thought reaching to satisfaction in respect of
subscriber number, it shall be possible to increase in
service incomes with the marketting policy that makes
communication traffic or habit of current subscribers rise
instead of adding new subscribers to system. In this study,
type of a WLL technology (DECT or PHS), which makes
incomes increase, costs decrease, communication system
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gelirlerini arttirirken maliyetleri diisiirecek, analog sabit
haberlesme yerine dijital mobil haberlesme getirecek
ayrica; daha cok cesitliliklte servisler sunulmasina olanak
saglayacak bir WLL teknolojisinin (DECT veya PHS)
mevcut  haberlesme  sistemine entegrasyon  sekli
belirlenmeye ¢aligilmistir.

Bu dogrultuda, yapisi olusturulan Tamsayili Amag
Programlama Modeli LINDO programinda ¢6ziilmiis ve
bahsedilen yerlesim bolgesinde DECT haberlesme
sisteminin  Cizelge 5° de belirtilen 06zelliklerle
kurulmasinin uygun olacagi saptanmistir.

digital mobile instead of analog fix and service variety
rise, integration into current communication network is
determined in such a region according to goals defined
before.

Integer goal programming model builded in light of
criterions stated above was solved via LINDO package
software. Consequently, DECT has been sellected as
convience communication system with the features given
in Table 5.

Table 5. Service features of DECT communication system sellected
Cizelge 5. Secilen DECT haberlesme sisteminin beklenen servis 6zellikleri

Number of Base Station Covering Region 1

Number of Total Carrier Channels 11

Number of Total Communication Traffic Channels 11x10=110
Expected Mean Number of Subscriber Getting Service 5000

Expected Mean Rate of Subscriber Getting Service % 100

Mean Subscriber Density Per Carrier 217,8 Subscribers/km’

Elde edilen bu sonuglarin, 6zellikle biitge ve maliyet
parametrelerinde olabilecek degisikliklere duyarli olarak
farklilklar ~ gosterebilecegi bir gergektir.  Ornegin;
Tamsayilt Amac¢ Programlama modelinde gbz Oniine
alinan 19000 $’ lik yatirim biitgesinin 165008’ a kadar
diigtirtildiigii her durumda, 110 servis kapasiteli DECT
sistemi yerine, yine mevcut amaglari saglayan en iyi
secenek olarak 108 servis kapasiteli PHS sistemi tercih
edilecektir.

Sistem se¢imine yonelik verilecek kararin degiskenligi
tizerinde rol oynayacak baska bir husus da tanimlanan
amaglarla ilgilidir. Amaclarin 6nceliginde veya iceriginde
yapilacak  degismeler  karara  iliskin  sonuglar
etkileyecektir. Diyelim ki, birinci derece dncelikli 1 ve 2
nolu amaci ele alalim; sayet diger amaglar degismeksizin,
sadece hizmet almasi amaglanan asgari abone orani
arttirilirsa, bu durumda servis kapasitesi daha yiiksek,
ortalama doluluk orani daha diisiikk, yatirim, isletme ve
bakim maliyetlerinin daha yiiksek oldugu bir sistem
alternatifinin segilmesi s6z konusu olacaktir.
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