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Multiplexing



Multiplexing

Multiplexing

— Multiplexing is the process of allowing two or more signals to share the same medium
or channel.

— The three basic types of multiplexing are:
* Frequency division
 Time division

e Code division
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TDMA

TDMA (Time Division Multiple Access):

TDMA builds on FDMA by dividing conversations by frequency and time.

Digital compression allows voice to be sent at well under 10 kilobits per second
(equivalent to 10 kHz).

TDMA shares the same channel with multiple sessions.

While TDMA is a good digital system, it is still somewhat inefficient since it has no
fle>]§]icbi;ity for varying digital data rates (high quality voice, low quality voice, pager
traftic) .

In other words, once a call is initiated, the channel/timeslot pair belongs to the phone
for the duration of the call.

TDMA also requires strict signaling and timeslot synchronization.
Due to the digital signal, TDMA phones need only broadcast at 600 mW.



CDMA

CDMA (Code Division Multiple Access):

— CDMA uses ‘spread spectrum’ techniques.

— CDMA has been likened to a party: When everyone talks at once, no one can be understood, however, if everyone speaks a
different language, then they can be understood.

— CDMA systems have no channels, but instead encodes each call as a coded sequence across the entire frequency spectrum.

— Each conversation is modulated, in the digital domain, with a unique code (called a pseudo-noise code) that makes it
distinguishable from the other calls in the frequency spectrum. Using a correlation calculation and the code the call was
encoded with, the digital audio signal can be extracted from the other signals being broadcast by other phones on the
network.

— Since CDMA offers far greater capacity and variable data rates depending on the audio activity, many more users can be fit into
a given frequency spectrum and higher audio quality can be provide.

— The current CDMA systems boast at least three times the capacity of TDMA systems.

— CDMA technology also allows lower cell phone power levels (200 miliwatts) since the modulation techniques expect to deal
with noise and are well suited to weaker signals.

— The downside to CDMA is the complexity of deciphering and extracting the received signals.



Code Division Multiple Access

CDMA is a nonconventional multiple-access technique that immediately found wide
application in modern wireless systems.

In CDMA, the entire bandwidth is made available simultaneously to all signals.

In theory, very little dynamic coordination is required, as opposed to FDMA and TDMA in
which frequency and time management have a direct impact on performance.

To accomplish CDMA systems, spread-spectrum techniques are used.
In CDMA, signals are discriminated by means of code sequences or signature sequences.

Each pair of transmitter-receivers is allotted one code sequence with which a communication
IS established.



Code Division Multiple Access

At the reception side, detection is carrier out by means of a correlation operation.

In general, CDMA systems operate synchronously in the forward direction and

asynchronously in the reverse direction.
In theory, the use of orthogonal codes eliminates the multiple-access interference.

In practice, however, interference still occurs in synchronous systems, because of

the multipath propagation and because of the other-cell signals.
Channels in the forward link are identified by orthogonal sequences.

Base stations are identified by pseudonoise (PN) sequences.



Code Division Multiple Access

Hence, multiple access in the forward link is accomplished by the use of spreading orthogonal sequences.

In general, the use of orthogonal codes in the reverse link finds no direct application, because the reverse link is

intrinsically asynchronous.

Some systems implement some sort of synchronous transmission on the reverse link.
Several PN sequences are used in the various systems.

Two main orthogonal sequences used in all CDMA systems:

— Walsh codes

— Orthogonal variable spreading functions (OVSF).
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Space Division Multiple Access

SDMA is a nonconventional multiple-access technique that finds application in modern
wireless systems mainly in combination with other multiple-access techniques.

* In SDMA, the entire bandwidth is made available simultaneously to all signals.

« Signals are discriminated spatially, and the communication trajectory constitutes the physical
channels.

« The implementation of an SDMA architecture is based strongly on antennas technology
coupled with advanced digital signal processing.

 The antenna beams must be electronically and adaptively directed to the user so that.

* The location alone is enough to discriminate the user.
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Time vs. Frequency

Comparison

TDMA

Call 7

Conversation Analogy

time time >
Everyone talks in a Within each room, Everyone speaks a

different room to prevent
interference. Since the
conversation can‘'t be
heard from another room,
it can be filtered from the
other by going to the other
room.

everyone takes turns
talking to prevent
interference. Within each
room, one person is talking
at once, so they must talk
fast to say everything.

different language at the
same time in the same
room. Since each
language is unique, one
may be filtered from
another.



TDMA: Channel Structure
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The aim of TDM systems is to
send multiple channels over a
single line in the time domain.
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Example: A TDM E1 circuit transfers 2.048 Mbps of data per second.
How is 2.048 Mbps achieved?

* There are 32 channels in an E1 circuit.

8 bits are transferred over each channel every 125 microseconds.

* In this case, 256 bits are transferred over 32 channels in 125 microseconds.
* So, how many bits are transferred over 32 channels in 1 second?

e X=1*256/(125*107-6)=2048000bit/sec=2048Kbit/sec=2.048Mbit/sec



How were 125 microseconds obtained?

One E1 circuit has 32 channels: 30 data channels + 1 TF + 1 TF/signaling.

In telecom systems, an analog signal is obtained by converting sound into an electrical
signal. The standard requires a bandwidth of 4 kHz for this signal.

According to the Nyquist theorem, after the analog signal is converted to a digital
signal and transmitted, the sampling frequency must be equal to or greater than
twice the maximum frequency of the analog signal to be able to generate an analog
signal from the digital signal.

* In this case, fmax =4 kHz, and the sampling frequency is taken as fs =2 * 4 = 8 kHz.
The sampling intervalisTs=1/fs=1 /8000 Hz = 125 * 10”-6 seconds = 125
microseconds.
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PDH: (Plesiochronous digital hierarchy)
Circuit Switching
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PDH

El= 32 channel (30 - subscriber + 1 - FAW + 1 - MFAW and Signalling)
E2=4 * E1 =32*4=128 channel, (4*30=120 subscriber channel)

E3=4 * E2 = 128*4 =512 channel, (120*4=480 subscriber channel)
E4=4 * E3 =512*4=2048 channel, (480*4=1920 subscriber channel)
E5=4 * E4 = 2048*4=8192 channel, (1920 *4=7680 subscriber channel)

For example, E5 multiplexing circuit use 1 fiber cable for transmitting 7680 subcriber
channel)



Question

54000 subcriber, how many E1=? E1=54000/30=1800E1
How many E2? Number of E2= 1800/4=450E2

How many E3?, Number of E3=450/4=112,5 we take 113 E3
How many E4?, Number of E4=113/4=28,25 we take 29 E4
How many E5?, Number of E5=29/4= 8E5




European PDH digital hierarchy

e CCITT digital hierarchy based on 30 PCM channels

::-—2.048 Mbps
64 Kbps
34 .368 Mbps
1 139.264 Mbps
E1, 2.048 Mbps channel
E2, 8.448 Mbps channel
E3, 34.368 Mbps channel
E4, 139.264 Mbps channel
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PDH systems are transparent to the timing of transported signals
Timing Transfer through a PDH Transmission Chain

PDH transmission chain P
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PDH’lerde E1 ve Kanal Sayisi

One E1 circuit, 32 channels in total; 30 speech or data channels, one DBMS (Channel
0), and one DBMS + signaling information from channel 16.

Each data channel transfers 64,000bps = 64Kbps per second.

One E2 circuit has 4 E1 circuits, total data channels: 30 * 4 = 120.
One E3 circuit has 4 E2 circuits, total data channels: 120 * 4 = 480.
One E4 circuit has 4 E3 circuits, total data channels: 480 * 4 = 1920.
One E5 circuit has 4 E4 circuits, total data channels: 1920




Digital carrier comparison
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Communication Environments in PDH
Systems

The goal of TDM systems is to transmit channels over a single line in the time domain.
El: 2/4 twisted pair wire, fiber cable, radio link

E2: fiber optic cable, radio link

E3: fiber cable, radio link

E4: fiber cable,
E5: fiber cable




Example

There are multiplexed data lines over fiber cable between the Esenyurt Telekom headquarters and the Atakoy
Telekom headquarters. The total user requirement of subscribers in Esenyurt is determined as 2Gbit/sec. The
earlang will be taken as 20%. Therefore, find the data rate to be established between Esenyurt and Atakoy.
Determine the highest-order multiplexing circuit and the number of fiber cables by multiplexing as PDH.
N=2Gbit/sec=2*10/9bit/sec

M=N*E/100=2*1079*20/100=4*10"8

Data capacity in 1 E1 circuit = 30*64000=1920000bit/sec
Total number of E1ls = 4*1078/1920000=209 E1

Total number of E2s = 209/4=53

Total number of E3s = 53/4=14

Total number of E4s = 14/4=4

Total number of E5s = 4/4=1

Therefore, one E5 circuit will be installed at the Esenyurt Telekom center and one E5 circuit will be installed at
the Atakoy Telekom center. The communication medium in between will be fiber cable.

How many bits per second are transferred over one E5 circuit?

1 Piece E5=4 Pieces E4=16 Pieces E3= 64 Pieces E2= 256 Pieces E1 = 256 *30*64000=491 520 000bit/sec =491
520Kbit/sec = 491.52 Mbit/sec



Example: PDH Multiplexing (Mux) and Demultiplexing (DeMux)

By multiplexing, one E2 circuit is obtained from four E1 circuits, one E3 circuit from four E2
circuits, and one E4 circuit from four E3 circuits. A total of 800 E1 circuits arrived at the
telecom transmission section. How many E4 circuits can be obtained by multiplexing? (The
fractional part is shifted up in this section.)

By multiplexing 800 E1 circuits, 800/4 = 200 E2 circuits are obtained.
By multiplexing 200 E2 circuits, 200/4 = 50 E3 circuits are obtained.
By multiplexing 50 E3 circuits, 50/4 = 13 E4 circuits are obtained.

By multiplexing 13 E4 circuits, 13/4 = 4 E5 circuits are obtained.



Example: PDH Multiplexing (Mux) and Demultiplexing (DeMux)

By multiplexing, one E2 circuit is obtained from four E1 circuits, one E3 circuit from four E2 circuits, and one
E4 circuit from four E3 circuits. A total of seven E4 circuits arrived at the telecom transmission department.
If demultiplexing is performed (demux), how many E1 circuits are obtained? How many total bits are
transferred? How many total telephone channels are there?

By demultiplexing seven E4 circuits, 7*4=28 TDM E3 circuits are obtained.

By demultiplexing 28 E3 circuits, 28*4=112 TDM E2 circuits are obtained.

By demultiplexing 112 E2 circuits, 112*4=448 TDM E1 circuits are obtained.

There are 448*30=13440 speech/data channels. (Because there are 30 speech channels in one E1 circuit.)
448 * 30 * 64000bit/sec = 860160000bit/sec = 860.16Mbit/sec
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SDH: Synchronous Digital Hierarchy
(Circuit Switching)
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SYNCHRONOUS DIGITAL HIERARCHY (SDH)

The 1980s saw the start in the development of the synchronous digital hierarchy (SDH), with the

intention of eliminating the disadvantages inherent in PDH. SDH brings the following advantages to
network providers:

High transmission rates: Transmission rates of up to 10Gbit/'s can be achieved in modern
SDH systems. SDH is therefore the most suitable technology for backbones, which can be
considered as being the super highways in today’'s telecommunications networks.

Simplified drop and insert function: Compared with the PDH system, it is much easier to
extract and insert low-bit rate channels from or into the high speed bit in SDH.

High availability and capacity matching: With SDH, network providers can react quickly and
easily to the requirements of their customers. For example, leased lines can be switched in a
matter of minutes.

Reliability: Modern SDH networks include various automatic back-up and repair mechanisms
to cope with system faults.

Future-proof platform for new services: SDH is the ideal platform for services ranging from
POTS, ISDN and mobile radio through to data communications (LAN, WAN, etc.), and it is able
to handle the very latest services such as video on demand and digital video broadcasting via
ATM, that are gradually becoming established.

Interconnection: SDH makes it much easier to set up gateways between different network
providers and to SONET systems. The SDH interfaces are globally standardised, making it
possible to combine network elements from different manufacturers into a network.



Major ITU-T SDH standards:
- G.707
- G.783

STM-1 de 63 adet E1 bulunmaktadir. STM,
devre anahtarlamali cogullama sistemidir.

STM'lerdeki buyuk data paket anahtarlama ATM

. STM-4
denir.

STM-1

STM devrelerinde genellikle fiber optik kullanilir. P2P- noktadan noktaya radyolink develeri STM-1 kullanilir.



Kapasite

STM-256: 40Gbit/s, STM-64:10Git/s, STM-16:2.48Gbit/s, STM-4:622Mbit/s, STM-1:
155Mbit/s, E5:565Mbit/s, E4:140Mbit/s, E3: 34Mbit/s, E2: 8Mbit/s, E1: 2Mbit/s

Bir adet STM-256 sistemine, E1, E2, E3, E4, E5, STM-1, STM-4, STM-16 ve STM-64 ihtiyac
Olcustinde trafik mihendisligi hesaplari ile baglanti yapilabilir.

Bir adet STM-64 sistemine, E1, E2, E3, E4, E5, STM-1, STM-4 ve STM-16 ihtiyac dlclsiinde
trafik mihendisligi hesaplari ile baglanti yapilabilir.

Bir adet STM-16 sistemine, E1, E2, E3, E4, E5, STM-1 ve STM-4 ihtiyac 6lcltsinde trafik
muhendisligi hesaplari ile baglanti yapilabilir.

Bir adet STM-4 sistemine, E1, E2, E3, E4 ve STM-1 ihtiyac 6lcustinde trafik muhendisligi
hesaplari ile baglanti yapilabilir.

Bir adet STM-1 sistemine, E1, E2, E3 ihtiyac dlctsunde trafik mihendisligi hesaplari ile
baglanti yapilabilir.



STM Circuit Switching

STM-256 de 16128 adet E1
e STM-64=4032 adetE1
e STM-16=1008 adet E1

STM-256 devresine hangi devreler
baglanir: 16128 adet E1 devresini
gecmemek kosulu ile

* STM-4=252 adet E1 e STM-64
* STM-1=63 adet E1 e STM-16
. STM-4
 E1:32TS * STM-1
e E2=4adetEl  E5,E4,E3,E2, E1

e E3=16adetEl
e E4=64 adetE1
e E5=256adetE1l



Ornek: STM

e Telekom transmisyon kisminda 1 adet STM-64, 16 adet STM-1 ve 10 adet E4 devresi bulunmaktadir. Bu devrelerin timu
E1 devresine cogullanirsa kac adet E1 devresi elde edilir. Ka¢ adet konusma kanali; kac Mbit/s veri?

. 1 adet STM-64 devresinde 4 adet STM-16 devresi elde edilir.

e 4 adet STM-16 devresinde 4*4=16 adet STM-4 devresi elde edilir.

. 16 adet STM-4 devresinden 16*4=64 adet STM-1 devresi elde edilir.
e Toplam STM-1 devresi=64+16=80 adet

. 80 adet STM-1 devresinden 80*63=5040 adet E1 devresi elde edilir.

Ote yandan

. 10 adet E4 devresinde 10*4=40 adet E3 devresi elde edilir.
e 40 Adet E3 devresinden 40*4=160 E2 devresi elde edilir.

e 160 adet E2 devresinden 160*4=640 E1 devresi elde edilir.

* Toplam E1 devre sayisi=5040+640=5680 adet.
 Kac adet konusa yada data kanali vardir? 5680*30=170400data kanal

e  Bir data kanalindan bir saniyede 64000bit gonderiliyorsa, 170400data kanalindan kag bit gonderilir?
170400*64000=10905600000=10905600Kbit/sec=10905,56Mbit/sec=10,90556Gbit/sec



Ornek

STM-256 cogullma yapisi asagdaki sistemler baglanacaktir. Sistemlerin uygunlugunu analiz ediniz.
*]1 adet STM-64:4032E1

*2 adet STM-16: 2 x 1008=2016E1

*10 adet STM-4: 10 x 252=2520E1

*5adet STM-1:63 x5=315E1

*200E1

*50 adet E2: 50 x 4= 200E1

*20 adet E3: 20 x 16=320E1

5 adet E4: 5 x 64=320E1

*2 adet E5: 256 x 2=512E

Toplam: 10435 E1 (1 adet STM-256= 16128 E1)



Multiplexing level

SONET SDH
STS-1/0C-1 (Not defined)
STS-3/0C-3 STM-1
STS-9/0C-9 STM-3

STS-12/0C-12 STM-4
STS-18/0C-18 STM-6
STS-24/0C-24 STM-8
STS-36/0C-36 STM-12
STS-48/0C-48 STM-16

STS = Synchronous Transport Signal
OC = Optical Carrier
STM = Synchronous Transport Module

Bit rate (Mbps)
51.84
155.52
466.56
622.08
933.12
1244.16
1866.24
2488.32



SONET/SDH tributaries

SONET SDH T1 T3 El E3 E4
STS-1 28 1 21 1
STS-3 STM-1 34 3 63 3 1

STS-12 STM-4 336 12 252 12 4

STS-48 STM-16 1344 48 1008 48 16

STS-192 STM-64 5376 192 4032 192 64

STM-4, Toplam Kanal Kapasitesi=4032 x 30 = 120960 Time slot
1 Time Slot=64Kbps
1 E1:32 Time slot (2 senkron, 30 x 64Kbps)=2.048Mbps



STS, OC, etc.

A SONET signal is called a Synchronous Transport Signal

SONET Optical rate
STS-1 OC-1 51.84M
STS-3 OC-3 155.52M

STS-12 OC-12 622.080M

STS-48 0OC-48 2488.32M

STS-192 | 0OC-192 9953.28M

*3
x4
*4
*4



* Optical Transport Network (OTN) being developed by
ITU-T (G.709) specifies interfaces for optical networks

 Goal to gather for the transmission needs of today’s wide
range of digital services and to assist network evolution
to higher bandwidths and improved network performance

* OTN builds on SDH and introduces some refinements:

— management of optical channels in optical domain
— FEC to improve error performance and allow longer link spans

— provides means to manage optical channels end-to-end in
optical domain (i.e. no O/E/O conversions)

— interconnections scale from a single wavelength to multiple ones



L OPU
} Optical channel payload unit

Optical multiplexing section
(OMSnN)




STS, STM, OC

The electrical side of the SONET signal is
— Known as the synchronous transport signal (STS)

The electrical side of the SDH is known as
— The synchronous transport module (STM)

The optical side of a SONET/SDH signal is
— Known as the optical carrier (OC)
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SONET/SDH multiplex rates

Optical SONET SDH Data rate | Overhead Payload
level level level (Mbps) rate rate
(electrical) (electrical) (Mbps) (Mbps)
OC-1 STS-1 - 51.840 1.728 50.112
OC-3 STS-3 STM-1 155520 S.184 150336
OC-9 STS-9 STM-3 466560 15.552 451.008
ocC-12 STS-12 STM+ 622080 20.736 60134+
OC-18 STS-18 STM-6 933120 31.104 902.016
oC-24 STS-24 STM-8 1244 160 41472 1202.688
Oc-36 STS-36 STM-12 1866.240 62.208 1804 932
oCc48 STS-48 STM-16 2488 320 8294 2405376
OC-96 STS-96 STM-32 4976 640 165888 4810.752
OocC-192 STS-192 STM-64 9953 .280 331.776 9621 504
OC-768 STS-768 STM-256 39813.120 1327104 38486016
OC-N STS-N STM-N/3 N*51.840 N*1728 N*50.112
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SONET Multiplexing Hierarch;e

2.5Gb — OC48 N,
622 Mp —1 OL-12 STS-12 8
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Telekom alt yapisi planlanirken

Bolgenin sosyal 6zelliklerine bakilarak 10, 20 ve 50 yillik planlamalar yapilr.

Egitim, endustri, ticaret, sosyal refah, goc, cazibe merkezi gibi faktorler goz 6nine alinir.

Trafik yogunluk katsayisi, Earlang ylzdesi hesaplanirken 6lctimler yapilir.

Veri trafiginin yogun oldugu saatlerde verimden ve performanstan ddun verilmemesi gerekmektedir.

Veri trafiginin yogun oldugu saatler tum sistem yuksek performansta calisirken, hizmet alamayan
abonelerin istekleri olctlur, belirlenir ve yatirimlar yapilarak yeni sistemler ilave edilir. Yeni musteri
giris sayisi artiginda yeni yatirimlar planlanir.

Earlang katsayisinin belirlenmesi, alt yapi yatirrminda temel parametredir. Boylece kurulumu
yapilacak sistemlerin kapasitesi ve sahip olunmasi gereken 6zellikleri belirlenir. Calisan sistemlerde
sistem performansi Olcltlerek gelecekte kurulmasi gerekecek ilave sistemler ve ek yatirrmlar 6nceden
belirlenir. Earlang ylzdesi, maksimum hizmet alacak abone sayisini belirler.

Sistemlerde en iyileme denen optimizasyon analizleri ile sistem verimi ve performansi yukseltilir.



Mevcut Durumun Analiz Edilmesi

Sabit Hat, GSM, veri hatti abone sayisi
Base Station GSM abone kapasitesi
ADSL abone sayisi ve veri kapasitesi
ISP uc¢ noktalari veri kapasitesi



Alt yapi yatirnmlar

Telekom binasi yerinin ve 6zelliklerinin belirlenmesi

Diger santraller olan alt yapinin tamamlanmasi

Haberlesme ortamlari: 2 ya 4 burgulu tel, fiber optik kil planlamasi, uydu ve radyolink baglantilari
Kanal kazi calismalari: fiber to home, 2 ya da 4 cift burgulu tel, kule insaatlari.

Sistemlerin belirlenmesi ve kurulumu

Enerji, yedek enerji sistemleri, kesintisiz enerji sistemleri, topraklama ve paratoner

Kablosuz, DSL baglanti sistemleri

Cogullama sistemleri; devre anahtarlamali cogullama (SDH, PDH), paket anahtarlamali cogullama (ATM)
Network sistemleri: Router, Gateway, Ethernet Switch, WIiLAN, Firewall

Modem ve Transmisyon sistemleri

Internet erisim sistemleri

Veri Guvenlik

Cevre fiziksel glivenlik

Alt teknik personel ihtiyaclari ve yonetim



Sorular

Telekom alt yapisi kurmak maliyet analizi gerektirmektedir. Cinkd bir yatirrm s6z
konusudur. Bu nedenle etlid (saha calismasi) ve analizleri s6z konusudur.

Bolgenini nufuzu, sosya, ekonomik, ticari ve kilturel durumu; bugini ve yarini (5, 10,
20 yillik)

Secilecek Bolge icin Gelecek planlamasi: Abone sayisi, ayni anda konusacak abone
saylisi (Earlang)

Bolgeler, sehirler hatta Ulkeler arasinda internet ve veri haberlesmesi icin de planlama
yapilmasi gerekmektedir (E1) (Data, Internet, iki telli sabit, GSM; cogullama sistemleri:
devre anahtarlama ve paket anahtarlama)



Traffic engineering

* Data traffic profile
* Definitions

* Trunking

* Congestion

* Traffic performance



Bilgi ve lletisim Sektdriinun Analiz Edilmesi

Bilgi ve iletisim sektdrd, is hayati ve bireyler icin vazgecilmez bir 6neme sahiptir.
Gecen elli yil zarfinda yasanan carpici degisimler ile sektor, telefon ve kablo TV
operatorleri, internet servis saglayicilari, kablosuz iletisim, uydu operatorleri ve

mobil iletisimi de kapsayan coklu hizmet saglayicilari tarafindan cevrelenmis
durumdadir.

GUnumuzde ses, veri, video gibi farkli hizmetler, ortak ve entegre edilmis sebekeler
Uzerinden verilebiliyor. Genis bant ve kablosuz teknolojilerdeki gelisme, geleneksel
sebeke yapilanmasini ve pazarlama stratejilerini degisime zorluyor.

Bu gelismeler bir yandan sermaye harcamalari ve faaliyet giderleri bakimindan
Olcek ve kapsam ekonomilerinin elde edilmesine imkan saglarken, diger yandan da
farkl iletisim araclarinin bir bGtln icerisinde sunulmasi firsati veriyor.



Terminoloji

* Trunk: Ana hat, bir telefon ya da data anahtarini
baglayan hatlar veya baska biri sistemde
anahtarlama yapan santrallere denir.

 Arama orani (C): Belirli bir zaman araliginda gelen
cagrilarin sayisi, Birim zaman basina cagri.

* Bekletme suresi (H): Bir aramanin ortalama suresi



Telecommunication network

A simple model of a
telecommunication network
consists of

— nodes
- terminals O
- network nodes
— links between nodes

Access network

— connects the terminals to the
network nodes

Trunk network

— connects the network nodes
to each other
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Practical goals

« Network planning
— dimensioning
— optimization
— performance analysis
« Network management and control
— efficient operating
— fault recovery
— traffic management
— routing
— accounting




Trafik

 Telekom Trafik teorisinin Danimarkali oncusu olan A. K. Erlang'in adini tagiyan
Erlang (E) trafik birimine verilmistir.

Bir Erlang (E), tamamen dolu olan bir ana hat tarafindan tasinan trafik miktarini
temsil eder, yani saatte bir cagri saati veya dakikada bir cagri dakikasi.

Traffic Theory
1915: A. K.
Erlang



Trafik yogunlugunu belirleyen faktorler

General purpose

« Determine relationships between the following three factors:
— quality of service
— traffic load
— system capacity

quality of service

system capacity traffic load




Traffic models

Teletraffic models are stochastic (= probabilistic)

— systems themselves are usually deterministic
but traffic is typically stochastic

— “you never know, who calls you and when”

It follows that the variables in these models are random
variables, e.g.

— number of ongoing calls
— number of packets in a buffer

Random variable is described by its distribution, e.g.
— probability that there are » ongoing calls
— probability that there are » packets in the buffer

Stochastic process describes the temporal development of a
random variable




Telefon Trafigi Muhendisligi
Bir telekomunikasyon sisteminin tasariminda, istenen kapasiteyi elde etmek igin
buyuklugune dogru karar verilmesi gerekir.

*Trafik miktarinin yarinini ( bolgenin sosyo ekonomik gelismeler) dogru tahmin
etmeniz gerekiyor.

*Teletrafik muhendisliginde ana hat (trunk), bir gagri tasiyacak herhangi bir varliktir.
Varlik, uluslararasi devre (binlerce km) veya anahtarlar arasindaki kablolar (birkac
metre) olabilir.

*Saglanacak ana hat sayisi acik¢a tasinacak trafige baghdir.

*En yogun zaman igin yeterli olmalidir. Ancak bu, gcogu ekipmanin mesgul olmayan
saatlerde bosta kalmasina neden olacaktir.



Telefon trafigi profili

*Yogun saat: Telefon trafigi gun boyunca dalgalanabilir ve en ¢cok aranan saat olan "yogun saat”
olabilir. Yogun saatler, borsa, hava durumu ve uluslararasi olaylar gibi gesitli faktorlere baghdir.

*Operator boylece yogun olmayan saatlerde daha ucuz arama oranlari sunar. Bu tur cagrilari
tasimanin neredeyse higbir maliyeti yoktur.

-Bazi ¢agrilari yogun saatlerden yogun olmayan saatlere kaydirmayi basarirlarsa, daha az ekipman
ve dolayisiyla sermaye harcamasi gerekir.

Bir hizmet bolgesinin telefon trafik profiline bir ornek:
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Figure 4.2 Traffic variation during a day.



Verimliligi Artirma

Konusurken beklenen araligi degerlendirme,

Abone mesgulu tablosu ya da abone yok tablosu hazirlama ve
vayinlama.

Bekleme suresi; terminal server hizmetleri

Terminal server hizmetleri: Veri haberlesmesinde, yogun
sosyal platform hizmetlerini musterilerinin bolgesine tasima
(Google, Facebook, Whapsapp, Instagram, ...). Musteri
aliskanliklarin élctlerek veri tabani yonetimi yapilir.



Trafik Olcimu

 Daha cok trafik olarak adlandirilan trafik yogunlugu, devam eden ortalama cagri sayisi olarak
tanimlanur.

e A=Ch/T

 Birim: Erlang (E)

A: trafik yogunlugu

C: T saatindeki gelen aramalarin sayisi
h: ortalama tutma (mesgul etme) stresi

Ornek: Tek bir devre
e A<1birdishaticin birden fazla cagri tasiyamaz.

 Trunk devresini mesgul bulma olasiligi, devrenin mesgul oldugu zamanin oranina esittir.
Dolayisiyla, bu olasilik, trunk’in doluluguna (A) esittir.



Trafik Olcum

Ornek: Ortalama olarak, yogun saatlerde bir sirket ortalama 2 dakika
suren 120 giden arama yapmaktadir. Ortalama siresi 3 dakika olan
200 gelen cagn alir. Giden trafigi, gelen trafigi ve toplam trafigi bulun.

» A=Ch/T;C:Cagrisayisi, h: ortalama stiren hizmet siresi, T: 1Saat
* Burada T =1 saat = 60 dakika

* Giden trafik = 120 cagri x 2 dakika / 60 dakika = 4 Earlang

* Gelen trafik = 200 cagri x 3 dakika / 60 dakika = 10 Earlang
 Toplam trafik =4 E + 10 E = 14 Earlang



Trafik Olciimii

Ornek:

* Yogun saatlerde, ortalama olarak, tek telefon hatti olan
bir musteri U¢ arama yapar ve u¢ arama alir. Ortalama
gorusme suresi 2 dakikadir. Arayan kisinin mesgul hatt
bulma olasiligl nedir?

* Toplam trafik = Hattin dolulugu = (3 + 3) x 2/60 = 0.1
Earlang

* Bagli hatti bulma olasiligi = 0.1



Blokaj, Kayip Cagrilar ve Hizmet Derecesi

Ornek:

* Yogun saat boyunca, bir grup telefon hattina 1200 cagri gelmis ve
alti cagri kaybedilmistir. Ortalama arama suresi 3 dakikadir.

* Sunulantrafik=A=C;h /T=1200 x 3/60 = 60 Earlang
* Tasinan trafik = C,h / T =(1200-6) x 3/60 = 59.7 Earlang
* Kayip trafik =B =C;h /T=6x3/60=0.3 Earlang

* Hizmet derecesi=B/A=0,3/60=0,005

* Tikaniklik donemlerinin toplam stresi=B x T = 0,005 x 3600 = 18
saniye



Trafik Modell

Resim goruntulenemiyor

Belirli bir zaman diliminde ¢agri varig sayisi, T, Poisson dagilimina sahiptir.

«Cagri gelisleri arasindaki araliklar, T, iki bagimsiz olay arasindaki araliklardir ve dagilim, negatif bir tstel
dagilim ile verilir.

«Cagri suresi, H, bir negatif ustel dagilim olarak modellenmistir.

Bir N hat grubu igin, devam eden cagri sayisi rastgele degisir. Bu, dogum ve olum surecine veya
yenilenme surecine bir ornektir.

Devam eden c¢agrilarin sayisi (yani, sozde durum) her zaman 0 ile N arasindadir.

*Boyle bir surece basit bir Markov zinciri denir. Davranisi, her bir durumdan, durumdan onceki veya
sonraki bir duruma gecme olasiligina baghdir.



Traffic Formulas Traffic Formulas

Example: On average one call arrives every 5 seconds. Example: In a telephone system, the average call duration 1s
During a period of 10 seconds, what is the probability that 2 minutes. A call has already lasted 4 minutes. What 1s the
a. No call arrives P(xy =4 g probability that
1t = 2 calls/10 seconds . x!

e 2 =0.135 a. the call will last at least another 4 minutes

P(No call arrives) = P(x =0) = 2
The probability 1s independent of the time which as

b. One call arrives already elapsed.

1
Py =2 e =027 PT 24)=e'" =2 =0.135

T em i s e | e b. The call will end within the next 4 minutes

P(x>1)=1-P0)—P1)=0.595 PIT <4)=1-P(T'24)=1-0.135=0.865



Kayip cagri sistemleri

Bir ana hat baglantisi talep eden bir cagri geldiginde, bir degisimde az sayida
ana hat tarafindan cok sayida yerel déngltye hizmet verildigini disuntn. Varsa,
ancak tum ana devreler mesgulse, bos bir ana hat atanir. Ara bellege alma

vapilmadigindan cagri kaybedilecektir.

Traffic N outgoing

offered h - trunks

A erlangs




Erlang’s lost-call formula

— For a lost-call system having N trunks, when offered
tratfic 4, the first Erlang distribution 1s given by

* x 1s the number of occupied trunks

* P(x) 1s the probability of x occupied trunks

— The probability of a lost call, which 1s the grade of service

B, 1S
B = P(N)



Erlang’s lost-call formula

Example c. The probability that only one trunk 1s free
4
A group of 5 trunks 1s offered 2 E of traffic. Find 2 -
! _
a. The grade of service P(4) = N4-, — = =0.0917
AN 25 zi 7.2667
= i k!
B=Px=Ny=—DN__ 8 _02007_435
No4F &2k 7.2667 - o
= d. The probability that at least one trunk 1s free
b. The probability that only one trunk is busy P(x<5)=1-P(5)=1-B=1-0.037=0.963
2
1t 2
P((l) = = =0.275
D=3 A" 7.2667
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Arayan ve Aranan abonelerin E1 ve kanal
numaralarini bulan algoritma

Adim-1: Aramalarin hangi E1 devresi tGzerinden oldugunu bulmak icin numara 30 abone sayisina bolindr.
. Arayan abone, Al=tamsayi(arayan abone numarasi/30),
. Aranan abone, A2=tamsayi(aranan abone numarasi/30),

Adim-2: K1=Arayan Abone Numarasi-30*A1, K2=Arayan Abone Numarasi-30*A2.
Adim-3:

. Eger K1=0 ise M1=A1, Kanal Numarasi, B1=31 alinir.

. Eger K2=0 ise M2=A2, Kanal Numarasi, B2=31 alinir.

. Git “Adim-5”

Adim-4:

. Konusma kanallarinin E1 Gzerindeki dagihm 1.kanal ile 15. Kanal ve 17.Kanal ile 31.Kanal arasindadir. Kanal Cergceve Tanitim bilgisi, 16.Kanaldan ise Coklu Cergeve
Tanitim ve Isaretlesme Bilgileri gonderilir.

. Eger K1# 0 ise M1=A1+1=10+1=11 alinir. 16<=K1<=29 arasinda ise Abone kanal numarasi, B1=K1+15 alinir. Degilse K1=M1 alinir.
. Eger K2# 0 ise M2=A2+1=5+1=6 alinir. 16<=K2<=29 arasinda ise Abone kanal numarasi, B2=K2+15 alinir. Degilse K2=M2 alinur.

Adim-5:

. Anahtarlama islemi tamamlanmistir. Arayan abone M1 inci E1 devresini B1 inci kanali tGizerinden aradigi abonesi ile M2 inci E1 devresinin B2 inci kanali Gizerinden
anahtarlama yapilarak iletisim kurmaktadir.



Ornek

Bir bolgede GSM abone sayisi, N=20000 ise ayni anda GSM hizmeti alan abonelerin diger GSM
abonelerini ya da sabit hata abonelerini aramaya yonelik Earlang, E=%2 secilmis ise Turk Telekom ile
GSM kulesi arasinda kag¢ adet E1 devresi planlanir? Burada %2 maksimum hizmet alacak abone
sayisini belirler.

Ayni anda hizmet alan abone sayisi, M=N*E=20 000 * 2/100=400abone
1 adet E1 devresinde abone sayisi, 30 dur.

E1 devre sayisi=400/30=13,33 bulunur fakat yukariya dogru 6talenerek E1 sayisi 14 olarak
belirlenmis olur.

Data hizmeti icin her bir abone 20Kbit/sec fakat Earlang yani ayni veri haberlesmesi ylizdesi %1 ise
ne kadar data hizina ihtiyac¢ vardir, bu durumda kag adet E1 gerekir?

20 000*1/100=200 abone ayni anda veri hizmeti alir.
2 00*20Kbit/sec=4 000kbit/sec=4 000 000bit/sec

1 adet E1 devresinde 30 data kanali var ise bir adet E1 devresinden 30*64000bit/sec = 1 920
000bit/sec

Kac adet E1 devresine ihtiyacim var? 4 000 000/1 920 000=3 E1 devresi gerekmektedir.



Ornek: STM

Bir Telekom yerleskesinde,
1 adet STM-1

3 adet E4

5adet E3

16 adet E2

128 adet E1 devresi bulunmaktadir. Cogullamak (bir ¢ift (Rx, Tx) fiber kablo tizerinden tiim hizmetlerin ( veri,
ses) transfer edilmesidir.) icin hangi STM devresi kullanilir.

1 adet STM-1 devresinde 63 adet E1 devresi var.

3 adet E4 devresinde 64*3=192 adet E1 devresivar (E2=4E1; E3=4E2=16E1; E4=4E3=16E2=64E1)
5 adet E3 devresinde=5*16=80E1

16 adet E2 devresinde=16*16=256 E1

128adet E1

Toplam 719 E1 devresi bulunmaktadir.

=719/63 = 12 adet STM-1

=12/4=3 STM-16

=3/4=1 STM-64

O halde cogullamak icin 1 adet STM-16 kullanilir.



Ornek

Bir Telekom yerleskesinde, 1 adet STM-1, 2 adet E5, 6 Adet E4, 10 Adet E3, 50 Adet E2, 193 Adet E1 devresi bulunmaktadir.

a) Bu Telekom yerleskesindeki toplam E1 sayisini hesaplayiniz.
. 1 Adet STM-1 =63 adet E1

e 2adetE5=2*256 =512 adetEl

e 6 adet E4=6™64 =384 adet E1

e 10adetE3=10*16 =160 adetEl
e 50AdetE2=4*50 =200 AdetE1
. =281 Adet E1
e Toplam 1512adet E1

b) Bu E1 devreleri STM-1 olarak ¢ogullanirsa ka¢ adet STM-1 kullanilir?

« 1512/63=24 Adet STM-1

c) Buldugunuz STM-1 devreleri STM-4 devresinde cogullanacaktir. Ka¢c adet STM-4 devresine ihtiyac olur?

e 24/4=6 adet STM-4 devresi

d) Buldugunuz STM-4 devreleri STM-16 devresinde ¢cogullanacaktir. Ka¢c adet STM-16 devresine ihtiyac olur?
* 6/4=2 adet STM-16

e) Buldugunuz STM-16 devreleri STM-64 devresinde cogullanacaktir. Ka¢c adet STM-64 devresine ihtiyac olur?

2/4=1 adet STM-64 devresine ihtiyac olacaktir.



Ornek

Bir sehrin Esenyurt bolgesinde Turk Telekom ADSL, data, ve GSM operatorlerinde toplam
278000 abone var. Herbir abone anlik 14Kbit/s veri transfer ediyor. Earlang, E=%20 bu semtin
ana internet saglayicisina baglanmasi icin STM olarak hangi cogullama devresini
kullanirsiniz?

N=278000

M=278000*20/100=55600 abone ayni anda 14Kbit/s hizmet alir.
Toplam ver hizi=55.600*14.000=778400000bit/s=778.4Mbit/s
STM-1=63 adet E1=63*30*64000=120960000b/s=120.96 Mbit/s
STM-4=483840000b/s=483.84Mbit/s
STM-16=1935360000b/sec=1.9356Gbit/s

1 adet STM-16 kullantlr.



Ornek: Bir kasabada abone sayisi 12000 ve Earlang sayilari tabloda verilmis ise anahtarlama icin gerekli
olan toplam E1 kapasitesini belirleyiniz. PDH cogullama yapiniz. (Bir kanal 64kbit/s)

Ic Trunk Earlang

(Kasaba icinde birbirleri

ile gorisme)=%10

E1 Earlang’lari:

SA=%10

MA=%5
Semt=%25
Data=%40

GSM telefon=%20
GSM data=%30

. ic Trunk abone yogunlugu hesaplamada, bir anda toplam abonenin % 10 yani, 12000*10/100=1200 abone birbirleri ile lokal
E1 anahtarlama devresi lizerinden gériisme yapabilir.

. Santral ici anahtarlamada gerekli olan E1 sayisi, E1=1200/30=40E1 abonelerin birbirleri ile gbrismesi
. Bu 40 adet E1 devresine ilaveten

. SA, E1 sayisi= 40*10/100= 4 adet E1

. MA E1 sayisi=40*5/100= 2 Adet E1

. Diger semtlere E1 sayisi= 40%25/100=10 adet E1

. Data, internet E1 sayisi= 40*40/100=16 adet E1

. GSM telefon E1 sayisi=40*20/100=8 Adet E1

. GSM data E1 sayisi= 40*30/100=12 adet E1

Telefon anahtarlamasiicin toplam E1 sayisi= 40+4+2+10+8=64 E1
Data anahtarlama icin toplam E1 sayisi= 16+12=28 E1

Kasaba disina telefon ¢ogullama E1 sayisi= SA + MA + GSM telefon=4+2+8=14 adet E1; 14/4=4 adet E2= 4 adet E2; 4/4=1 adet E3

Kasaba disina data cogullama icin E1 sayisi= Kasaba data + GSM data=16 +12=28 E1; 28/4=7 adet E2;
7/4= 2 adet E3 ; 2/4=1 adet E4 devresi gerekli olmaktadir.

O halde kasabadan sehire telefon icin 1 adet E3, data icin 1 adet E4 devresine ihtiyaca vardir.

Eger data ve konusma kanallari ayni E1 devresi Gzerinden ¢ogullanirsa, toplam E1 sayisi= 14 + 28=42 E1; 42 E1/4=11 adet E2;
11/4=3 adet E3; % =1 adet E4 devresi yeterli olacaktir.
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Ornek -1

Trabzon, Akcabat ilcesinde sabit telefon hatti abone sayisi: 12.000 ve Earlang: %10 ise ,

A) Ayni anda hizmet alan abone sayisini bulunuz.
N=12.000, E=%10, M=N*E=12.000*10/100=1.200 Konusma Kanal

B) 5 ile 10 saniye arasi bekletilerek hizmet alanlarin orani: %1 ise ayni anda ka¢ abone bekletilir. Bekletme
amac verimliligi artirmaktir. Abone istatistiklerinden belirli bir stire icerisinde sonlanacak aboneler olacagindan
telefon gortismesi isteyen abonelere bekletilerek hizmet verilmesi hedeflenmektedir.
Nb=M*1/100=12.000*1/100=120.



Ornek -1

C) Ayni anda hizmet alan indirgenmis ve yonlendirilmis abonelerden M1=400 Kanal ilce icerisinde, M2=300
kanal GSM telefonlari ile, M3=200 kanal Sehir merkezi ve diger ilceler ile, M4=200 kanal sehirler arasi, M5=100
kanal ise milletler arasi telefon gortiismeleri yapmaktadir. Herbir hizmetin olasik degerini hesaplayiniz, olasilik
yasalarina uygunlugunu kontrol ediniz.

P(M1)=400/1200=4/12
P(M2)=300/1200=3/12
P(M3)=200/1200=2/12
P(M4)=200/1200=2/12
P(M5)=100/1200=1/12

Olasilik temel yasasi geregi, 0 < P(Mi) £ 1 ve >Pi=1 olmak zorundadir. Olasilik yasalarina uygunlugu
bulunmaktadir.



Ornek: Bekleme sliresi

Kasabada 12000 abone var, Earlang=%5 ise bu kasabada
maksimum ayni anda konusacak abone sayisi nedir?
12000*5/100=600 abone

Anahtarlama icin kac E1 devresine ihtiyac var? 600/30=20E1

Ayni anda konusan aboneye ilaveten %1 abone de beklesin?
Neden? Ortalama 5 saniye bekletilir ki, konusmayi bitiren
abonenin yerine yeni abone baglantisi yapilsin.

Abonenin sik kullanim durumlarini onceden belirleme ve
hizmette kalite



Ornek -1

E) Ayni anda hizmet alan indirgenmis ve yonlendirilmis abonelerden elde edilen TDM E1 devrelerini hesaplayiniz. Toplam E1 sayisini
bulunuz. PDH cogullama devresini bulunuz. GSM E1 devrelerinden vyarisi ilce icerisinde, diger yarisi ise ilce disi goriismeler icin tahsis
edilmistir.

Bir E1 devresinde: 30 adet konusma ya da data kanali + 1 adet Cerceve Tanitim kanali + 1 adet Coklu ¢cerceve tanim bilgisi ya da
isaretlesme bilgilerinden olusan toplam 32 kanal vardir.

M1=400 Kanaldan elde edilecek E1 sayisi=400/30=14

M2=300 Kanaldan elde edilecek E1 sayisi=300/30=10 (5 adeti ilce ici + 5 adeti ilce disi)

M3=200 Kanaldan elde edilecek E1 sayisi=200/30=7

M4=200 Kanaldan elde edilecek E1 sayisi=200/30=7

M5=100 Kanaldan elde edilecek E1 sayisi=100/30=4

Toplam E1 sayisi=42



Ornek -1

F) Akcabat ile Trabzon arasinda, Sehir Merkezi ve diger ilceler, sehirler arasi, milletler arasi ve diger GSM gortusmeleri icin E1
devrelerinden cogullama yapilarak fiber kablo Gzerinden iki yonlu iletisim kurulacaktir. PDH cogullama devresini bulunuz. GSM E1
devrelerinden 5 adeti ilce icerisinde, 5 adeti ise ilgce disi gorliismeler icin tahsis edilmistir.

O halde ilce Trabzon merkezine giden ve gelen toplam E1 sayisi=5+7+7+4=23 (ihtiyac)
Transmisyon Ortamlari: 2 tel, 4-tel, fiber, koaksiyel, hava, ...
Kullanilacak transmisyon ortami: Fiber

PDH Cogullamada,

4 E1 to E2 PDH devresinden=23/4=6 adet E2

4 E2 to E3 PDH devresinden=6/4=2 adet E3

4 E3 to E4 PDH devresinden=2/4=1 adet E4 devresi elde edilir.

G) Bir adet E4 devresinde kac adet E1 devresi vardir? Konusma kanali sayisi nedir?

1 adet E4 devresinde 4 adet E3 devresi

4 adet E3 devresinde 4*4=16 adet E2 devresi

16 adet E2 devresinde 16*4=64 adet E1 devresi (Planlanan)

64 adet E1 devresinde 64*30=1920 adet konusma kanali ya da time slot bulunmaktadir



E4 (1)

E4 to E3
DeMux

E3(2)

™

E3to E2
DeMux

EM1(14)

Ornek -1

H) E1 kanallarini anahtarlama ve PDH cogulama devrelerini gorinimun ¢iziniz. (Trabzon’da planlanan)

EM2 lige Igi (5)

E2(6)

EM2 iige Disi (5)
o

E2 to E1 EM3 (7)

DeMux EM4 (7)

EMS5 (4)

L
L

A
3

Anahtarlama

—
X

EM1 (14)

EM2 lige lci (5)

EM2 ilce Disi (5)

[

EM3 (7)

EM4 (V)

EMS (4)

A 4

|E110E2

Mux

E2(6)

E2 to E3
Mux

E3(2)

E3to E4
Mux




Ornek -1

1) PDH cogullama devreleri yerine SDH devresi kullanilacaksa STM tipini belirleyiniz.
Kullanilacak Transmisyon Ortamu: fiber,

SDH Cogullamada,

STM-1 devresinin girisin maksimum 63 E1 devresi baglanabilmektedir.

O halde ilce Trabzon merkezine giden ve gelen toplam E1 sayisi=5+7+7+4=23 oldugundan STM-1 devresinin kullanilmasi uygun
gorulmektedir.

Bu durumda ayni anda maksimum hizmet verilecek kanal sayisi= 63*30=1890 Kanal



Ornek -2

Bursa - inegdl ilcesinde

» Sabit telefon hatti (Ses) abone sayisi: 54.000 ve Earlang: %10 (%40’1ilce icine %60’ ilce disina)
« GSM telefon (Ses) abone sayisi: 80.000 ve Earlang:%15 (%25’i ilce icine %75’i ilce disina)

« GSM internet (Data) her aboneye 2Kbit/s net ve Earlang % 20

 ADSL abone sayisi 30.000 ve her aboneye 4Kbit/s net ve Earlang % 30

e Ozel Data hatlari abone sayisi: 50, ve her aboneye 10Kbit/s net ve Earlang %50



Ornek -2

A) Ayni anda telefon hizmeti alacak abone sayilarini hesaplayiniz.
* Sabit telefon abonelerinden ayni anda goriisme yapacak abone sayisi= (54.000*10/100)=5.400 Kanal

— Ayni anda ilce icinde birbirleri ile goriisme yapacak abone sayisi= 5.400*40/100=2.160 Kanal

— Ayni andailce icinden ilgce disindakiler ile gériisme yapacak abone sayisi= 5.400%*60/100=3.240 Kanal
* GSM abonelerinden ayni anda goriisme yapacak abone sayisi= (80.000*15/100) = 12.000 Kanal

— Ayni andailce icinde birbirleri ile goriisme yapacak abone sayisi= 12.000*25/100 = 3.000 Kanal

— Ayni andailce icinden ilce disindakiler ile goriisme yapacak abone sayisi= 12.000*75/100=9.000 Kanal

B) Ayni anda hizmet alacak abone sayilarinda E1 devre sayisini bulunuz.
* Sabit telefon abonelerinden
— Ayni anda ilce icinde birbirleri ile gorisme yapacak E1 devre sayisi = 2.160 Kanal /30 =72 E1
— Ayni andailce icinden ilce disindakiler ile goriisme yapacak E1 devre sayisi = 3.240 Kanal/30=108 E1

e GSM abonelerinden

— Ayni anda ilce icinde birbirleri ile gorisme yapacak E1 devre sayisi = 3.000 Kanal /30=100 E1
— Ayni anda ilce icinden ilce disindakiler ile goriisme yapacak E1 devre sayisi = 9.000 Kanal/30=300 E1



Ornek -2

c) Ayni anda telefon hizmet alanlardan ilce disina gidecek E1 devresinden SDH cogullama yapilacak
STM tlranu belirleyiniz.

* llce disina gidecek E1 devresi sayisi=108+300=408 adet E1
 STM-1 devre sayisi = 408/63 = 7 adet

 STM-4 devre sayisi = 7/4 = 2 adet

« STM-16 devre sayisi = 2/4=1 adet

 SDH cogullama icin STM-16 devresi kullaniimasi uygundur.



Ornek -2

D) GSM Internet ve Data hizmet alanlardan ilce disina gidecek E1 devresi sayisini belirleyiniz.

 GSM telefon abone sayisi: 80.000 ve GSM internet (Data) her aboneye 2Kbit/s net ve
Earlang % 20

* Toplam veri h1z1=80.000*2Kbit/s=160.000Kbit/s=160Mbit/s

* Toplam net veri hizi = 160.000Kbit/s*Earlang = 160.000Kbit/s* 20/100 = 32.000Kbit/s

* Bir kanal veri hizi=64Kbit/s

* Toplam veri kanal sayisi = 32.000/64 = 500 Kanal

 Toplam E1 sayisi=500/30=17 E1



Ornek -2

E) ADSL Internet ve Data hizmet alanlardan ilce disina gidecek E1 devresi sayisini belirleyiniz.

* ADSL abone sayisi 30.000 ve her aboneye 4Kbit/s net ve Earlang % 30

* Toplam veri hi1z1=30.000*4Kbit/s=120.000Kbit/s=120Mbit/s

 Toplam net veri hizi = 120.000Kbit/s*Earlang = 120.000Kbit/s* 30/100 = 36.000Kbit/s
* Bir kanal veri hizi=64Kbit/s

* Toplam veri kanal sayisi = 36.000/64 = 563 Kanal

 Toplam E1 sayisi=563/30=19 E1



Ornek -2

F) Ozel Data hatlari hizmeti alanlardan ilce disina gidecek E1 devresi sayisini belirleyiniz.

* QOzel Data hatlari abone sayisi: 50, ve her aboneye 100Kbit/s net ve Earlang %50
* Toplam veri hizi=50*100Kbit/s=5.000Kbit/s=5Mbit/s

* Toplam net veri hizi = 5.000Kbit/s*Earlang = 5.000Kbit/s* 50/100 = 2.500Kbit/s

* Bir kanal veri hizi=64Kbit/s

* Toplam veri kanal sayisi = 2.500/64 = 40 Kanal

 Toplam E1 sayisi=40/30=2 E1



Ornek -2

F) Internet ve Data hizmet icin ilce disina gidecek toplam E1 devresi sayisini belirleyiniz.

* GSM Internet ve Data hizmet icin 17 E1 devresi
ADSL Internet ve Data hizmet icin 19 E1 devresi
Ozel Data hatlari hizmeti icin 2 E1 devresi

Toplam 17+19 + 2=38 E1 devresi
SDH cogullama yapilacaksa 1 adet STM-1 devresi yeterli olacaktir.



Ornek

Bir kasabada 5000 sabit telefon abonesi bulunmakta ve anahtarlama E1 devreleri lizerinden

yvapilmaktadir. Kurulan sistem bu abonelerin ylzde 20 sine ayni anda konusma izni vermektedir.
O halde,

a) Ayni anda konusacak abone sayisini hesaplayiniz.
Ayni anda konusacak abone sayisi, M=5000*15/100=750 abone

b) Ayni anda konusacak abonelerin anahtarlamasi E1 devresi uzerinden olacaktir. Toplam E1
sayisini hesaplayiniz.

E1=750/30=25 Adet

C) Ayni konusan aboneleri anahtarlamada kullanilan E1 sayisint %201 sehir ici, sehirler arasi,
milletler arasi ve GSM gortusmelerine ayrilmistir. Bu amac icin ayrilan E1 sayisini hesaplayiniz.

E1=25*20/100=5 adet



Kaynaklar

Analog Electronics, Bilkent University

Electric Circuits Ninth Edition, James W. Nilsson Professor Emeritus lowa State University, Susan A. Riedel
Marquette University, Prentice Hall, 2008.

Lessons in Electric Circuits, By Tony R. Kuphaldt Fifth Edition, last update January 10, 2004.
Fundamentals of Electrical Engineering, Don H. Johnson, Connexions, Rice University, Houston, Texas, 2016.

Introduction to Electrical and Computer Engineering, Christopher Batten - Computer Systems Laboratory School
of Electrical and Computer Engineering, Cornell University, ENGRG 1060 Explorations in Engineering Seminar,
Summer 2012.

Introduction to Electrical Engineering, Mulukutla S. Sarma, Oxford University Press, 2001.

Basics of Electrical Electronics and Communication Engineering, K. A. NAVAS Asst.Professor in ECE, T. A. Suhail
Lecturer in ECE, Rajath Publishers, 2010.

http://www.ee.cityu.edu.hk/~csl/sigana/sig01.ppt
internet ortamindan sunum ve ders notlari



These slides were gathered from the presentations published on the internet. | would like to thank
who prepared slides and documents.

Also, these slides are made publicly available on the web for anyone to use

If you choose to use them, | ask that you alert me of any mistakes which were made and allow me
the option of incorporating such changes (with an acknowledgment) in my set of slides.

Sincerely,
Dr. Cahit Karakus
cahitkarakus@gmail .com






