WAN

Wide Area Networks
Rozlahlé siete



WAN

s Zakladné vlastnosti:
o geograficky neobmedzeny dosah
prenosovy vykon radovo kb/s az Gb/s
prenosove média nie su vlastnictvom koncovych pouzivatelov

koncovymi uzlami sieti WAnN su siete LAN, vzdialené pocitacCe a
terminaly

o O O

o prepojovacie prvky DCE (Data Circuit Equipment) vyuzivaju
fyzicku, linkovu a sietovu vrstvu modelu OSI

o koncoveé uzly siete DTE (Data Terminal Equipment) implementuju
vySSie vrstvy
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‘ WAN — najpouzivanejsie protokoly

Vrstva Protokol
IP, IPX, CLNS-ISO
3
RIP, OSPF, IGRP, BGP
PPP (LAPB, LAPD) MPLS
5 HDLC ATM
Frame Relay (LAPF)
DTE-DCE |V.24/V.35/V.36, X.21, G.703/G.704
1
DCE-DCE | V.34, V.90, 1.430/1.431, E1/T1, E3/T3, SDH/SONET,
DWDM

KIS, M.Oravec, KTL FEI STU




ISDN

Integrated Services Digital Network



Vivoj k ISDN

snaha o jednotnu telekomunikacnu siet

= analdgova telefénna siet

= analdgoveé spojovacie zariadenia s digitalnym
prenosom

= digitalna siet
= |SDN
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ISDN

ISDN Nosny systém |SDN
PCM

PCM : : : : PCM
TEX TEX
ISDN >< LEX - miestna ustredna ISDN
TEX - tranzitna ustredna

LEX NT - Network termination
T - ISDN terminal

digitalne aj analdgové koncové zariadenia
digitalna ucastnicka pripojka

digitalne spojovacie zariadenia

digitalne prenosove zariadenia (PDH, SDH)
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ISDN protokolovy referencny model (ISDN PRM)

=  Roviny a vrstvy

globalna riadiaca rovina (GC) — sluzby vSetkych ucastnikov
lokalna riadiaca rovina (LC) — riadenie spojenia na konkrétnom UNI

N Roviny:
= riadiaca (C-control)
O pouzivatelska (U-user)
N rovina manazmentu (M)

ISDN — synchrénna siet’ s prepajanim
okruhov, pouzivatelska rovina vyuziva
vrstvy 1-3

GC

c

Manazment (M)
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ISDN protokoly na UNI

Application
Presentation
End-to-endy
user
Session : signaling
Transport
Network 0.931 X.25 For further X.25
call control|packet level studv packet level
Data Link Frame
% LAPD (Q.921) Relay LAPB
Physical ) 1.430 basic interface + L.431 primary interface
L
Control Packet Telemetry Circuit Semi- Packet
signaling switched permanent switched

—

D channel B and H channels
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ISDN UNI

Telephone

Workstation/
Personal Computer
Digital pipes

to other
subscribers

PBX

Subscriber loop
with ISDN channel

ustomer structure
ISDN

interface

Alarm (%

Diigital pipes
to other
networks
and services

ISDN
central
office

acket-
switching
network

Ireult-
switching
network

Other
networks

Data
bases

Other
services
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UNI a referencné konfiguracie na UNI

TE 2

— TE1 —+— NT2 — 1 NT1 LT —}— ET

TE - Terminalové zariadenie
IR S

| TA TA - Terminalovy adaptér

NT - Sietové ukoncCenie

Referencny bod LT - Linkové ukoncenie

Funké&éna skupina ET - Ustredfiové ukon&enie
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‘ Kanaly na UNI

= B-kanal
o zakladny kanal pre prenos POUZIVATEL'SKEJ informacie
o prenosova rychlost: 64 kbit/s

= D-kanal
o kanal pre prenos SIGNALIZACIE pri prepajani okruhov
o prenosova rychlost: 16 alebo 64 kbit/s
0 vyuziva vrstvové protokoly
o prepajanie paketov

= H-kanal
o prenos pouzivatelskej informacie
o nasobky zakladného B-kanala
= HO - 384 kbit/s (6x64)
= HA1

o H11-1,536 Mbit/s (24x64)
o H12-1,920 Mbit/s (30x64)
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Pristupy na UNI

= ZAKLADNY PRISTUP
(BRA = basic rate access, BRI = basic rate interface)

o 2B+D, kde B=64 kbit/s a D=16 kbit/s
o celkovo 144 kbit/s, pre pouzivatela 128 kbit/s
o je tam aj synchronizacia a ramcovanie — celkovo 192 kbit/s

= PRIMARNY PRISTUP
(PRA = primary rate access, PRI = primary rate interface)

o B=64 kbit/s, D=64 kbit/s
o 2,048 Mbit/s
o 30B+D, celkova prenos. rychlost 1,984 Mbit/s

o v USA 23B+D, celkova prenos. rychlost 1,536 Mbit/s
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Signalizacia v ISDN

u koncove zariadenia a najblizsi spojovaci uzol
N DSS1 - Digital Subscriber Signaling System No. 1
u signalizacia medzi spojovacimi uzlami
O CCS7 - Common Channel Signaling System No. 7, SS7 - Signaling

System No. 7
TE SS — - —/SS PABX TE
R | A
DSS1 CCS7 DSS1 DSS1

SS = spojovaci systém
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DSS1: komunikacna architektura pre riadenie spojenia

Q.931 (2.931 call-control message

LAPD

LAPD header LAPD trailer

(Q.921)

Basic | Primary
interface | interface
(1.430) (L.431)
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DSS1: tyzicka vrstva

O zakladny pristup (BRI, BRA), konfiguracia kanalov 2B+D
L primarny pristup PRI, PRA), konfiguracia kanalov 30B+D, 23B+D
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DSS1: inkova vrstva

spolahlivy a bezchybny prenos dat zo sietovej vrstvy

protokol linkovej vrstvy sa nazyva Link Access Protocol - D channel
(LAP-D)

LAPD ramce:
I-ramec - informacny ramec potvrdzovany (INFORMATION)
S-ramec - ramec na riadenie a dohfad (SUPERVISORY)

U-ramec - nepotvrdzovany ramec - urCeny napr. na zostavenie, rusenie
spojenia a iné (UNNUMBERED)

Flaz
01111110

Flag
01111110

shitov/ 16bitov  16bits 16 bitow

AT CIE. EAD

TEI EA] I



DSS1: siet’ova vrstva ITU-T Q.931

ITU-T Q.931
ulohou sietovej vrstvy DSS1 je nadvazovanie, riadenie a ruSenie logického
spojenia v sieti medzi dvoma zariadeniami

= pomocou definovanych sprav (messages), ktoré sa prenasaju
v informacnom poli ramca linkovej vrstvy

8 bitoy  Sbitov  &/16 batow & batow n*s bitow

Message elements
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‘ DSS1: sietova vrstva User Network
VYMENA SPRAV SEIUE -

Bearer capability: 64 kbps unrestricted digital
Calling party number: 5551212
Called party number: 5551234

CALL PROCEEDING

Channel identification: BRI B1

ALERTING

Signal: Ring back tone on

CONNECT

User Data

DISCONNECT
RELEASE

RELEASE COMPLETE

KIS, M.Oravec, KTL FEI STU



Sluzby v ISDN - rozdelenie

Sluzby v ISDN
/ —

Nosnég, prenosove, Standardné,
transportne telesluzby
(bearer) (teleservices)
Zakladné Zakladné Zakladné Zakladné
prenosoveé prenosove Standardné standardné
o +
doplnkové doplnkoveé

(supplementary) (supplementary)
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' Standardné sluzby v ISDN

= Teleféonna sluzba
= Videotex

= Telefax 4

= 7/ kHz Audio

= Videotelefon

= [elekonferencia
= Teletex

= Telex

KIS, M.Oravec, KTL FEI STU



‘ Doplnkové sluzby v ISDN

napr.

= CLIP (calling line identification presentation)
m CLIR (calling line identification restriction)

= MSN (multiple subscriber number)

= SUB (subaddressing)

= DDI (direct dialling in)
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Euro-ISDN

= 1990 - 26 sietovych prevadzkovatelov z 20 krajin
podpisalo Memorandum of Understanding (MoU) o ISDN

m ciel - zaviest ISDN sluzby podla ETSI Standardov

= Euro-ISDN definuje:
O pristupy na UNI
o prenosove sluzby
o telesluzby
o doplnkove sluzby

KIS, M.Oravec, KTL FEI STU



ATM

Asynchronous Transfer Mode



TTU-T

= od 1985:

= New Transfer Mode
m Packet Transfer Mode PTM

= 1988

= Asynchronous Transfer Mode ATM

KIS, M.Oravec, KTL FEI STU



ATM (asynchronous transter mode)

= ATM = ATDM s paketmi konst. dizky + FPS

= ATDM s paketmi konst. diZzky — vychadza z STDM

= STDM - kanal urCeny polohou v ramci

= ATDM - kanal ur€eny hlavickou (adresou v hlavicke)

= FPS - rychle paketové prepajanie (fast packet switching)

KIS, M.Oravec, KTL FEI STU



Vlastnosti ATM

= paket konstantnej dizky

= SpPOjovo orientovany prenos

= bez kontroly chyb v sietovych uzloch

= bez riadenia toku dat v sietovych uzloch

= transparentné prepajanie buniek v smerovacich uzloch

KIS, M.Oravec, KTL FEI STU



Vlastnosti ATM — paket konstantnej dlzky

= bunka — cell
= 5B hlavicka
= 48B inf. pole

KIS, M.Oravec, KTL FEI STU



‘ B-ISDN protokolovy referencny model

/Rovina manaZmentu —
Riadiaca Pouivatelské -
rovina rovina g
VysSie vistvyy  Vy#Sie vrstvy § g §
ATM adaptatné vrstva AAL g '% .
ATM vrstva _—
/ /

Fyzick4 vrstva
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‘ Fyzické vrstva Raiacs _— Poutili

/ Rovina mana¥mentu

g
VysSie vistvy  VyiiSie vrstvy || g P
ATM adaptatné vrstva AAL g% 8
ATM vrstva _——
_—
Fyzick4 vrstva /

= Fyzicka vrstva - 2 podvrstvy

1) physical medium sublayer

funkcie vztahujuce sa na fyzické médium, vysielanie a prijem
suvislého toku bitov, synchronizacia pri vysielani a prijme

2) transmission convergence sublayer

generovanie a obnova prenosovych ramcov
adaptacia ATM buniek do prenosovych ramcov
delineacia buniek (cell delineation) - urCenie hranice bunky

generovanie HEC (header error-control) sekvencie a overovanie
hlavicky bunky

adaptacia prenosovej rychlosti ATM buniek na prenosovu rychlost
prenosového média (cell rate decoupling)
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/ Rovina mana¥mentu

‘ A'TM vrstva M 5
VysSie vistvy  VyiiSie vrstvy g g P
ATM adaptatné vrstva AAL g % 8
ATM vrstva _——
Fyzick4 vrstva / —

= multiplexovanie a demultiplexovanie buniek (podpora logickych
spojeni)

= zmeny VPI (virtual path identifier) a VCI (virtual channel identifier)

= generovanie a extrakcia hlaviCky bunky

= generovanie flow-control informacie do hlavicky bunky (generic flow
control)

KIS, M.Oravec, KTL FEI STU



‘ /Rovina mana¥mentu
Riadiaca PouZfvatePska

AAL vrstva = T .

VysSie vistvy  VyiiSie vrstvy g g P

ATM adaptatné vrstva AAL g % 8

ATM vrstva _——

Fyzick4 vrstva /
= ATM adaptacna vrstva (AAL) - 2 podvrstvy

1. segmentation and reassembly sublayer - segmentacia
informacie z vysSich vrstiev do payloadu ATM bunky a

znovuposkladanie informacie z payloadu postupnosti ATM
buniek

2. convergence sublayer - definuje sluzby, ktoré AAL poskytuje
vysSSim vrstvam
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B-ISDN UNI (User-Network Interface)

= UNI-popis pristupu do ATM siete
= B-ISDN UNI:

= verejné UNI (Public UNI)

podla ITU-T, pre pripojenie koncoveho zariadenia alebo
privatnej siete k verejnej ATM sieti

1.413, 1.430, 1.432 (ITU-T), ale aj podfa UNIv3.1 (ATM Forum)
= neverejné UNI, privatne UNI (Private UNI):

pripojenie koncoveho zariadenia k privatnej ATM sieti

UNIv3.1 (ATM F6rum)

E Private \j\
&
‘/E/, Switch :

Public ATM
Network

Prix:'ate Putljlic
UNI UNI



'B-ISDN UNI podFa ITU-T

= B=broadband
= pre ref. body je index B, pre funkéné skupiny predpona B-
= vychadza sa z N-ISDN UNI

= platia definicie pre funkCné skupiny, referecné body a referencné
konfiguracie z N-ISDN

= ref. body Sg, T, R — podobny vyznam ako v N-ISDN

KIS, M.Oravec, KTL. FEI STU



Fyzicka vrstva - physical medium sublayer

= 3 moznosti pristupov na UNI:

o 155,52 Mbit/s, symetricky (prenosova rychlost je
rovnaka v oboch smeroch prenosu)

o Asymetricky pristup
= pouzivatel — siet 155,52 Mbit/s
= siet — pouzivatel 622,08 Mbit/s

o Symetricky pristup 622,08 Mbit/s

KIS, M.Oravec, KTL FEI STU



Physical medium sublayer - iné prenosové rychlosti
= ATM Férum - aj iné moznosti:

= 155,52 Mbit/s, monomddové a multimdédové viakno
= 155,52 Mbit/s, multimoédoveé viakno, STP (shielded twisted pair)

= 100 Mbit/s, multimédoveé viakno, TAXI (transparent asynchronous
exchange interface)

n 44,736 Mbit/s, koaxialny kabel

o UNI3.1:
= 155,52 Mbit/s, UTP (unshielded twisted pair) kategoéria 5
= 51,48 Mbit/s, UTP kategoria 3
= 139,264 Mbit/s -pleziochrénna hierarchia E4
= 34,368 Mbit/s - E3
= 1,544 Mbit/s - T1
= 2,048 Mbit/s - E1

KIS, M.Oravec, KTL FEI STU



Physical medium sublayer

Prenosova struktura pre multiplexovanie ATM buniek z
r6znych logickych spojeni:

1) Bunkové rozhranie (cell-based interface), nativne
rozhranie

= suvisly tok buniek, ziadna multiplexova ramcova Struktura

= synchronizacia bunka po bunke (cell-by-cell), predpoklada sa
spravna delineacia hranic buniek na zaklade HEC pofla

2) SDH/SONET rozhranie

3) PDH rozhranie
= bunky su mapovaneé do PDH ramcov

KIS, M.Oravec, KTL FEI STU



ATM vrstva Format na UNI (user-network interface) Format na NNI (network-network int.)
na referencnom bode S alebo T

format ATM bunky s 4
Generic flow control | Virtual path identifier Virtual path identifi
Virtual path identifi
Virtual channel identifier -octet Virtual channel identifier
______ header A
Payload type |CLP Payload type | CLP
Header error control N Header error control
S3-octet
cell
Information field Information field
(48 octets) (48 octets)
k J

KIS, M.Oravec, KTL FEI STU



Virtualny kanal (virtual channel) VC a
virtualna cesta (virtual path) VP

= logické spojenia v ATM

— Vvirtual Fath % y
Transmission Path
t L 1
L1

Virtual Channels

KIS, M.Oravec, KTL FEI STU



Zostavenie spojenia vyuzivajaceho VP a VC

Request for
VCC Originates

VPC Exists?
Establish a
New VPC

Can Quality
of Service
he Satisfied?

Yes

Block VCC or
Request More
Capacity

Request
Granted?

Mo

h 4

Make
Connection

Reject VCC
Request

KIS, M.Oravec, KTL FEI STU



Kategorie ATM sluzieb (podl'a ATM toéra)

= Constant bit rate (CBR)

= Real-time variable bit rate (rt-VBR)

= Non-real-time variable bit rate (nrt-VBR)
= Unspecified bit rate (UBR)

= Available bit rate (ABR)

= Guaranteed Frame Rate (GFR)

100%

Available Bit Rate
and
Unspecified Bit Rate
Percentage
of line
capacity Variable Bit Rate
0

|
Time



AAL - ATM adaptacna vrstva (ATM adaptation layer)

= AAL - podpora protokolov, ktoré nie su zaloZzené na ATM
= Adaptacia informacie z vySsSich vrstiev do ATM buniek
m ITU-T - Styri triedy sluzieb (aby bol pocCet typov AAL minimalny)

Trieda A B C D

Potreba Ano Nie

synchronizacie

Prenosova Konstantna Premenliva

rychlost’

Méd Spojovo orientovany Bez

spojovania spojovej
orientacie

Protokol AAL 1 2 3/4, 5 3/4

KIS, M.Oravec, KTL FEI STU



AAL — clenente do podvrstiev

=  Convergence Sublayer CS
CS — Convergence - multiplexovanie, detekcia straty
Sublayer buniek, ¢asovanie
SAR — Segmentation = Segmentation and Reassembly
and Reassembly Sublayer sublayer SAR
- segmentacia dat do ATM bunky,

znovuposkladanie dat z ATM
buniek

KIS, M.Oravec, KTL FEI STU



AAL - ATM adaptacna vrstva (ATM adaptation layer)

User Data

AAL User

Convergence
Sublayer (CS)

1 1
1 1
1 1
1 1
[ [
,. - T .
K;’ f.—‘:.' (e \:1_‘_ “\_‘
- - -~
- i L bl ~ L
. ! . e, .
- i 1 LS . .

3 Segmentation
and Reassembly

(SAR) Sublayer SARPDU ! ' SARPDU ! | SARPDU ! | SARPDU

ATM Layer

ATM cell ATM cell ATM cell ATM cell

Physical Layer

KIS, M.Oravec, KTL FEI STU



I AAL — prenos
protokolom

AAL 3/4

BOM

Higher layer PDU

CPCS-H CPCS-PDU payload "",_E CPCS-T
! I !
I | I | |
[
SAR-H | SAR-PDLI payloadj SAR-T I | |
: I | |
| I | |
COM | SAR-H | SAR-PDU payload| SAR-T | |
| |
I | |
_ | _ e .
COM | SAR-H | SAR-PDU payload] SAR-T |
| |
SAR-PDL EOM | SAR-H
2 44
I
ATM cell |ATM-H ATM-cell payload
CPCS = common part convergence sublayer
SAR = segmentation and reassembly
PDLI = protocol data unit
CPCS-H = CPCS header
CPCS-T = CPCS trailer
SAR-H = SAR header
SAR-T = SAR trailer
ATM-H = ATM header
BOM = beginning of message
COM = continuation of message

EGM = gnd of messape

CPCS-PDU

SAR-PDU

SAR-PDU

SAR-PDU

I 1 :
SAR-PDU payload] SAR-T
L1

2




Porovnanie: SAR (segmentation and reassembly) PDU pre AALL,
AAL3/4 a AALS

‘ SN ‘5;.‘\11' SAR-PDU payload

- - -
Header 47 octets
I octet

(a) AAL Type |

‘5'1' SN MID | SAR-PDU payload LI CRC

-4 -l Pl -

Header 2 octets 44 actets Trailer 2 octets

(b) AAL Type 3/4

SAR-PDU payload

48 octets
(c) AAL Type 5

SN sequence number (4 bits)

SNP sequence number protection (4 bits)
-1 segment type (2 bits) —_—
MID multiplexing identification (10 bits)
LI length indication (6 bits)

CRC cyclic redundancy check (10 bits)



NGN

Next Generation Networks



NGN: Horizontally-Integrated Network

NGN - Convergence

Transport

Point to point, Point to multipoint, Multipoint to multipoint

KIS, M.Oravec, KTL FEI STU




‘ NGN - typicka reprezentacia architektury NGN

r" ™
Lorvice ol . - Customer ID Secure . Communication . -

p. iy
i T
Control plane

e

-

Transport plane

\_ Circuit-Switched | Y,
nietwiork /"_ e
— [r'rmhienpem'}j PSTN 1 . | . : ~
— — ___‘_,.- e . .I : : o .
Boosss nl Wireline Packet-Swilched Wirelezs Packet-Switched
plane - {eg. ADSL, cable, Ethemne) (2. WLAN, UTRAN)
\ :
7 3 & . TRRYT
— Crcuk-Switched (C5) Ik m— Facke! Swilched (FS) Ink - Signaling fow 111 | [er— &e¥ F5-75 rouerswiich

(Sowrce: Devofeam Siticom]

KIS, M.Oravec, KTL FEI STU



	WAN
	WAN
	WAN – najpoužívanejšie protokoly
	ISDN
	Vývoj k ISDN
	ISDN
	ISDN protokolový referenčný model (ISDN PRM)
	ISDN protokoly na UNI
	ISDN UNI
	UNI a referenčné konfigurácie na UNI
	Kanály na UNI
	Prístupy na UNI
	Signalizácia v ISDN
	DSS1: komunikačná architektúra pre riadenie spojenia
	DSS1: fyzická vrstva
	DSS1: linková vrstva
	DSS1: sieťová vrstva ITU-T Q.931
	DSS1: sieťová vrstvaVÝMENA SPRÁV
	Služby v ISDN - rozdelenie
	Štandardné služby v ISDN
	Doplnkové služby v ISDN
	Euro-ISDN
	ATM
	ITU-T
	ATM (asynchronous transfer mode)
	Vlastnosti ATM
	Vlastnosti ATM – paket konštantnej dĺžky
	B-ISDN protokolový referenčný model
	Fyzická vrstva
	ATM vrstva
	AAL vrstva
	B-ISDN UNI (User-Network Interface)
	B-ISDN UNI podľa ITU-T
	Fyzická vrstva - physical medium sublayer
	Physical medium sublayer - iné prenosové rýchlosti
	Physical medium sublayer
	ATM vrstvaformát ATM bunky
	Virtuálny kanál (virtual channel) VC a virtuálna cesta (virtual path) VP
	Zostavenie spojenia využívajúceho VP a VC
	Kategórie ATM služieb (podľa ATM fóra)
	AAL - ATM adaptačná vrstva (ATM adaptation layer)
	AAL – členenie do podvrstiev
	AAL - ATM adaptačná vrstva (ATM adaptation layer)
	AAL – prenos protokolom AAL 3/4
	Porovnanie: SAR (segmentation and reassembly) PDU pre AAL1, AAL3/4 a AAL5
	NGN
	NGN - typická reprezentácia architektúry NGN

