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The 3 lessons In network studies

* Public Switched Telephone Networks
(PSTN), Integrated Service Digital
Networks (ISDN), backbone networks

 Mobile Networks -- Public Land Mobile
Networks (PLMN) GSM, UMTS, DECT,
[ETRA, Bluetooth, Globalstar, Iridium

* Private networks, Broadcasting networks,
Cable TV networks (CaTV)
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Flash report on landline services for July 2018

Data suppliers: Magyar Telekom Nyrt., Digi Grouvp: (Invitel Zrt., DIGI Kft ), UPC Magyarorszag Kft | PE-TELEKOM Zrt |

Tarr Eft., ViDalNet Zrt., PARISAT Kift.

Summary data of landline (fixed) voice services

Number of switched (PSTIN) voice

Number of voice channels within conventional, twisted copper wire

1
channelz [No.] 177110 networks
o - Number of voice channels within IP-baszed (e.g.: xDSL, leased line,
Number of VolP voice channels [No.] 1628 612 Ethernet, ATM, fibre-optic) networks
j[.'{}]:}hn of VoCATV voice channels 1 044 840 Number of voice channels within cable television networks
Total number of voice channels (est.) Includes estimates of PSTN, VoIP and VoCATYV voice channels for
3074 000 _
[No.] the total market.
Number of voice channels per 100 30.20 As per the latest figures made available by the Central Statistical
inhabitants [No.] = Office (K5H), Hungary has a population of 9,771,000.
Telephone penetration rate of Percentage refers to the number of voice channels versus number of
ImusEIml dsp[%] 64,550 hounseholds. According to the latest figures made available by the
(K5H), the number of houzeholds is 4,021,000.
Duration of PSTN calls placed [minute] 19 607 351 The duration of calls with carrier selection is also included.
Duration of IP-based calls placed Includes the duration of calls placed within VoIP and VoCATV
. 254 906 393

[minute] networks.
Duration of calls placed per voice Figure shows the total duration of calls placed in the period under

. 3 P 03,0 review divided by the number of voice channels connected at the end
channel [minute] . -

of the period.

Number geographic numbers ported at 371 640 Based on data obtained from the Central Reference Database since 1

the end of the month [No.]

Januwary 2004.




Flash report on landline services for July 1018

Number of broadband Internet subscriptions

Baszed on data obtained from the above-mentioned market leader

broadband subscriptions (est.) [No.]

Number of xDSL subscriptions [No.] 739 428 data suppliers, covering almost 98% of all xD5SL subscriptions.
Number of subseriptions for broadband 1235 004 Bazed on data obtained from the above-mentioned market leader
via cable [No.] - cable providers, covering 32,8% of all cable modem subscriptions.
Of which: number of broadband 1139 500 Number of cable modem subscriptions where the terminal
subscriptions via Docsis 3.0 [No.] equipment (modem) has been replaced.

Number of broadband subscriptions via 665 751 Based on data obtained from the above-mentioned service providers,
FTTx [No.] B covering 99% of all FT Tx subscriptions.

Total number of fixed-access 2 923 000 Estimation pertaining to the total market. Includes estimates of

xD5SL, cable modem and FTTx subscriptions for the total market.
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Flash report on landline services for July 2018

Number of connected voice channels

wNumber of PSTM voice channeals [No.) Numbar af \VoIP walca channels [No.] = Number of WVoCATY voice channels [Mo.]
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Mote: based on data obtained from the above-referenced senvice providers, covering 96% of the landline voice market.
(number of connected voice channels/number of population)* 100
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Number of fixed broadband Internet subscriptions
W Pumizasr of 30EL imks [Mo-] BNumser of suscripions via catéa [Ma.] W Numbar of subscrptions via FTTx ko]
2600
E
g 592
g
= 1950
1300 11594
650
(1] =

source: National Media and Infocommunications Authority, Hungary

Mote: based on data obtained from the above-referenced service providers that cover 90% of the fixed broadband market.
Other (i.e. wireless) broadband technologies are excluded.
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Technologies of Internet Access in Hungary
The total number of subscriptions was about 9,5 million

Az internet-eldfizetések megoszlasa a technolégia tipusa szerint
2017. IV. negyedév végén

B Mobilnet

W Kabeles?)

B xDSL
Optikai

B Tobbi technolégia

Source: KSH Statisztikai Tukor 2018. marcius 9

a) A kabeltelevizios halézathoz illesztett modem alkalmas digitalis jelek inditasara és fogadasara.



Internet Users in the World
by Regions - December 31, 2017

M Asia 48.7%

_| Europe 17.0%

| Africa. 10.9%

B Lat Am / Carib. 10.5%

B Horth America 8.3%

o Middle East 3.9%

ol Oceania / Australia 0.7%

source: Internet World Stats - www.internetworldstats.com/stats.htm
Basis: 4,156,932 140 Internet users in December 31, 2017
Copyright @ 2018, Miniwatts Marketing Group
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Flash report on television, July 2018

Data provided by Magyar Telekom Nyrt., UPC Magyarorszag Kft | DIGI Group: (Invitel Zrt., DIGI Kft)), PR-TELEKOM Zrt. | Tarr Kft |
ViDaNet Zrt., PARISAT Kft, UPC DTH S.arl., Antenna Hungdria Zrt.

Summary data of broadcasting subscription service Base:
Total number of television subscriptions 3367 000 Number of television subscriptions (regardless of technology).| Entire market
(estimated): 2 Eztimated value for the entire market. [INo.] (estimated valoe)*
Number of television subscriptions (regardless of technology). 10 mai et
Number of television subscriptions: 3350495  |Based on data from the above mentioned data suppliers, mﬂll;f i
covering ~94 % of the broadcasting market. [No.] prayers
Number of breadeasting subscniptions on cable television
Number of subscriptions on wired networks 3 455 757 networks and IP networks. Based on data from the above £ major market
(CATV, IPTV): =2 mentioned data suppliers, covering ~92 % of the wired plavers
broadecasting market. [No ]
total number of analogue television 710 124 Number of analogue broadeasting subscriptions on cable 8 major market
subscriptions of these: televizion networks. [No.] plavers
INumber of subscniptions with set-top-boxes. Number of
. . Lo - subscriptions where the subscniber termination pomt 1s £ major market
of these digital subscriptions: 1745163 capable of accessing the service and at least one programme is plavers
digitally tran=mitted. [No.]
Satellite broadeasting service subscniptions. Based on data a et
Number of wireless subscriptions (DTH) 504 513 from the above mentioned data suppliers, covering 98% of the | ~ ma];_
wireless broadcastimg market. [No.] payers
Broadcastng subscniphion service - on DVB-T standard - Fotire market
Number of MinDig Tv Extra's subscriptions: 99 395 provided by Antenna Hunginia, covening 100% of these o
S - 1 market plavers
subscriptions. [No.] -
Number of digital television subscriptions (regardless of 10 mai et
Total number of digital television subscriptions: | 2649371  [|techmology). Including: (Digital CATV, IPTV, DTH coded THAJCT T

DVE-T) [No.]

players




Special features of networks

* Only services can be sold on the real
market!

e There are not InNfocommunication services
without networks.

* You could not buy networks. You have to
plan, to construct, to operate, to develope
according to the actual demands and to
eliminate at the and of service provision.
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Service, application and

content providers....
Like: Vodafone, CIB Bank,

_—  CNN

\ 4/ Servers
/ \ / Network operators
/ Transmission lines,

Multiplexers,
/ Routers,

Switches
/

m
/ \ \ End users

/ Like: subscribers,

Companies
Mobile sets, TV sets

computers
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Basics of network components

« Backbone networks: long distances, high traffic,
Interconnection of nodes, transport bits of any
services, high reliability, high availability.

« Access networks: local distances,
Interconnection of terminals and local nodes

« Network planning: selecting topology, optimal
selection of positions of nodes, dimensioning of
node traffic handling capacities, dimensioning of
link capacities, selecting technologies.

Infocom 5. ea. 2018. okt. 8. 12
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Solution
Provider
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Backbone Node

emote Access
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Note: map is not to scale. Copyrignt © Smert Cinar, LLC 2015
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U.S. IP Backbone (AS3561)

B SAVYIS Node
B O SAVVIS Daa Cemter
Bl Tdohouse Node
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Chicago

United States Fast Internet Backbone
Infocom 5. ea. 2018. okt. 8.




@  International Network Coverage === APCN-2
e SEA-ME-WE 3 Cable System w EastAsia Crossing
e APCN e Pacific Crossing (PC-1)
e TPC-5 CN e FLAG North Asia Loop (FNAL)
s China-US CN v ACA]
www Miyazaki-Okinawa Cable System === US Express Ring
s Japan-US CN s Apollo

I}w Zealand
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Public Switched Telephone
Networks (PSTN)

Brief history

Basics

Network structures

Network implementation
Network development trends
Missing topics

Infocom 5. ea. 2018. okt. 8.
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Brief history 1.

1876 A. G. Bell Patent of telephone (50.000 phone within
3 years)

1877 T. A. Edison patent of carbon microphone
(covering long distances)

1878 Puskas Tivadar the first telephone exchange in
Connecticut

1881 Puskas Ferenc the first telephone exchange in
Budapest

1890 The first Wien-Budapest international telephone
connection

1892 The first automatic telephone exchange in Indiana

1928 The first automatic telephone exchange in
Budapest

1997 The last manual exchange moved to museum in
Hungary

Infocom 5. ea. 2018. okt. 8. 25






Brief history Il.

The technical level of Hungarian PSTN
networks are very high due to the fast
development from 1992-2002

From 1 million subscriber to 10 million one

From 1000 manual exchange to almost
fully digital network

COCOM list restriction not from our side!!!

Infocom 5. ea. 2018. okt. 8. 27



Basics of telephony

2/4 wire for voice

Feeding of circuit

Access solutions

Backbone

Signalling basics for a telephone call
Source of revenues

ADSL principles

Infocom 5. ea. 2018. okt. 8.
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2/4 wire for voice




Electronic hybrid circuit

I I
== | iM

Twisted pair cable  ©O—— N
L Z
Z, characteristic impedance T

Infocom 5. ea. 2018. okt. 8.



Powering of telephone sets

Feeding bridge

= e

Pe—

Traditional feeding bridge circuit

iyl 03

1 e ) — i
- 3 350
' gV

Subscriber line
- a5t

Local exchange

<«

SiLF >
|| o

.
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DC line current:
20....60 mA
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Access solutions

Subscriber
multiplexer

Local exchange

Subscriber Group switch
switch

Lot

- == X
n

Remote
subscriber switch, RSS

ro. 4 N v~ —~
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Connections to the local exchange

~.
Q
N
2
0
K
3
‘S Eloszto
szekreny

Elosztg
szekreny

/

~Q
=
N~ /
'I
7op,
szakren

f 'I.
gazosok  elps.
egyenivez|  hglozat

elofize
leog:
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Main cables

Distribution cabinets

Distribution cables

7dp-
Szekreny

/

Distribution boxes

Drop cables,
Indoor cables
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Access network implementation

)]
Secondary Distrbution
Cross Conn
Pomt (SCP)
DFP
Primary
Cross Conn

Distribution
Cables

Exc b Pomt (PCP)

9’
I ’] j-’
oot

Frame (MDF)
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Cable duct system implementation

eldregydrtott teherelosztd lemez

mdanyagcsovek

betontam

L55cm

aljzatbeton
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Cable distribution cabinet (street version)

Implementation
0
Dl i — )
% 35

AXX XAXAX XXX
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Signalling basics for a telephone call

=
1. Set-up phaset — __ ©9ff hook

T e
% Dial tone

— ]

5 E'”‘ﬁ”ber "1234.
T T = e

ff Ringing toné  _ — ‘R"ﬂgf@ signa/§

B-answel _ __
- —
2. Conversation |<— o
3. Clearing _Onhook _ @
@ - On hook
T T e

(the connection is cleareq)

Infocom 5. ea. 2018. okt. 8.
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Channel-associated signalling for a trunk call

Subscriber Interexchange Subscriber
% signalling X signalling signalling @
(CAS)

-
S | e

—
— —

B'”Ufﬂber "1234 *
" s Ve ~>~Ca”(Ljne sjgnal)

.~

Routing information

(Register signal)
/ ya | (il Rlngmg 319"8[“
Jt ff_fiin_gjng_[on_g —————————— .
! B-answel _ _
g-answer(Line signal) | g —— —
S — —
Conversation
B y
2 On hook
‘‘‘‘‘ . Clear forwary
(Line signal) — =
Release guard ]

—
- S—

- (Line sign o




Common-channel signalling for a trunk call

Subscriber Interexchange Subscriber
% signalling signalling signalling @'

CCS, 8S7,
| __ __ Offhook ( )
= =
/f Dial tone _ _— -
| B-number 71234 - g
= = = | mitial address
message " — — —jam
Address complete.
4 — message
Ringi ; N
Fgingingtone |_ _ — — — — — T — — L ng”ﬂ\
g = —
B-answer -
Answer charde_| o — — —
<« — — ~ message
Conversation
R =
u On hook
T T T = — ] o
T — — | onhook_ _ -
. —
Release guard _
- —




Backbone issues in a small country

with dense population

 Fully optical — only spare radio connections
* Covered distance between nodes max 100 km

* In Hungary the source of telecom traffic
(including telephone, TV programs, Internet)
concentrated in Budapest (like the road traffic)

« Concentration of switching capacities in higher
level nodes

« Fault tolerant topology is required for reliable
services

Infocom 5. ea. 2018. okt. 8.
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Network structures

Basics

MATAYV structures

PANTEL structures
Interconnection Issues
Structure and numbering
Intelligent Network Concept

Infocom 5. ea. 2018. okt. 8.
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Basic structures in PSTN/ISDN networks

Star topology
Multipolar topology
Meshed topology
Ring topology

Bus topology

Infocom 5. ea. 2018. okt. 8.
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STAR BUS

n=1 o o o o

~Csillagpont

RING

4. sik

MESHED

MULTIPOLAR

L=3; n,:l.; n=32 L 7
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inkErmationa

secrlary

FrmEry

MATAV NETWORK STRUCTURE

kong-distancs ransil

O O O
o | & | o

Budapes! primary distnct
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Telephone network structure of MATAV

F &
Secondary exchange
T Backbone
network
Primary exchange Inter
exchange
¥ network
F 3
Local
exchange Access
network
L
Subscriber 1
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Beméponh
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622Mbp

24Gbp
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A T-Com optikai gerinchalézata

border crossing
to Ukraine

O  Secondary node

(e} Primary node

o Other node

w— New cable in 2007

HOSVATORSZAG 1

Backbone optical cable network

HORVATORSZAG 2

....EF..Com.



A Magyar Telekom terjeszkedési tervei:

A magyarorszagi halézati kapacitas tovabbfejlesztése, bovitése,
valamint tovabbi hataratlépo6 pontok létesitése Romania, Bulgaria
Torokorszag eés Ukrajna felé.

[ DWDM node
> SUH node

DANDM netmnes
...... Laasad capacity




A |
Ad

PKTavkozEseE
héezet
Habzatpszt
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Chicago

United States Fast Internet Backbone
Infocom 5. ea. 2018. okt. 8.




4__1 3. Layer
' Network layer

2. Layer
Data link layer
IP link

1. Layer
Physical layer

Optical cable
51




PANTEL optical backbone
structures

Pantel international connections & Capacity

W las 2000124

M%m v Slovakio
} “mw =7 e peoei ety
L. (8K Ukrating

uAD

oA biar d . )
e =5 a3, N PRy - —— = —
e, T e ™ 21 el }
A

¢ /" LN -~ g

w
&

P
"'p “dide,
J
[
6
BRI WA p - o
: kB
Stovenia N,
O P
(B0 dimens Rormonio
(ko)

Marks :

O tarnotanal Ik - LnsEr covEucion

@ niemaoany S - o anenin
DUBEAOEY VN Slned ovip

B Aueluecrasi vovil



PANTEL logical SDH rings

Simplified structure of PanTel Panlel
SDH backbone network

STM-4t0 2*STM-1to
2*STM-1 UTA Slovakia

to PTA hese STM's include

eased lines to Frankfurt,
Amsterdam and Praha
Sopron
N t

Ring #4/b Hhalom
(2 nodes) Csorna

Ring #1 (19 nodes)

MAN (11 nodes)

Ring #4
(18 nodes)

(Bp.total: 18 nod

Ring #5
Ring #2 (8 nodes)
Ring #3 (5 nodes)
(12 nodes) Not closed!!

of notes : 75 August 2000

(Issue: 18. August 2000, Laszlo Zorkoczy
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Interconnection principles

Helyvi Osszrekapcsolas: Pomt

srolealtatd Hely

Lona

Ieénybevewd Halozata

Hely1 Hivaskezdemenyezes
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Interconnection principles

Regonalis £ona

. . . . . - M
regionadis deazekapesolisi ponl Regwauilis Uksrekapesolast Ponl

\I-‘.u'r' ondilis Ok Kozpon i
I
|
R / y

Srolgaltatd
Haljeata

=

Harmadik Feél

haldzata

S

Fegiomilis Trarei

|. abra: Hivaskezdemeénvezés és Reglonalis Tranzit Szolgaltatas
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= USA hivasa

— () 9 c/perc dijtol

Nincs elkotelezades, nines kapesolodasi dij

280x0,009=2,5Ft/perc ! !
F
-(;T;‘. SR =
gy NemzeikozZi egyente

Hivas barhova

Mobil és vezetékes

e €999 ~ 605 perc*
€499 ~ 302 perc*

€24.99 ~ 1514 perc*
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Interconnection implementation
Matav Partner

S —

Ossrekapcsolas) Kdzpont

X 5 1

T F Y

Ossrekapcsaidss
LBLRE pa
Hozzafaras)
Fant _ . /
Epileten beiti  Hazon belal ‘ ;
STANS5T srakasz

Watsw
harsndszrése

dMalay
berandozéss

| &mfﬂém@munn&n‘ﬂ sz-aka-sz} j“—- DDE

Fika —— ['I ‘

Falke: A Matav berendexgs elhelvezésere kialakitott helviseg

3. abra- Osseckapesolas megvalositasa Partner telephelven
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2

Network structure and numbering

-
]

4

5

i

-
§
I

i

Ly

Lrtkesfehérvar

Biatorbagy

Szgetsztmiklos

Dumanivaros

Srentendre

Ve

Ciddalla

Maonor

Salgotandan

Esztergom

Tatabdinva

Balassagvammat

Eger

Civongyis

Nvircgyvhaza

Maiészalka

Kisvanda

Mliskale

SEerencs

Menikinvesd

Cegled

Berettyonfalu

Teszl*

Saolnok

Jaszberény

Karcag

Srenles

Bekisesaha

Chroshiza

Maohacs

Szgetvar

Lztlkszand

Paks

Eeeskemdt

Fiskunhalas

Kaskanis

Baja

Kaposvar

Keszthely

Lotk

Marcah

Tapolca

Veszprém

Papa

Lalacperszeg

Magvkanizsa

Szombathely

Sarvar

i

Sopron

AB i |
2 Kizeéhn mobl madidtelefon halozat (GSMDCS) =
3 Kizeéln mobl madistelefon halozat (GSM/DCS) B-ISDN hozzaférés szoloaltatas (lervezett)
Orsztott dijas hivas seolgaltatas® Informatikan szolgaltatas®
A Oreszigos kizeéh szemébvhivi halozai ntemet hozzafénési szolgaltatis®
0 kazedln mobnl radidtelefon halézat (MMT) -
T Kizeéhn mobl madidtelefon halozat (GSMDCS) LUzlet haldzat hoezafinés saolgaltatas®
b Dhiymentes hivas szolgaltatas® Intelligens haldzati saolgaliatas®
0 Emeltdijas hivas szolgaltatas® IP VPN hozzafinés szolgaliatas
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Network implementation

Access issues: Rural, City, Down-town, areas,
In-door cabling, Underground copper cables,
Overhead cables, ADSL, Fibre To the Curb
(FTC), distribution frames

Core Issues:. Underground fibres, overhead
fibres,

Switching and multiplexing position of nodes

Traffic issues: dimensioning of switches and
links
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Access network implementation

)]
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DFP
Primary
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Distribution
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Costs and revenues —> market failure
The revenues are monthly fees and traffic based fees
Network costs are implementation and operation

/ Wireline networks

Network
costs

Cellular networks

v

Traffic density (Erlang/km2
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Prepaid and billed mobile subscriptions in Hungary

2. abra
. A moblitelefon-eldflzetések szima az eldfizetés tipusa szerint
Milli6 darab
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Missing topics

Telephone sets, terminal equipment (Lecture In
Nov )

Services (Lecture in Nov )

Regulation issues (Lecture in November )
Detalls of ADSL

NGN (Next Generation Networks in December)

Network planning (optional subject in semester
7.)
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Network development trends

Traditional
Solutions in Future Solutions

Services

N\
~N/ J B m @

Access Transport & Switching Networks
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