Stete LAN a MAN podla
Standardov IEEE 802

IEEE 802.2
IEEE 802.3



IEEE 802 ILAN vseobecne

m  peer-to-peer komunikacia po zdielanom médiu

= vysielanie informacie vSetkym uzlom (broadcast)
= spoloCné fyzické médium

= nutnost pristupovej metody

KIS, M.Oravec, KTL FEI STU



Stete LAN a MAN podl'a IEEE 802

= |EEE, ANSI — fyzicka a linkova vrstva
= linkova — MAC, LLC

= |EEE: 802.x
= ANSI: ISO 8802

KIS, M.Oravec, KTL FEI STU



Stete LAN a MAN podl'a IEEE 802

 802.3 — Ethernet
= 802.11 — bezdrbétové LAN

. 302.15 — Bluetooth
= 802.16 — bezdrétové MAN

KIS, M.Oravec, KTL FEI STU



Protokolovy model LAN

oSl LAN

MAC — medium access control, podvrstva riadenia pristupu k médiu
LLC — logical link control, podvrstva riadenia logického spoja

KIS, M.Oravec, KTL FEI STU



IEEE 802

O riadenie pristupu k meédiu

0 casovy multiplex

¥ kontrola spravnosti prenasanych ramcov

0 hodnoti blokovanie siete

u IEEE 802.3 (Ethernet), 802.5 (Token Ring), ...

m riadenie spojenia

M vytvaranie, rusenie, kontrola linkovych spojeni medzi uzlami siete
O riadenie bezpecCného prensou medzi dvoma uzlami siete

N IEEE 802.2

KIS, M.Oravec, KTL FEI STU



‘ Ethernet - fyzicka vrstva pre 10Mbit/s

= <prenos. rychlost> <spdsob prenosu> <max.dizka>

Mbit/s BASE/BROAD F/T/x
= BASE/BROAD - prenos v zakladnom pasme/ Sirokopasmovy
prenos

= F/T/x — prenosovy prostriedok al. max. dizka (priblizne) jedného
segmentu v stovkach metrov — optika / symetricky kabel / 2 al. 5

= 10Baseb5

= 10Base-T

KIS, M.Oravec, KTL FEI STU



‘ Ethernet - fyzicka vrstva pre 10Mbit/s

Najbeznejsie typy Ethernetu pre 10 Mbit/s

Name Cable Max. seg. | Nodes/seg. Advantages
10Base5 Thick coax 500 m 100 Original cable; now obsolete
10Base2 Thin coax 185 m 30 No hub needed
10Base-T | Twisted pair 100 m 1024 Cheapest system
10Base-F | Fiber optics 2000 m 1024 Best between buildings

KIS, M.Oravec, KTL FEI STU



‘ Ethernet - fyzicka vrstva pre 10Mbit/s

Controller

> Controller

Transceiver

Transceiver + controller

/ cable

Vampire tap

J'\Trane.c:eiver Connector

(a) (b)
(a) 10Baseb (b) 10Base2 (c) 10Base-T
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‘ Ethernet - fyzicka vrstva pre 10Mbit/s

Topoldgie kablovania

A B —

i l | A B C D
¢ o U I W I O
) Tap =
»—D : Repeater

Backbone —™

(@) (b) (c) (d)
(a) Linearna (b) Chrbticova (c) Strom (d) Segmenty
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Linkovy kod

Bit stream 1 0 0 0 0 1 0 1 1 1 1

Binary encoding

Manchester encoding

Differential
Manchester encoding

\ Transition here \ Lack of transition here

indicates a 0 indicates a 1

(a) Binarny kod (b) kéd Manchester (c) Diferencény kod Manchester

KIS, M.Oravec, KTL FEI STU



10BASES5

= 10BASES

= thick Ethernet”, konektor vampir

= 50 ohm koaxialny kabel, 10 Mbit/s, kod Manchester, max.
diZka segmentu 500 m

= opakovac (repeater) - moznost zvacsenia siete, digitalny
zosilnovac, regeneruje signal v oboch smeroch medzi
prepojovanymi segmentami

= medzi 2 uzlami povolena iba jedna trasa segmentov a
opakovacov

= |EEE 802.3 - max. 4 opakovace v trase medzi fubov. 2 uzlami
- efektivna dlzka meédia 2500 m

KIS, M.Oravec, KTL FEI STU



10BASE2

H 10BASE2 (IEEE 802.3a)

= ,thin Ethernet”, BNC konektory, 50 ohm koaxialny kabel
- tenky, 10 Mbit/s, kdd Manchester

= max. diZzka segmentu 185 m

KIS, M.Oravec, KTL FEI STU



10BASE-T
= 10BASE-T (EEE 802.3))

= 10 Mbit/s, max. dizka segmentu 100 m

= UTP (unshielded twisted pair)

= [ =Twisted pair (krutena dvojlinka, symetricky
kabel), max. dlzka segmentu 100 m

= topoldgia - hviezda, hub ako opakovac (vysielanie jedného
uzla sa vySle vSetkym uzlom)

= fyzicky hviezda, logicky zbernica

KIS, M.Oravec, KTL FEI STU



10BROAD36

= 1T0BROAD36

= nepouzivane

= jedina Specifikacia pre broadband
= Standardny 75 ohm TV koax. kabel
= 10 Mbit/s

= data skramblované, potom analégovo modulované
(DPSK - diferential phase-shift keying)

KIS, M.Oravec, KTL FEI STU



10BASE-F

= 10BASE-F

= opticke vlakna
= radovo kilometre

= Specifikacia 10 BASE Fx IEEE802.3]
= 10BASEFL
= 10 BASE FB
= 10 BASE FP

KIS, M.Oravec, KTL FEI STU



’Ethernet—CSMA /CD

TIME t,
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iC's transmission
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TIME t,
A's transmission 77, P77 777777777777 77777
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'CSMA/CD

Carrier Sense Multiple Access/ Collision Detection

KIS, M.Oravec, KTL FEI STU



' CSMA/CD

Binary exponential backoff algorithm

2 po i-tej kolizii - Caka sa nahodné Cislo medzi 0 a 2'-1 * pocet
slotov

- po 10. kolizii je interval nahodnych ¢isel konst. 0 az 1023 (210-1)
: po 16 koliziach - ohlasena chyba

KIS, M.Oravec, KTL FEI STU



' CSMA/CD

preco takyto algoritmus:
malé oneskorenie pre malo uzlov
rozumny cas riesenia kolizie pre viac uzlov

KIS, M.Oravec, KTL FEI STU



' CSMA/CD

Trvanie slotu

- najdlhsi mozny Cas Sirenia po meédiu 2t
8 najdlhsie meédium pre 802.3 je 2500 m
: pre 10 Mbit/s je trvanie slotu 2t = 51,2 us

KIS, M.Oravec, KTL FEI STU



‘ Ethernet MAC ramec

Formaty ramcov (a) DIX Ethernet (Ethernet Il), (b) IEEE 802.3.

Bytes 8 6 6 2 0-1500 0-46 4
144
33
Destination| Source Check-
(a) Preamble S - Type D(e:ta Pad S
13
S (J()
Destination| Source Check-
(b) Preamble g N — R — Length D(a:ta Pad S
)
46 to 1500 octets -

SFD = Stant of frame delimiter
DA = Destination addmes
SA = Soorceaddresx

FCS = Frame check cogquence




Bytes 8 6 6 2 0-1500 0-486 4

2 Destination| Source Check-
MAC ramec (a) Preamble T address Type tha Pad hea

g Destination| Source ” Check-

(b) Preamble 2| address adldrass Length Data Pad ST

format DIX (Dec, Intel, Xerox)
= Preamble: synchronizacia, 8 B 10101010

= Destination address DA, Source address SA - adresa
ciela a zdroja
= 2al. 6B, pre 10Mbit/s len 6 B

= Type: identifikator protokolu paketu vyssej vrstvy, ktory sa v
ramci prenasa

= Data - max. 1500 B, je aj min. diZka = 64 B - kvéli koliziam

KIS, M.Oravec, KTL FEI STU



Bytes 8 6 8 2 0-1500 0-48 4
44
Destination| Source ” Check-
‘ [-\ fl A. C rémec (a) Preamble |~ 1 | ddrecs | TYPE Data Pad sum
{4
S o
(b) Preamble g Dzz’gr:eaélcsan ano dur;Cse; Length Data Pad ng;k_
1 ()()
= min. dlzka
Packet starts Packet almost
IE /attimeo @ IEI atBatt-E\ @
[ = (I e
(a) (b)
Noise burst gets
back to A at 2t
B] e B]
— e .
L 101
(c) Collision at -— (d)

time t

KIS, M.Oravec, KTL FEI STU




Bytes 8 6 6 2 0-1500 0-486 4

€5

P

2 Destination| Source Check-
MAC ramec (a) Preamble T address Type tha Pad hea

I3

£5

Destination| Source ” Check-

address address Length tha Pad sum

(b) Preamble

mow

23

= Cas vysielania ramca musi byt vacsi ako 21 - kvoli koliziam

= PAD - doplnenie kratSich ramcov na 64 B
= Checksum - zabezpecenie dat, CRC - detekcia chyb

KIS, M.Oravec, KTL FEI STU



Bytes

MAC ramec ®

(b)

format IEEE 802.3

8 6 6 2 0-1500 0-46 4
(44
b))
Destination| Source Check-
Preamble address address Type tha Pad sum
S|Destination| Source ” Check-
Preamble |0 T adidss Length Data Pad SLE

= Preamble - skratenie na 7 B

= SoF (start of frame, SFD - start of frame delimiter):
pre kompatibilitu s 802.4 a 802.5

= Length namiesto Type - pocCet B v datovej Casti

KIS, M.Oravec, KTL FEI STU




Prepinany Ethernet (Switched Ethernet)

Prepinac (switch)
= zasuvneé karty s konektormi

Switch
Connector A R—
\0\ 0\ 0\ O Ethemet Hub E To hosts
ol Vel lvall Ve T| |h| |
0 hosts
NIRRT
AU AL AL A
10Base-T
connection

To the host computers

KIS, M.Oravec, KTL FEI STU



Prepinany Ethernet (Switched Ethernet)

PrepinacC (switch)

1) vSetky porty na karte spojené do jednej LAN

2) kazdy port ukladany do RAM na karte

KIS, M.Oravec, KTL FEI STU



‘Hub a prepinac

Hub

Prepinac vrstvy 2
(Layer 2 Switch)

Prepinace:
= cut-through
= store-and-forward

10 Mbps
-

T

|

10 Mbps

Shared Bus - 10 Mbps

l

CQ D

10 Mbps
+——

10 Mbps

I

{a) Shared medium bus
| Total capacity ITI
wp to 10 Mbps
10 Mbps 10 Mbps
i T 10 Mbp 10 Mbps i l
‘ 0 cH od

{b) Shared medivm hob

KIS, M.Oravec, KTL FEI STU
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i 10 Mbps

s

10 Mbps

= =

{c) Layer 2 switch



Fast Ethernet, IEEE 802.3u

1. ponechat 802.3, ale zrychlit ho — |IEEE
802.3u

2. uplné prepracovanie — 100VG-AnyLAN,
IEEE 802.12

o 802.3u (spatna kompatibilita, nie nove
problémy s novymi protokolmi)

KIS, M.Oravec, KTL FEI STU



‘ Fast Ethernet

IEEE 802.3 (100-Mbps)

100BASE-X
100BASE-TX 100BASE-FX 100BASE-T4
2 Category 5 UTP 2 5TP I Optical Fiber 4 Category 3 or Category 5 UTP
Name Cable Max. segment Advantages
100Base-T4 | Twisted pair 100 m Uses category 3 UTP
100Base-TX | Twisted pair 100 m Full duplex at 100 Mbps
100Base-FX | Fiber optics 2000 m Full duplex at 100 Mbps; long runs




‘ Fast Ethernet

= 100BASE-TX

= 2 symetrické pary (krutené dvojlinky)-vysielanie a prijem, kod 4B/5B,
plny duplex
= STP alebo UTP kat. 5

= 100BASE-T4
= sym. pary kat. 3, neda sa 100Mbit/s priamo
= 4 sym. pary
3 pary sucCasne pouzité na vysielanie v jednom smere
3x 33a1/3 Mbit/s
= kod 8B/6T, vyuz. ternarne symboly (8 bits to 6 trits)

= 100BASE-FX

= optické vlakna

KIS, M.Oravec, KTL FEI STU



‘ Fast Ethernet

= 100BASE-T: spoloCny nazov pre 100BASE-TX a T4

= 100BASE-FX

= iba prepinacCe

KIS, M.Oravec, KTL FEI STU



‘ Priklad chrbticového Ethernetu 100 MBit/s

— | 00 bibps link

10 Mbps link

o

Fouter [g=2===z|

100 Mbps hubs

100100
Switches




 Gigabitovy Ethernet, IEEE 802.37

= podobne ako Fast Ethernet - spatna kompatibilita, ponechat’ formaty
ramcov, rozhrania, pravidla,

= iba konfiguracia point-to-point, 2 zariadenia na 1 kabli (pocitaC al. hub)

Ethernet /
Computer
Ethernet
(a) (b)

KIS, M.Oravec, KTL FEI STU



‘ Gigabitovy Ethernet

Gigabit Ethernet:
= plny duplex

= poloduplex

= RieSenie:
1. padding ramcov na 512 B — HARDVEROVO
2. frame bursting, zhlukovanie ramcov

KIS, M.Oravec, KTL FEI STU



‘ Gigabitovy Ethernet

Name Cable Max. segment Advantages
1000Base-SX | Fiber optics 550 m | Multimode fiber (50, 62.5 microns)
1000Base-LX | Fiber optics 5000 m | Single (10 ) or multimode (50, 62.5 1)
1000Base-CX | 2 Pairs of STP 25 m | Shielded twisted pair
1000Base-T 4 Pairs of UTP 100 m | Standard category 5 UTP

1000BASE-SX, 1000BASE-LX (kod. 8B/10B)
= iba lasery (LED nie, pomalé)
= 2 vlnové dizky

=  0.85 um (Short)

= 1.3 um (Long)
= priemery opt. vlakna

= 10 ym - jednomoddove

= 50 a62.5pum - mnohomdédové

1000BASE-CX -

opper — tienené medené kable STP (kéd. 8B/10B)

1000BASE-T - zvazok 4 sym. parov UTP kategorie 5

KIS, M.Oravec, KTL FEI STU




Média pre Gigabitovy Ethernet (log. mierka)

10-micron single-mode fiber
1 | | 1
1000BASE-LX S0.micron multimode fiber
1 | | 1
62.5.micron multimode fiber
50-micron multimode fiber |
1000BASESX I I 1
62.5-micron multimode fiber |
1000BASE-T | CategoryS UTP
1000BASE-CX Shielded cable
2m  SDm 290m SO0 m 2500 m SOO00 m
Maxtmom distance

KIS, M.Oravec, KTL FEI STU




‘ Ethernet — prenosové rychlosti a vzdialenosti (log. mierka)

Single-mode fiber
10 Gbps |
Nultimode fiber
Single-mode fiber
| 1
1Gbps Multimode fiber
CATS Llll'l"
Multimode fiber
100 Mbps
CATSUTP
10Mbps | CAT S UTP

250 m SO0 m 2500 . SO00 m 25km S0km
Maximom distance

KIS, M.Oravec, KTL FEI STU



Priklad konfiguracie gigabitového Ethernetu

E C 1
. ] entra
100 Mbps link 1 Gbps Servers
- switching I
s | Gbps link hub
—
—
= =
—_ 100/1000-Mbps Hubs =
Workgroup Workgroup

= ==
= = = -

- m— Y e e - . s— s —

KIS, M.Oravec, KTL FEI STU



10gigabitovy Ethernet, IEEE 802.3ac

o |IEEE 802.3ae : standard pre 10Gbit Ethernet
o IEEE formalne ratifikovala 12.6.2002.

o 10Gbit Ethernet:
= iba full-duplex
= 10 Gbit/s
= multimédove optické viakno: do 300 m
= jednomodove opticke vliakno: do 40 km
m Casté oznacCenie 10GbE

KIS, M.Oravec, KTL FEI STU



‘ IEEE 802.2: Logical Link Control

Network layer Packet
Data LLC LLC [ Packet
link < F—————======—===—7
layer MAC MAC | LLC Packet MAC
Physical layer Network

(a) (b)

Podvrstva LLC Enkapsulacia

KIS, M.Oravec, KTL FEI STU




IEEE 802.2: LIC

s LLC — pre siete 802.x jednotny fomat a rozhranie k
sietovej vrstve

= zalozeny na HDLC

= 3 typy sluzieb
= nespolahliva datagramova sluzba

= potvrdzovana datagramova sluzba

= spolahliva spojovo orientovana sluzba

KIS, M.Oravec, KTL FEI STU



Ramce podvrstvy LLC

1B 1B 1al.2B nB

m  DSAP - cielovy (destination) SAP

m  SSAP — zdrojovy (source) SAP

= Riadiace pole, zavisi od typu ramca (I, S, U)
m Data — z vySSich vrstiev

KIS, M.Oravec, KTL FEI STU



‘ Ethernet-zhrnutie

= jednoduchy

o spolahlivy, lacny, l[ahka udzba
= flexibilny

2 spolupraca s TCP/IP

0 znasobenie rychlosti, pridanie hubov a
prepinacov, ale ziadna zmena v softveri

2 vyhoda oproti FDDI, Fibre Channel, ATM

KIS, M.Oravec, KTL FEI STU
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