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Poskytovanie integrovanych sluzieb pre podniky




Uéel WAN
Preco potrebujeme WAN?

= LAN poskytuje vysoku rychlost
a cenovo efektivne rieSenie

= => ale LAN je obmedzena na
geograficky malé uzemie
= => ako prepojit LAN?

= = uloha WAN

WAN (Wide Area Network)

= Nie kazdy si mbze vybudovat WAN
= Napr. finan¢na narocnost

= Typicky preto poskytovana
Specializovanymi firmami
= TelekomunikaCnymi (telco)
= |SP (internet service provider)

Enterprise Campus

: } Workgroups

Building
Backbone

WAN

Remote Sites

Branch

Telecommu

Remote User



Uéel WAN

Su WAN siete potrebneé?

= Spolo¢nosti potrebuju komunikovat’ medzi uzemne vzdialenymi
oblastami.

= Priklad:
= Regionalne pobocCky musia byt schopné komunikovat s centralou a zdielat data.
= Organizacie potrebuju zdielat informacie so zakaznikmi v inych organizaciach.
= Mobilny zamestnanci potrebuju komunikovat' s materskou podnikovou sietou (data,
sluzby, aps. a pod.).
= Domaci pouzivatelia posielaju a prijimaju data bez ohladu na
vzdialenost’ (Soho segment)
= Priklad:
= Pristup na internet, k e-banke, e-nakupy, obchody.
= Pristup k informaciam, databazam, webom, apod.
= Hry, socialny kontakt




Uéel WAN

Su WAN siete potrebné? Priklad (curriculum)
= Ako firmy rastu, menia sa aj ich poziadavky na siet’ a jej

QII I%l‘\\l

SPAN Engineering

Connecting a Small Office
Connecting a Campus Network

Branch Office Regional Office

Central Office

-+ Telecommuter

Home Office

Branch Office
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Uvod do WAN

WAN na ISO OSI

OSI Model
[ Application
I Presentation l
[ Session
[ Transport
| Network l WAN Services

Datalinklayer() [ Flag | Addess | Contol | Daw | FCS | Fiag |

[ Data Link Frame Relay, ATM, HDLC
[ Physical Electrical, mechanical, operational connections

= WAN su definované a pracuju na L1 a L2 = Prenasaju PDU L3 vrstvy cez WAN

= Layer 1 definuje a popisuje eletricke, linky
mechanické, operacné a funkcionalne parametre o
fyzickej linky = L3 => L2 enkapsulacia

= Layer 2 protokoly definuju prenos dat cez L1 linku




Standardy L1 vrstvy (medzi DCE a DTE)

= Tvorené:
= International Organization for Standardization (1SO)
= Electronics Industry Association (EIA)
= |nternational Telecommunication Union - Telecommunications Standardization Sector
(ITU-T)
= L1 Standardy definuju:
= Mechanical/physical
= Pocet pinov a typ konektoru
= Electrical
= Definuje napatoveé urovne (0O a 1)
= Functional
= Specifikuje funkcie, ktoré su vykonavané pri manazovani linky
= Procedural
= Specifikuje sekvencie udalosti potrebnych pri prenose dat




Standardy L1 vrstvy (medzi DCE a DTE)

EIA/TIA-232

= This protocol allows signal speeds of up to 64 kb/s on a 25-pin D-connector over short
distances. It was formerly known as RS-232. The ITU-T V.24 specification is effectively the
same.

EIA/TIA-449/530

= This protocol is a faster (up to 2 Mb/s) version of EIA/TIA-232. It uses a 36-pin D-connector
and is capable of longer cable runs. There are several versions. This standard is also known
as RS422 and RS-423.

EIA/TIA-612/613

= This standard describes the High-Speed Serial Interface (HSSI) protocol, which provides
access to services up to 52 Mb/s on a 60-pin D-connector.

V.35

= This is the ITU-T standard for synchronous communications between a network access
device and a packet network. Originally specified to support data rates of 48 kb/s, it now
supports speeds of up to 2.048 Mb/s using a 34-pin rectangular connector.

X.21

= This protocol is an ITU-T standard for synchronous digital communications. It uses a 15-pin
D-connector.



Konektory sériovych WAN medii

End-User Router EDnnectiﬂrV_\ ‘V

Device
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EIAITIA-232 EIA/TIA-449 V.35 X.21 EIA-530

Provider

Network connections at the CSU/DSU
= CSU/DSU poskytuje vo€i DTE rozhrania ako V.35 alebo RS-232




Uvod do WAN

WAN Data Link Layer standardy a typy sieti (L2)

Data link Protocols

Dedicated Cisco HDLC, PPP
point-to-point Z

X.25,
Packet Relay
Switched Frame Rela

Circuit
Switched

ISDN

Link Access Procedure Balanced (LAPB) X.25

Link Access Procedure D Channel (LAPD) ISDN D channel

Link Access Procedure Frame (LAPF) Frame Relay

High-Level Data Link Control (HDLC) Cisco default

Point-to-Point Protocol (PPP) Serial WAN switched connections




Point-to-Point

Uvod do WAN

WAN topoloégie

Point-to-Point

= Typicky rieSené ako fyzicke Ci logické spojenia bod-bod,
ako napr. T1/E1 dedikované prenajaté okruhy (dedicated
leased-line)

Full Mesh

= Kazdy smerovaC ma fyzické Ci logické spojenie na kazdy
iny smerovac, napr. MPLS VPN, Ci Frame Relay VC
Hub-and-Spoke

= Point-to-multipoint topologia, kde sa vSetky smerovace zo
Spoke lokalit pripajaju na jedno rozhranie Hub smerovacCa

= LacnejSi variant k Full mesh
= Dual-homed

= Ako Hub and Spoke, avsak s redundanciou Hub
smerovaca




Uvod do WAN

Terminologia WAN fyzickej vrstv

Company (Subscriber)

Data Terminal

Equipment (DTE)

Data Com

nication
Equipmeny (DCE)

Local Loop

Demarcation Point

WAN Service
Provider Network

x s
-

i*\

&

Q Switch

Local loop
= last mile

= technoldbégia, ktorou sa
pripadjam na providera

WAN Service Provider

Service Provider
Equipment

Customer Premises
Equipment (CPE)

" zariadenia
umiestnené u
zdkaznika

Vlastné alebo
prenajaté

" typicky mimo
zodpovednost
providera

Data Communications
Equipment (DCE)

" or data circuit-
terminating equipment
(DCE)

= Modem, CSU

® rozhranie k SP,
pripravuje
pouzivatelské data na
prenos vhodny na prenos
cez WAN

| §

Data Terminal
Equipment (DTE)

= Zdkaznicke zariadenie

= router,
computer,

terminal,
printer

= dorucuje data zo
zdkaznikovej siete

= Pripaja sa na local
loop cez DCE

——

Demarcation point

" Miesto kde oddelujem
zdkaznicke zariadenia od
zariadeni telco
providera

" tu konc¢i zodpovednost
providera

" pripdjam sa na Local
loop




WAN zariadenia

= Dialup modem

= Histodria, prevod digitalneho signalu na . router [
frekvencie analégoveho signalu oo Access Server
= Access server —i g —

WAl

= Zariadenie riadiace volania o pripojenie N ‘ &5 .. T
(dial-in a dial-out) zakaznikov, napr. pri DS . o “- .
= Server or smerova¢ s mnozstvom woders AN SEitch
modemov £ #40
= CSU/DSU  _
= Channel Service Unit/Data service Unit
= WAN modemy konvertujice LAN data do PETH et A ”‘*“"”B

formy vhodnej pre WAN prenos (napr.
Ethernet do WAN T1/E1 TDM)

= V pripade Cisco méze byt vo forme WIC
karty Ci externé g 10701., DSL Cable
v Madem hodemn
= Smerovac -

= Prepinac




Priklad zariadeni

e RieSené ako interné alebo externé zariadenia

e Interna Cisco CSU/DSU

e Externy Cisco DOCSIS kablovy Wan karta

modem

- Cisco |IAD2430 series

eJednaz
moznosti oDSLAM
rieSenia

zapojenia

[-X\\—,Ql;i!; -m

Ethernet switch
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Prepojovanie okruhov (Circuit switching)

3. Prenos

4. ZruSenie
okruhu (sign.)

1.) Ziadost o
vytvorenie
okruhu (sign.)

2.) Potvrdenie
zostavenia
okruhu (sign.)

Nevyhody:
* Potreba signalizacie

Vyhody:  Oneskorenie pri vytvarani okruhu
» Dedikovana cesta(ak sa podari vybudovat' okruh) « Plytvanie zdrojmi
« Garancia prenosoveho pasma (ak plne nevyugijem kapacitu)
* Garancia QoS * Raz zarezervované zdroje kym sa neuvolnia nie je

* Rychlost’ systému pfi prenose mozné pouzit




Synchronny prenos

D — 1. rAmec D —
y E s3] NN 2]
Slot
= Prenosova cesta sa rozdeli na = Vyhody
tzv. asové sloty = Jeden slot prideleny jednemu
= Pozicia slotu je presne urcena v komunikujucemu Cxi
. = Ziskam garanciu prenosovej Sirky
case, obsah rovhomerne pasma
obsadzovany pomocou = Prenasaju sa len ,uzito¢né data“
synchronneho casoveho = Nevyhody
multiplexovania = Plytvanie prenosovymi

= Pouzivané napr. v telefénnej gg%setpeddéﬁggn' (ak nemam konst.

sietl = Pre datové siete nie velmi vhodné




Time-Division Multiplexing

MUX

E|D|E[E[DIE|E E

8 bits per timeslot
=

TSO | TS1 | se= | TS16 | eee | TS30 | TS31

= Timeslots are always present even if data is not available for sending.

- Bandwidth is statically allocated to the application.
- Protocol independent (HDLC, PPP).




Super ramce

>
1 N 312 |1 A Napr. prenosovy digitalny okruh
: EL:
@ N 3211 — , , .
32 PCM kanalov o rychlosti
@ N 321 64kb/s
5 MUX Vysledna rychlost: 2,048Mb/s
M | N 3|2|1|, —

___Superramec __ . ____Superramec
1,11P,113,1+M,1/1,22,2|13,2M,2| 1,N|2,N[3,N[M,N =
1,12,1|13,1}M,1/1,2|12,2|3,2}M,2| 1,N|2,N[3,N}[M,N
1,12,1/13,1M,1/1,2(2,2(3,2|IM,2| 1,N|2,N[3,N[M,N 3
1,112,113,1-M,1{1,2/2,2|3,2}M,2] -~ 1,N|2,N|3,N[—M,N

1. Kanal (spojenie)
64kbps




Statisticky MUX

Statistical Time Division Multiplexing

5o STDM STDM [5TTo
MUX MUX

E(IF FIDEIE|(F|DIE

8 bits per timeslot

TS0 TS TS16 TS30 | TS31




Prepojovanie paketov (Packet switching)

Data delené a smerované ako nezavislé datové bloky
= Potrebuju dopliujuce informacie => prenos ,neuzitocnych dat
V kazdom uzle siete vykonané smerovacie rozhodnutie
= Vznik oneskorenia
Nie je garancia prenosoveho pasma
Realizacia:
= Connectionless
= nie je garancia QoS parametrov (oneskorenie, straty a pod)
= Priklad: IP
= Connection oriented
= potrebny admin. zasah alebo potreba signalizacie [SVC],

= resp. podpora protokolov s “handshake” mechanizmami [TCP])
= Priklad: X.25, FR, ATM, VPN

Prepojovanie paketov
(Internet/IP)

Pouzivatel /
aplikacny
server

|4




Paketovy prenos

= Na prenos informacie datové bloky (pakety) premenlivej dizky
= Kazdy paket
= Nezavisly => Potrebujem dodat doplnkové info potrebné k prenosu paketu => HlaviCka
= V sieti:
= Ziadne garancie, nie su vytvarané kanaly
= Pristup k prenosovym prostriedkom kedy je potrebné
= Nemusim Cakat na ,slot”
= Kazdy paket spracovavany samostatne na zaklade udajov v hlaviCke
= Pakety mozu prist poprehadzované
= Data sa mo6zu stratit’
= Nevyhody:
= Prenasam ,neuzitocné informacie” (hlavicka), potrebné na Cinnost’ siete - protokolu
= Negarantované prenosové pasmo, zatazenie kazdého prenosoveého uzla
= Vyhody:
= Efektivhe a ekonomickeé vyuZzitie prenosového pasma
= Data su prenasané len vtedy, ked su nejaké urCené k prenosu

Prenosova cesta
<—| Hlavicka| Data Aplik.1 |—| Hlavicka Data aplikacie 2 H Hlavicka| Data Aplik.1 I_




Sposoby rieSenia WAN a pristupu




WAN sluzby

Sposoby riesenia WAN a pristupu do WAN

Moznosti pristupu Riesenia pristupu do siete

WAN Access Options

p————
by

1
114

WAN (1

e

AN

1
! Iy
Dedicated Switched Internet i
"4 ¥
0
/ \ DSL
Leased Circuit- Packet- Broadband
Lines Switched Switched VPN
l}l 1
(RERE N
S8R
g
T1/E1 PSTN Metro Ethernet DSL ‘
T3/E3 ISDN MPLS Cable
Frame Relay Wireless
ATM

Satellite

ISDN )
Telephone Line

Telephone M

Line

ISP "l
Satellite CEXREY 4 4
. Modem s
Coaxial
Cable
> Leased Line
Wireless

Cable i :

)
- -

e Doélezité poznat' a orientovat sa =>nasleduje prehlad




Private WAN

Leased line (Prenajate okruhy)

= Digitalna point—to—point linka
The standard in The standard In ‘

= Skor logicka ako fyzicka the U.S. Europe.
(TDM alebo WDM okruh) l l

= Permanentna dedikovana )%M
Service Provider
Network
London Office

kapacita
= dobre parametre

T3

. .. . b , New York Office
= kapacita nie je zdielana

K . h . 56 56 kbl's 0C-9 466.56 Mb/s
oneskKorenia a cnvenia 64 64 kbls 0C-12 622.08 Mb/s
. T1 1.544 Mb/s 0C-18 933.12 Mbls
- Cena Od r}'ICh IOSt| E1 2.048 Mbis 0C-24 1244.16 Mbls
., . J1 2.048 Mb/s 0C-36 1866.24 Mbls
8 Real 1Zacla akO T1 /E 1 , E3 34.064 Mbls 0C-48 2488.32 Mbls
T3 44.736 Mbs 0C-96 4976.64 Mbls
SO N ET, S D H/P D H oc-1 51.84 Mb/s 0C-192 9953.28 Mbls
0C-3 155.54 Mb/s 0C-768 39813.12 Mb/s

= Nizsia flexibilita




Private WAN

Circuit switching options (Prepojovanie okruhov)

Analog Dialup
e B =\/yZaduje modemy a na druhej strane modemové servery
= Jednoduchost, dostupnost, nizka cena implementacie, rovnaké
— podmienky na linke (oneskorenie, jitter)
=Nevyhody:
=Nizka rychlost (56kbps max.), dlhy ¢as zostavenia spojenia
| . - : 4
i Na Slovensku minulost ISDN
T LR L
)
PSTN |
Dial-up modem Dial-up modem

ISDN

=Integrovana siet’ digitalnych sluzieb (ISDN) ]
*BRI pristup (2B+D): 144kbps max. ST e
*PRI pristup (30B+2D): 2,048Mbps max. (TA)

=\/ySSia kapacita, kratky Cas zostavenia spojenia, dedikovana

kapacita ] o4 e [
=Pouziva TDM D f Jas e
16 kbpls

=Pouzivana Casto ako backup primarnej linky

= Dial on Demand Routing DDR) 235&:3?{ 64 kb/s | T11.544 Mbls
= Na Slovensku minulost each E1 2,048 Mbls
D 64 kb/s (includes sync)




Private WAN
Frame relay (Prepojovanie paketov)

= Frame Relay

= Nahrada pomalych paketovych X.25
sieti

= Podporuje L2 kanaly
= PVC (Permanent Virtual Circuit)
= SVC (Switched Virtual Circuit) kanaly

= Kanal mal identifikator — DLCI (Data
Link Connection Identifiers)

= SmerovaC R1 posielajuci data na R2
pouzije kanal s DLCI 102
= Vlozi do FR ramca adresu 102
= Tu FR prepinac v sieti ISP pouzije na
prepnutie smerom k R2
= R2 v opaénom smere pouzije DLCI 201
S

Corpg%tgeHead = Rychlost do zhruba 45Mbps (DS-3)

= Priklad: bezny smerovac z lab
RB303 s WIC2T kartou

Branch Office




Private WAN

ATM (Asynchronous transfer mode)

= Paketova technoldgia so
zostavovanim VC spojenia s AT Swich
prepinanim buniek (mini IP TV Broadcast Server
paketov fixne] dlzky 53B) ;

= Velmi komplexna a draha
technologia pre komplexné :
riesenie celych sieti
= Telco pristup

= Mala byt univerzalna pre
buducnost
= Rychlost az do 622Mbps

= \/ sUucasnosti uZ mrtva ®

Service Provider Network ATM Switch

—

LLJlJl



Private WAN

Metro Ethernet

= Na Slovensku velmi rozSirené

= Nahradzala FR a ATM

= Typicky vyuziva optiku na
vzdialené prepojenie lokalit

= Velmi jednoduché, vykonneé a
efektivne riesenie
= Ako bezny ethernet, jednoducha

integracie do datovych sieti
= Obchodné mena

= Metropolitan Ethernet (MetroE),
Ethernet over MPLS (EOMPLS) a
Virtual Private LAN Service (VPLS).

Branch Office
(Main St.)

Intemet>

Branch Office
(Suburb)

Service Provider Metro
Ethernet

Head Office
(Downtown)

Branch Office
(Industrial Park)



Private WAN

Multiprotocol Label Switching (MPLS)

= MPLS je vysokovykonna WAN technologia, velmi rozSirena

= Nesmeruje ale prepina pakety zo smerovaca na smerovac na zaklade navestia (MPLS
label)

= Paketu vstupujucemu od zakaznickeho CE (Customer Edge) smerovaca do siete je PE
(Provider Edge) smerovacom priradené Label

= Vnutorné P (Provider) smerovace ich pouziju na Hop-by-hop prepinanie
= Vystupny PE smerovac odstrani Label MPLS Cloud

cE CE
Metro
aéame Relay Ethernet)ﬁ




Private WAN

VSAT

= Very small aperture terminal
(VSAT)
= riesenie, ktore vytvara privatne
WAN s pouzitim satelitnej
komunikacie

ODU

IDU

Receive” i " Transmit

Coax RF Cables

A/C Outlet /\/ I External Power Central Branch
Supply

Transmitter/Receiver




Public WAN

Digital Subscriber Line (xDSL)

= Velmi popularna
Sirokopasmova Always-on o
technologia

= Vlyuziva existujuce krutene
telefonne pary na
Sirokopasmovy
vysokorychlostny prenos dat
a poskytnutie IP sluzby
= Do 8MbpS Router \ DSL Modem DSLAN

= DSL modem konvertuje
Ethernet na DSL signal, ktory -
je prenasany na DSLAM |

Teleworker

WAN Service Provider

DSL Service
Provider

Internet

Ethernet

(POP)




Public WAN

Cable

= Pristup do siete cez
infrastrukturu kablovych TV
rozvodov (pévodne TV
operatorov)

= Always-on technologia

Company Head
Office

Teleworker

WAN Service Provider

Cable Service Internet

Provider

Ethernet

Cable Modem

Cable Modem
Termination System
(CMTS)

Router




ISP Networle

Public WAN

Bezdrotovy (Wireless) pristup

Internet Backbone

Aktualne trendy v Sirokopasmovych bezdrétovych
technologiach:
= Municipal Wi-Fi
= Koncept pokrytia celého mesta volne dostupnym
WiFi (univerzalna sluzba)
= WiIMAX — Worldwide Interoperability for
Microwave Access (WIMAX)

= Podla kurikul:

= is a new technology that is just beginning to come into use
= =>na SK mftva Home Local Area Network Non-Line-of-Sight

= Do 72Mbps Transmission
= |nternet cez Satelit

= Telefonne mobilné siete
= 3G/4G Wireless — Skratka pre 3 a 4 generaciu
mobilnych pristupovych bezdrétovych sieti.
= Long-Term Evolution (LTE) — NovSia a
rychlejSia technoldgia, ktora je suCastou 4G sieti. Mobile Provider as ISP \Intemet)

= Popularny tethering cez MBT Ci ako backup
primarnych liniek

' WiMAX 802.16 Transmitter




Branch A

Public WAN q
| J

VPN Technoloégia S e é,

’ Remote VPN
Gatews 5 PN

Engatalesc F’ ule
3P A
Internat
VEN Tunned

= VPN je zabezpecené Sifrované spojenie cez
verejny internet (vyuZziva na pristupe niektoru
zo spominanych technoldgii na pristup)

medzi privatnymi sietami o
\"F 'FTF
= Vyhody VPN: adl
X : . . AT\
= Setrenie nakladov 2,:. ‘
= Teleworking, mobilita, vyuZzitie Internetu na bezpecny prastup Company Head Office —
do korporatnej siete ‘
= Bezpedénost || e
= Vysoka Urovef zabezpe&enia komunikacie i,:“.:GH icemet
= Skélovatelnost | &
= Jednoduche riadenie pridavania pouzivatelov 1}
v . | Cable
= Dva typy riesenia VPN.: 1) VPN Gient Login

WEB/IETE

= Site-to-site VPNs Sap
= Remote-access

l.lﬂrn-:unn:lzl
PHMrd::l

Taloworkar 1 Telewarker 2




Vyber WAN sluzby

Vyber WAN riesenia

= U&el prehfadu?
= Odpoved na otazky:

AKky je ucel WAN?

= Na ¢o bude WAN sluzit?

= Pouzit privatne Ci verejne WAN
rieSenie?

Aké je geograficke pokrytie?

Aké su poziadavky na

prevadzku?

Cim sa pripojit do siete a aké su

obmedzenia tej ktorej

technoldgie?

Aka je cena riesenia?




Vyber WAN sluzby

Vyber WAN riesenia

Should the WAN use a private or public infrastructure?
For a private WAN, should it be dedicated or switched?
For a public WAN, what type of VPN access is required?
Which connection options are available locally?

What is the cost of the available connection options?
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