Buabl cepBUCOB KaHarnbHOMo
YPOBHSA

» CepBuc 6e3 noareepxaeHun, 6es
ycTaHOBKU coeanHeHusa (Unacknowledged
connectionless service)

« CepBuUC C noaTBepXOeHNs MU, 0e3
YCTaHOBKN coeanHeHua (Acknowledged
connectionless service)

« CepBuC C NOOATBEPXKOEHUSIMUA,
OPUEHTUPOBAHHbLIN Ha COEAUHEHNE
(Connection-oriented service)



[ IpOTOKON KaHanbHOro ypoBHA
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[looypOBHW KaHanNbHOIO YPOBHSA

* LLC (Logical Link Control) nogypoBeHb
yrnpaBneHus norm4yeckoun cBA3bio

(ynpaBrneHne NoToOKOM, CUHXPOHU3aLUSA
nepenadun, KOHTPOsb OLUNOOK)

* MAC (Media Access Control) nogypoBeHb
yrnpaBneHnsa JOCTYMNoOM K cpefe

(norn4veckas Tononorua, MetTodbl 4OCTyna K
cpene, agpecauuns)



YnpaBreHne rnoTokom

* C nomoLLbio BO3BpaLLaeMOro okHa
(cTaTu4yeckoe n guHamMmn4eckoe OKHO)
* C rapaHTMpoBaHHOW BENTMYMHOW MOTOKA



[lepegada ogHoro dopenma c noaTBepXaeHnem

OTnpaeuTEnb Monyyatenb

Opeinm 1
' \
Ppenm 1

©
i«
% » KBuTaHuma 1
®
m KBuTaHuma 1
(W
dpeinm 2
(" \‘ dpeiim 2
©
~
X
% N KBuTaHLUma 2
= /
®
™ KButaHuymna 2




3agepxka

KoHBenepHasi obpaboTka

OTnpasuTenb Monyuarens
Ppenm 2 Spenm 1
(\
KeutaHums 1
dpenm 2
v/
KeutaHuusa 1

KeutaHuua 2




[ apaHTMpoBaHHa4A BENMYMHA
NnoToKa

« OTnpaBuTenb 1 nonyvarens
npegBapuUTENnbHO YpaBHMBAKT CKOPOCTU
nepenaym n rapaHTUpPyrT e€ NOCTOAHCTBO
B Te4YEeHUN BCeEN Nepenayn



[Tpn BO3HMKHOBEHUW OLLIMOOK

« BosBpaT Ha n




[Tpn BO3HMKHOBEHUW OLLIMOOK

* BbIOOPOYHbIV MOBTOP

UHTEpBall
O)KVIAFHW/'-I

4 || 2
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2 3 4
> K4 7
S 2 2 o W\\‘
0 1 E 4 2 0 1 2 3 4
)

Kazpbl 6yq)<3pe3ye|v|b|e
KaHanbHbIM YPOBHEM




McnpaBrieHne n obHapyXxeHune
OLLMOOK

[1Ba 0CHOBHbIX BUaa owmbok: 1) notepst kagpa

MOMNMHOCTBLIO; 2) NpMeM Kagpa ¢ UHBEPTUPOBAHHbIMU

buTamm - B 3TOM Criy4ae UCMonb3ylTCA ChneLl.
Koabl

» Kookl ¢ obHapy»XeHnem oLmnbokK
* Koabl ¢ ncnpasneHnem owinbok



KoppekTupytoLime Koabl

Char. ASCII
H 1001000
a 1100001
m 1101101
m 1101101
i 1101001
n 1101110
g 1100111

0100000
C 1100011
0 1101111
d 1100100
e 1100101

Check bits

00110010000
10111001001
11101010101
11101010101
01101011001
01101010110
01111001111
10011000000
11111000011
10101011111
11111001100

y 00111000101

Order of bit transmission

Kog XaMMUHra anst ucnpasneHnst MHOXECTBEHHbIX OLLIMOOK



ObHapyxneatrLine Kogbl

Frame : 1101011011
Generator: 1 00 1 1
Message after 4 zero bits are appended: 1 1010110110000

11 O OO0 1 O 1 O
10011 1 1 O 11 01 1 O O O O
100111
1 0 O 1 1
1 0 O 1 1
O O O O 1
O O O O O
Y
O O 0O 1 O
O O O O O
O O 1 O 1
O O O O O
4
o 1 O 1 1
O O O O O
 J
1 O 1 O
1 0 O 1 1
O 1 O 1 O
O O O O O
1 O 1 O O
1 O O 1 1
]
o1 1 1 O
0 0 0 0 o Remainder
11 1 0=~

Transmitted frame: 11010110111 110

Linknnyeckuin n3bbitounbin kog CRC



ObopynoBaHue PU3N4ECKOro
KaHarnbHOro ypoBHeEN

* PU3NYeCKUn (KOHLEHTPaTOpPhI,
NnoBTOPUTENN, MOAEMbI, KOHHEKTOPbI)

» KaHanbHbIN (CeTeBLIE KapThbl, MOCTHI,
MHTENNEKTyanbHbIE KOHLIEHTPATOPHI,
KOMMYTaTOopbl)



Pure ALOHA

In pure ALOHA, frames are transmitted at
completely arbitrary times.

User

B [ ]
C [ ] [ ] [ ]
D 1 ] [ ] [ 1]




Pure ALOHA (2)

R B

Collides with Collides with
the start of the end of
the shaded | ¢ . the shaded

frame frame

Vulnerable -

t+3t Time ———»



Persistent and Nonpersistent
CSMA

0.01-persistent CSMA

Nonpersistent CSMA

0.1-persistent CSMA

0.5-persistent
4~ CSMA

/ Slotted
— | ALOHA

1-persistent

Pure 4 CSMA

» ALOHA

0 1 2 3 4 9 6 7 8 9

G (attempts per packet time)



Collision-Free Protocols

The basic bit-map protocol.

: Frames :
8 Contention slots 8 Contention slots 1 d
01234567 t/l'\\ 01234567 01234567
1] |1 1 1 3 7 1 1 1 2

SN~ > 7S



Probability of success
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Limited-Contention Protocols

10 15
Number of ready stations



Adaptive Tree Walk Protocol

-«+— Stations



Ethernet

Switched Ethernet

Fast Ethernet

Gigabit Ethernet

IEEE 802.2: Logical Link Control
Retrospective on Ethernet



Switched Ethernet

Ethernet

To hosts

To hosts

Switch
Connector
X O
NN
e e e
NI R
AU A AL A
1OBase-Tﬂ| I
connection

To the host computers

Hub

To hosts



Fast Ethernet

The original fast Ethernet cabling.

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




Gigabit Ethernet

Ethernet

Computer

" | o

(a) A two-station Ethernet. (b) A
multistation Ethernet.



Gigabit Ethernet (2)

Gigabit Ethernet cabling.

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 u) or multimode (50, 62.5 )
1000Base-CX | 2 Pairs of STP 25 m | Shielded twisted pair
1000Base-T 4 Pairs of UTP 100 m | Standard category 5 UTP




IEEE 802.2: Logical Link Control

Network layer Packet
Data LLC (G Dackat
link < F-—--———————=-—————1
layer MAC MAC | LLC | Packet MAC
Physical layer Kiatwerk

(2) (b)

(a) Position of LLC. (b) Protocol
formats.



The 802.11 MAC Sublayer

Protocol

(a) The hidden station problem.
(b) The exposed station problem.

A wants to send to B B wants to send to C

but cannot hear that but mistakenly thinks
B is busy the transmission will fail




The 802.16 Protocol Stack

The 802.16 Protocol Stack.

Service specific convergence sublayer

Security sublayer

Transmission convergence sublayer

Physical medlum{ OPSK w QAM-16 —‘ QAM-64

dependent sublayer

e A} Upper

| | layers

Data
> link
layer

>Physical
layer




The 802.16 Physical Layer

@E.E@

QAM-64 (6 bits/baud)
QAM-16 (4 bits/baud)
QPSK (2 bits/baud)

The 802.16 transmission environment.



